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FOREWORD

Efforts to assemble a comprehensive reference of universal knowledge date back to Aristotle, and some
consider the work Natural History of Pliny the Elder to be the first encyclopedia. By the nineteenth century,
encyclopedias had become more specialized, in line with expanding knowledge that required many sources.
The Encyclopedia of Gerontology, second edition, is illustrative of the character of gerontology itself, universal
by its capacious nature, while at the same time specialized. That is one reason, among many, that makes the
field so extraordinary and inviting. The growth of aging populations and the advance of longevity, after all,
reflect one of the great universal historic demographic shifts of all time. And with this revolution in longevity
have come numerous challenges — social, economic, political, ethical, and personal — requiring a range of
special adjustments. This fine encyclopedia reflects both the challenges and the adjustments.

Conventional knowledge notes that as societies increase in wealth, they are in a better position to provide
social, health, and other benefits for their citizens. But based upon recently acquired knowledge, the reverse is
also true, that health and longevity promote wealth. Svanborg, Manton, and others have found that as a result
of social, medical, and public health advances, people not only are living longer but also are more likely to
enjoy more disability-free years. These two facts strengthen the prospectus for increasing years of productive
engagement. This demographic shift constitutes a great human achievement, compelling, in turn, the trans-
formation of our culture and the personal experience of growing older that is at hand. It will lead to a body of
new concepts and data concerning old age — and to an expanding encyclopedia.

Robert N. Butler, M.D.

President and CEO

International Longevity Center

Professor of Geriatrics and Adult Development
Mount Sinai School of Medicine



PREFACE

This second edition of the Encyclopedia of Gerontology reflects the dramatic growth of research and schol-
arship about aging. The study of aging has emerged as not only an area of scientific and scholarly effort but
also an area of practical concern, as people are living longer and are more active, and the societies in which
they live are changing. Aging is a complex process of change, involving influences of a biological, behavioral,
social, and environmental nature. As the content of this second edition of the Encyclopedia of Gerontology
reveals, aging is one of the most complex topics facing science in the twenty-first century.

Parallel with the expansion of research on aging, there has been an increased interest in issues relating to
older persons in developed and developing countries. Evidence from new studies of aging is replacing long-
standing stereotypes about older persons and the causes of change. How change is brought about in individuals
over the life span results from many influences that range from genetics to physiology, sociology, psychology,
and anthropology. Human life is influenced by physical, social, and economic environments as well as the
traditions of families and religion. The articles in this encyclopedia have been selected to reflect both the depth
and the breadth of influences on the living organism.

The second edition of the Encyclopedia of Gerontology includes both new topics and advances in areas
included from the previous edition. In some cases, the updated articles are written by the same author, and in
other cases, they are written by new authors with fresh perspectives. An international editorial advisory group
was consulted in developing both the list of contents and the contributors for each article. The efforts of the
authors, editors, reviewers, and publishing staff have been very important in the completion of this volume and
are greatly appreciated.

The encyclopedia provides updates and summaries about what is known about the many processes of aging.
As before, the topics are arranged alphabetically. Readers are encouraged to use the comprehensive index at
the end of the encyclopedia, since a topic of interest may be dealt with under different terms by different
authors.

James E Birren



How to Use the Encyclopedia

The Encyclopedia of Gerontology, second edition is intended for use by both students and research profes-
sionals. Articles have been chosen to reflect major disciplines in the study of gerontology and adult developm-
ent and aging, common topics of research by professionals in this realm, and areas of public interest and
concern. Coverage includes five major areas: the biology of aging, the psychology of aging, aging and the social
sciences, health sciences, and the humanities and aging. Each article serves as a comprehensive overview of a
given area, providing both breadth of coverage for students and depth of coverage for research professionals.
We have designed the encyclopedia with the following features for maximum accessibility for all readers.

Articles in the encyclopedia are arranged alphabetically by subject. Complete tables of contents appear in
both volumes. Here, one will find broad discipline-related titles such as “Demography” and “Pharmacology,”
research topics such as “Dementia” and “Creativity,” and areas of public interest and concern such as “Abuse
and Neglect of Elders” and “Ethics and Euthanasia.”

The Index is located in Volume 2. Because the reader’s topics of interest may be listed under a broader article
title, we encourage use of the Index for access to a subject area, rather than use of the Table of Contents alone.
For instance, Alzheimer’s Disease is covered under the title “Dementia: Alzheimer’s”, “Dementia,” and
olfaction is covered in the article “Smell and Taste.” Because a topic of study in gerontology is often applicable
to more than one article, the Index provides a complete listing of where a subject is covered and in what
context.

Each article contains a glossary, cross references, and a list of recent and seminal primary and secondary
sources for further reading on the topic. The glossary contains terms that may be unfamiliar to the reader, with
each term defined in the context of its use in that article. Thus, a term may appear in the glossary for another
article defined in a slightly different manner or with a subtle nuance specific to that article. For clarity, we have
allowed these differences in definition to remain so that the terms are defined relative to the context of each
article.

Each article has been cross-referenced to other articles in the encyclopedia. Cross-references are found
within the body of the article and at the close of the article before the further reading suggestions. We
encourage readers to use the cross-references to locate other encyclopedia articles that will provide more
detailed information about a subject.

The further reading section lists sources to aid the reader in locating more detailed or technical information.
Review articles and research articles that are considered of primary importance to the understanding of a given
subject area are also listed. The further reading section is not intended to provide a full reference listing of all
material covered in the context of a given article, but is provided as a guide to additional sources of infor-
mation on the subject.



Abuse and Neglect of Elders
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Glossary

Elder Abuse — Intentional actions that cause harm or
create a serious risk of harm, whether or not in-
tended, to an older adult by a formal or informal
caregiver who has a trust relationship with the
elder, or failure by a caregiver to satisfy an older
person’s fundamental needs or to protect the elder
from harm.

Formal Caregivers — Professionals and semi-profes-
sionals, such as social workers, physicians, law-
yers, homecare providers, and nurses, who care for
older persons in a wide variety of settings.

Informal Caregivers — Family members or close
family associates who care for the older person,
either in the older person’s own home or in the
caregiver’s home.

Neglect — Intentional or unintentional harmful
behavior on the part of an informal or formal
caregiver in whom the older person has placed his
or her trust. Unintentional neglect is the failure of
the caregiver to fulfill a caretaking responsibility,
but without the intention to harm the older
person; intentional neglect occurs when the care-
giver consciously and purposely fails to meet the
needs of the older person, resulting in psycho-
logical, physical, or material injury to the older
person.

Self-neglect — An act of omission on the part of
the older person, such as the failure to take care
of personal needs, that may result in psychological,
physical, or material injury. The problem can often
be attributed to the older person’s diminished
physical or mental capabilities to care for him-
or herself. There is some question as to whether

self-neglect should be included in a consideration
of elder neglect and abuse, since no abusive
caregivers are involved.

Introduction

Elder abuse, also called mistreatment or maltreat-
ment, is harmful behavior directed toward older per-
sons by informal or formal caregivers who the older
person loves or trusts, or on whom they depend for
assistance. The destructive behavior can cause physi-
cal, psychological, or material injury to the older
person, resulting in unnecessary distress, suffering,
and sometimes death. Historically, there has been no
generally accepted definition of elder abuse, but there
is a growing international consensus about the types
of actions to be included in the definition. There are
usually five agreed-upon categories of abuse, with
some disagreement about whether self-neglect and
abandonment are forms of elder abuse. Physical
abuse includes any act that involves the intentional
infliction of physical discomfort, pain, or injury. Ex-
amples of physical abuse include such behaviors as
restraining, slapping, kicking, cutting, or burning.
Medical maltreatment is sometimes considered an
example of physical abuse. Sexual abuse or assault
covers any kind of nonconsensual sexual contact
with an older person, such as unwanted touching, all
types of sexual battery, such as rape, or coerced nu-
dity. Psychological abuse, sometimes referred to as
verbal or emotional abuse, involves the intentional
infliction of mental anguish or the provocation of
fear of violence or isolation in the older person. Psy-
chological abuse can take various forms, such as
name-calling, humiliation, intimidation, or threats of
placement in a nursing home. Material abuse, often
referred to as financial abuse, involves the inten-
tional, illegal, or improper exploitation of the older
person’s material property or financial resources by
the abuser. Material abuse can include fraud, theft,
or use of money or property without the older per-
son’s consent. Neglect generally refers to the in-
tended or unintended failure of a formal or informal
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caregiver to fulfill any part of a caregiving obligation.
Examples include failure to provide an older person
with the necessities of life such as food, water, clo-
thing, shelter, medicine, or comfort. Acts such as
theft, physical assault, rape, or burglary by a person
outside of a trusting relationship with the older
person usually would not be classified as elder abuse,
but rather as crimes. Crimes against the elderly
include some, but not all, forms of elder abuse.

These categories of abuse have been strongly in-
fluenced by research in Canada, the United Kingdom,
Europe, and the United States. Studies conducted
in other countries such as China, India, and South
Africa have used different definitions that reflect the
values within their societies. In China, where har-
mony and respect are core societal values, neglecting
the care of an older person is considered elder abuse.
In one of the first attempts to classify abuse in a
developing country, focus groups held in South
Africa added to western definitions such categories
as accusations of witchcraft, loss of respect for
elders, and abuse by systems such as health clinics
and pension offices.

The abuse of older people by family members did
not come to light until after child and wife abuse had
entered the public domain in the mid-1960s. Elder
abuse was first described as late as 1975 in British
scientific journals as ‘granny battering’ but rapidly
came to be regarded a significant social problem in
developed countries in the 1980s. With the realiza-
tion of the dramatic increases in the aging popu-
lations in developing countries in the 1990s, elder
abuse became a global issue. This article reviews the
extent of elder abuse in domestic and institutional
settings, the risk factors for mistreatment, the theo-
retical frameworks used to explain abuse, and global
responses to the problem.

The Extent and Social Context of Elder
Abuse

Elder Abuse in Domestic Settings

Although many studies have documented the exist-
ence and nature of elder abuse and neglect, only a
few international studies have collected data on the
prevalence (total number of occurrences in a given
time period) and the incidence (number of new
occurrences within a specific time) of the problem
among the non-institutionalized elderly. Reliable
data have been difficult to obtain because definitions
of elder abuse and neglect vary, the problem is re-
current, methodologies and time frames for the
occurrence of abuse differ, and samples sometimes
do not accurately represent older people. In light of

these difficulties, rates from international sources
range from 2 to 10% and should be interpreted with
some caution.

In the United States, one of the first prevalence
studies was carried out in the greater Boston area in
1985-86 based on a representative sample of 2020
persons, all 65 years of age or older. The study found
that 3.2% of the elders had experienced some type of
abuse. About 2% of the sample were physically
abused, 1.1% were chronically verbally abused, and
about 0.4% were neglected. Material abuse was not
considered in this investigation, resulting in a gene-
rally lower prevalence rate than in other studies. In
contrast, telephone surveys in Sweden and Denmark
indicated that 8% of elders reported abuse, but theft
was included as a type of elder abuse. A study done
in a small town in Finland found that 5.7% of a
representative sample had been abused since the time
they retired. A study in Canada used a representative
sample to conduct a national telephone survey in
1989 of 2008 randomly selected older persons. This
investigation found that about 4% of the sample re-
ported some type of abuse. Approximately 2.5% of
the sample experienced material abuse, 1.4% expe-
rienced chronic verbal aggression, and 0.5% suffered
physical abuse. About 0.4% reported neglect. A
more recent study, reported in 1998, was a study in
Amsterdam of a representative sample of persons 69
years of age and older. It found that the 1-year
prevalence of elder abuse was 5.6%.

The prevalence rates appear to be relatively low,
but they may also be misleading. Although these
studies represent the best prevalence studies currently
available, they all suffer from flaws in design and
implementation; they are subject to cultural and
contextual differences; and, more than likely, they
provide low estimates because the cognitively or
hearing impaired have been excluded from at least
two of the investigations. There is little doubt that
better prevalence data using large-scale random sam-
ples on either locally or nationally representative
samples are required.

Incidence rates for elder abuse are still virtually un-
known in most countries. However, attempts at esti-
mates have been made by the National Center on
Elder Abuse at the American Public Human Services
Association. In the National Elder Abuse Incidence
Study, data on domestic elder abuse, neglect, and self-
neglect were gathered through a nationally rep-
resentative sample of 20 counties in 15 states. Using
reports from local Adult Protective Agencies and from
‘sentinels’ who are specially trained individuals at a
variety of agencies, the study uncovered approxi-
mately 450000 adults age 60 and over who were
newly abused or neglected in domestic settings in
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1996. The study also estimated that for every reported
incident of elder abuse and neglect, approximately
four incidents go unreported. Female elders were
abused at higher rates than males, and in almost 90%
of the cases, the perpetrator was a family member;
two-thirds of the perpetrators were adult children or
spouses. The incidence study has been questioned on
methodological grounds to the extent that many older
vulnerable people do not have contact outside of their
homes and thus are often reluctant to take action
against their abuser, so are not identified as mistreated.

Elder Abuse in the Institution

Institutional abuse is the mistreatment of older per-
sons living in facilities such as nursing homes, hos-
pitals, or long-term care institutions; it is perpetrated
by the formal caregiving staff, and sometimes by
other patients or visitors. There is, however, some
indication that an abusive relationship at home may
not necessarily end once an older person has entered
institutional care. Elder abuse and neglect by formal
caregivers fall into the same categories as that com-
mitted by informal caregivers, but the victims are
likely to be more vulnerable to abuse because they
require the protective environment of the facility.
Some researchers have added violations of basic
rights to the list of abuses that can occur in institu-
tions. Such violations include denying elderly people
the right to make personal decisions or the right to
privacy. Another form of abuse that has been con-
sidered is systemic abuse, which refers to abuses re-
sulting from unquestioning regimentation, such as
routine use of incontinence briefs instead of helping
the person to the bathroom.

There are no reliable data on the prevalence of
maltreatment or neglect in hospitals, nursing homes,
day care, or residential long-term care facilities.
There is enough anecdotal evidence (case studies,
governmental reports, ethnographic studies, personal
histories) in every country where these institutions
exist, however, to suggest that abusive behavior is a
widespread, regular aspect of institutional life. There
have been reports of material abuse, including the
theft of patient’s funds and fraudulent therapy and
pharmaceutical charges; physical abuse, including
rough handling, hitting and slapping, and inappro-
priate medical treatment such as chemical and phys-
ical restraint; and psychological abuse, including
social isolation, yelling in anger, and threats. Neglect
often reflects deficiencies in the provision of nursing
care such as inadequate nutrition and hydration and
poor oral and physical hygiene.

The first prevalence study of abuse in nursing
homes was carried out in the United States. In a

random survey of 577 nurses and nursing home aides
in 1989, staff were asked to report on abuse perpe-
trated by others and to report on their own abusive
actions. Only physical and psychological abuse were
considered. The researchers found that, overall, 36%
of the sample had seen at least one incident of phys-
ical abuse in the preceding year. The most frequent
type of physical abuse observed by the staff was the
excessive restraint of patients. A total of 81% of the
surveyed staff had witnessed at least one psycho-
logically abusive incident in the preceding year. Ten
percent of the nurses reported that they themselves
had committed one or more physically abusive acts,
the most common being the excessive use of re-
straints (6%). Forty percent of the nurses admitted to
psychological abuse, the most common form being
yelling at a patient (33%). A more recent training
project conducted a non-random survey of 77 certi-
fied nurses aids (CNAs) about whether they had wit-
nessed abuse. Their reports supported the first
American study. Fifty-eight percent of the CNAs
said they had seen a staff member yell at a resident;
36% had seen residents insulted, 11% had witnessed
threats to hit or throw something at a resident, and
21% had seen a resident grabbed, pushed, shoved, or
pinched in anger.

In a random telephone survey of 804 nurses and
nurses aids in Ontario, Canada, 20% reported
having witnessed abuse of patients in nursing homes,
31% witnessed rough handling of patients, and 28%
witnessed yelling and swearing at patients. A study of
workers in Sweden (which included a few home-care
workers) revealed that 11% of workers knew of at
least one incident of abuse in the last year.

As in the analysis of domestic abuse, several North
American scholars identified a number of factors that
they believe contribute to the abuse of elderly resi-
dents by staff in nursing homes. These factors include
the lack of comprehensive and consistent policies
with respect to the infirm elderly, the fact that the
long-term care system is characterized by built-in
financial incentives that contribute to poor-quality
care, the poor enforcement of nursing home stand-
ards, the lack of highly qualified and well-trained
staff, the powerlessness and vulnerability of the eld-
erly residents, especially those with some type of de-
mentia or memory loss, and the tendency of staff to
avenge patient aggression.

In a partial test of a model developed to explain
abuse in institutions, the researchers found evidence
that the maltreatment of nursing home patients ap-
peared to be a response to highly stressful working
conditions rather than a consequence of the charac-
teristics of the nursing home such as the size or
ownership status of the institution. Staff who were
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younger, who were burned-out, and who experienced
aggression from patients were more at risk of be-
coming abusive toward their elderly patients.

Risk Factors for Elder Mistreatment

Accurate research on risk factors for abuse is critical
for the development of effective screening tools and
intervention protocols, for reducing or eliminating
contributing factors to deter mistreatment, and for
the development of policy for those populations at
heightened risk of mistreatment. As is the case with
incidence and prevalence rates, the risk factor liter-
ature on elder mistreatment is both limited and in-
consistent.

The first wave of research on elder abuse, begin-
ning in the late 1970s, concluded that the typical
victim at risk for abuse was a female over 75 years of
age, with debilitating physical and psychological im-
pairments and dependent upon a family caregiver,
usually a daughter. Research at the end of the 1980s,
based on sounder methodologies, cast some doubt on
these observations and indicated that the situation
was far more complex than was originally presumed.
The focus shifted from the classification of the at-risk
victim to the classification of the perpetrator, and to
profiles of different combinations of victims, perpe-
trators, and types of abuse. In the early twenty-first
century, mounting research evidence emphasizes the
interactive aspects of elder abuse and supports dis-
tinctions between patient-directed, patient-generated,
and mutual abuse.

Two decades of careful research can be distilled
into five major observations. First, several studies,
primarily done in North America, indicated that a
shared living situation is a major risk factor for
abuse, and, conversely, older adults living alone have
the lowest risk of mistreatment. Shared housing and,
in some countries, over-crowded quarters can in-
crease interpersonal contacts and the possibility for
mistreatment. There is the likelihood that there is a
differential role of living arrangement according to
type of mistreatment, but this requires further
investigation. Second, family violence research has
consistently discovered some degree of social isola-
tion in almost all violent situations. Similarly, several
empirical studies in North America and Scandinavia
have found that abused elders were significantly
more likely to have fewer contacts with friends and
family members than were non-abused elders. This
finding was interpreted to mean that there is less
likelihood for violence when an older person has
strong and active family and social ties. The presence
of involved family and friends not only might deter
violent behavior but also could provide additional

support that would modify the caregiver’s sense of
burden and stress. Third, a number of studies have
found higher rates of physical abuse in older adults
with dementia when compared with the abuse rates
in the general older population. Several findings,
however, suggested that dementia itself is not the risk
factor but rather the behavior that results from the
caregiver violence. Fourth, the personality traits of
the perpetrator, also referred to as the intra-indivi-
dual characteristics of the abuser, are based on
observations from a number of studies that discov-
ered that an inordinately high proportion of abusers
had histories of psychiatric illnesses and problems
with drugs and alcohol. Depression appeared to be a
common characteristic, and alcohol the most fre-
quently used drug. Last, several research studies
showed that abusers are more dependent on their
older victims for financial support and for housing
than are comparable groups of non-abusers.

There is only mixed or limited support for the
views that older women are more likely to be abused,
that adult children are the primary abusers, and that
victims show higher levels of aggression. There is
very limited support for the idea that race is a risk
factor for elder abuse. Research has generally failed
to find support for the view that frailty or depend-
ency of the older adult is a risk factor for abuse, and,
most importantly, there has been no support for the
view that greater caregiver stress leads to mistreat-
ment. The only two studies that examined the trans-
mission of intergenerational violence as a risk factor
for elder abuse found no evidence to support this
hypothesis, contrary to research findings on other
forms of family violence.

Theoretical Explanations

Much of the literature on elder abuse does not make
the important distinction between theoretical expla-
nations and the individual factors related to abuse. A
theory provides a general, systematic explanation for
observed facts; in the elder abuse literature, parti-
cular factors, such as stress or dependency, are often
treated as complete theoretical explanations even
though they are only factors and could be incorpo-
rated in any of a number of theories. The specific
relationships between the various factors and elder
abuse form propositions upon which theories are
built. Over the course of the brief history of elder
abuse, different accounts of the relationships among
the factors have led to at least four distinct theoreti-
cal perspectives. Their variations are of particular
import, since each theory determines what actions
should be taken to ameliorate the abuse and neglect.
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The Situational Model

Probably the first and most widely accepted per-
spective is the situational model, which has its roots
in the mainstream perspectives on child abuse and
family violence. The basic premise of the situational
model is that stressful situations cause the caregiver to
abuse the older person, who is usually viewed as the
source of the stress. This approach suggests that mis-
treatment is an irrational response to stressful situa-
tions. The situational variables that this theory links
to abuse include factors related to the caregiver and
the elder as well as social and economic conditions.
Interventions grounded in this perspective attend to
reducing the stress of the caregiver. One major flaw of
this perspective is that it fails to account for the fact
that many caregivers, who experience the same
stresses as abusers, do not mistreat their elderly. The
perspective has also been criticized for being danger-
ously close to blaming the victim, since it identifies
the older person as the source of the stress. As of
mid-20035, there is no support for this theory.

Social Exchange Theory

Social exchange theory is based on the assumptions
that social interaction involves an exchange of re-
wards and punishments between people, and that
all people seek to maximize rewards and minimize
punishments. In most relationships, people have dif-
ferent degrees of access to resources and different
capabilities to provide services to others, which
makes some people more powerful than others. In
the social exchange perspective it is argued that, as
people age, they become more powerless, vulnerable,
and dependent on their caregivers, and it is these
characteristics that place them at risk for abuse.
There are many problems with this perspective, not
the least of which is its basic ageist assumption: peo-
ple do not automatically become dependent and
vulnerable as they age. As noted previously, it is the
abuser’s sense of powerlessness that leads to mal-
treatment. Interventions prompted by a social ex-
change analysis would first have to identify the
dependent party. If the older person was assessed as
the dependent one, then services aimed at increasing
his or her independence would be in order, whereas a
dependent adult child might need help from mental
health services or require vocational training or job
placement in order to become self-reliant.

Social Learning Theory

There is some evidence to suggest that children learn
through observation and participation that violence

is an acceptable response to stress. Having learned
violent behavior, a significant number of children are
violent toward their own children and spouses in
adulthood. This transmission of violent behavior
may be reinforced by a family subculture that accepts
and condones violence. While this a popular hypo-
thesis in the literature on family violence, very few
elder abuse studies have actually found evidence to
support the idea that children who were mistreated
by their parents went on to abuse the parents in later
life. In fact, several studies have clearly found no
basis for the relationship. The small number of stud-
ies of this theory (approx two) indicates that further
research is required to test this hypothesis.

Political Economy Theory

Research has been preoccupied with the abused and
the abuser at the expense of exploring the wider im-
plications of the structure of the economy, the impact
of social policy, or factors that systemically organize
society such as age, gender, race, ethnicity, and class.
All of these societal factors influence people’s posi-
tion in the social structure and their opportunities in
life. Some theorists have focused on ageism as a pos-
sible factor leading to what some consider a weak
political response to elder abuse in various countries
and as one of the factors leading to elder abuse (see
Ageism and Discrimination). For example, older
people can be subject to discriminatory attitudes and
actions that are based on negative perceptions about
their chronological age. Experts have proposed that
such ageist attitudes toward older people may con-
tribute to the development of elder abuse. Miscon-
ceptions and distortions about aging dehumanize
older persons, making it easier for them to be
victimized and easier for the abusers to feel little or
no remorse. At the same time, elderly people may
even view the maltreatment as deserved, since they
too may have adopted society’s negative attitudes.
The feminist models also supply an account of the
structural factors: gender determines a set of posi-
tions in society that facilitate, and even justify, the
abuse of women. Other crucial factors that are
known to influence the aging process, such as race,
ethnicity, and socioeconomic status, are only now
attracting modest attention. As would be expected,
the few investigations that do exist show that elder
abuse is viewed quite differently by different cultures.

Overall, most scholars have realized that there is a
broad diversity in the manifestations of elder abuse
and neglect and have abandoned their search for a
comprehensive, all-inclusive explanation of the phe-
nomena. In the future, new theories of elder abuse
may explain different dimensions of elder abuse and
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neglect, and theoreticians will probably cast their net
wider, including gerontological theories alongside the
family violence theories that have been, so far, the
mainstay of the elder abuse literature. As a conse-
quence, practitioners will have a wider array of in-
terventions at their disposal, which will facilitate the
provision of more effective care for mistreated elders.

Responses to Abuse and Neglect
National Responses to Elder Abuse and Neglect

Efforts to spur social action to eradicate elder mis-
treatment at a national level and to develop national
polices and legislation are at varying stages of growth
around the world. While the United States has
developed a full-blown national response to elder
abuse at the state level that allows for the funding
and reporting of elder abuse and has instituted
at least three national organizations (the National
Center on Elder Abuse, the National Committee for
the Prevention of Elder Abuse, and the National As-
sociation of State Adult Protective Services Admin-
istrators); other countries have been less proactive.

In Australia and Canada, various states and
provinces have created mechanisms for dealing with
elder abuse, but there are no firmly established fed-
eral policies about elder abuse. At the federal level,
both Canadian and Australian national clearing
houses on family violence are maintained, while
New Zealand has run pilot projects across the coun-
try. All three countries have national organizations
dedicated to the amelioration of elder abuse that
were established in the 1990s. In the United King-
dom there is a national body called Action on Elder
Abuse that has stimulated government responses to
elder abuse. Norway has had parliamentary approval
for services and a resource center for research and
information. France, Germany, Italy, and Poland are
at the point of recognizing the legitimacy of elder
abuse and neglect.

The Latin America Committee on Elder Abuse has
been active in drawing attention to the problem
within Latin America and the Caribbean. In Buenos
Aires, the organization Proteger, a government de-
partment, deals exclusively with elder abuse cases
and provides staff with training in gerontology. In
Brazil, the Ministry of Justice, Health and Welfare
supports official training about elder abuse. In Chile,
a law against family violence was passed in 1994 that
clearly addressed abuse of the elderly.

In Asia, there have been several studies by re-
searchers in Japan, India, and the Republic of Korea
about elder abuse and the beginnings of national
organizations to fight the problem.

South Africa established a preventive program on
institutional abuse that was jointly sponsored by the
government and the private sector in 1994, while the
Nigerian Coalition for the Prevention of Elder Abuse
facilitates the meetings of professionals working with
the elderly.

Given this rapid global expansion of activities
on elder abuse, the International Network for the
Prevention of Elder Abuse (INPEA) was formed in
1997 with representations from six continents. Most
recently, the World Health Organization (WHO)
recognized the need to develop a global strategy for
the prevention of elder abuse. Working with INPEA
and HelpAge International, the WHO carried out a
study of eight countries (Argentina, Austria, Brazil,
Canada, India, Kenya, Lebanon, and Sweden) that
used focus groups with older persons in the commu-
nity and health-care workers to explore their views
on elder abuse.

Legal Responses to Elder Abuse

Most countries have not introduced specific legis-
lation on elder abuse. Abuse is often covered under
criminal law, or by laws dealing with property rights,
civil rights, and family violence or mental health, and
varies widely from country to country. In all coun-
tries, however, a key issue is whether and under what
circumstances criminal charges should be filed
against alleged perpetrators. There is a concern as
to whether appropriate assistance and support
services will be made available after authorities have
intervened in a mistreatment case, and considerable
concern as to whether the older person will press
charges, especially against a family member. A few
western countries have introduced special adult pro-
tection legislation at the state or provincial level in
response to the problem of elder abuse and neglect.
The goal of the legislation is to protect the mistreated
person, help the abuser, and marshal health and so-
cial services.

Adult protection legislation has been largely bor-
rowed from child protection legislation, which called
for the mandatory reporting of suspected cases of
abuse. This legislation generally falls into three
categories: (1) adult abuse legislation with manda-
tory reporting; (2) elder abuse legislation with man-
datory reporting; (3) adult or elder abuse legislation
with no mandatory reporting. Adult abuse legislation
is applied to persons over the age of 18, but is often
restricted to those suffering from physical and
cognitive impairments. Elder abuse legislation is di-
rected specifically to older people, usually defined as
individuals over the age of 60 or 65. While all 50
states of the United States have legislation authorizing
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the state to protect and provide services to vulnerable
or incapacitated adults, other countries have been
slower to enact special legislation. For example, in
Canada only five provinces and one territory have
enacted adult protection legislation, while the United
Kingdom and Australia have no provisions at all.

Mandatory reporting, the legal obligation to re-
port cases of elder abuse, is the standard in the
majority of jurisdictions in the United States, in the
Atlantic provinces of Canada, and in Israel. The
obligation is usually imposed on certain individuals,
such as nurses, doctors, the police, and social work-
ers. The purpose of the legislation is to deter elder
abuse and neglect and also to provide a mechanism
for collecting data and monitoring prevalence and
incidence rates. The legislation frequently grants the
reporting individual immunity from civil and crim-
inal liability in order to encourage individuals to re-
port. Failure to comply with mandatory reporting
laws can result in fines, civil liability for damages,
reports to professional licensing boards, and short
jail terms.

The few research studies on mandatory reporting
(all done in North America) have cast doubts on the
contribution the process can make to the prevention
of elder abuse and neglect. Several studies have
shown that cases reported under mandatory pro-
visions were already known to the authorities, im-
plying that there is no significant increase in the
reporting of cases. In contrast, several studies have
shown an increase in the number of cases reported,
but also an increase in the number of unsubstanti-
ated cases. Other studies have shown that the stat-
utes failed to ensure the consistent collection of
information that would aid in the tracking of the
types and extent of abuse and neglect. There is con-
fusing research as to what types of cases mandatory
reporting is likely to uncover. Several studies have
found that mandatory reporting is more likely to be
associated with cases of neglect and self-neglect;
others, however, established that mandatory report-
ing is more likely to be associated with cases of
physical abuse. The few studies that examined the
relationship between mandatory reporting and in-
stitutionalization of the older victim indicated that
mandatory reporting could result in increased rates
of institutionalization of the abused, although con-
tact with protective services was the more plausible
explanation. Finally, the passage of a mandatory re-
porting law does not necessarily mean that those
who are required to report will be aware of the law
or be motivated to comply. The general conclusion
in the research literature is that mandatory reporting
systems in existing jurisdictions need further
investigation as to their effectiveness.

Program Responses

A program provides a blueprint for service delivery,
establishes resources, and coordinates the delivery of
service through government and/or private and public
agencies. Three major programs have emerged in re-
sponse to elder abuse: the statutory adult protection
service programs, programs based on the domestic
violence model, and advocacy programs for the
elderly. A fourth model now appearing in many
communities is the interdisciplinary team model. In-
stitutions have been slow in their responses to elder
abuse, but promising approaches are appearing, at
least in North America. It is not useful to categorize
the various health and social services available to
older persons, since each program ultimately makes
use of them all, depending on need.

Adult Protection Programs The adult protection
legislation provides the legal framework for pro-
tective services for vulnerable adults. The mandated
services are provided in approximately three-quarters
of the states in the United States by special adult
protection units in state social service departments
and, in most of the remaining states, by state units on
aging. In Canada, there are at least three different
models for service delivery, depending on the pro-
vincial jurisdiction. As would be expected, there
are great variations in responses, depending on the
financial commitment of the state and other organi-
zational and political factors.

The legislation confers a wide range of powers of
intervention, which vary from jurisdiction to juris-
diction. The usual procedures for the state or
provincially designated units are to receive reports
of suspected cases of abuse, to screen the cases for
potential seriousness, to conduct an investigation if
mistreatment is suspected, to develop a care plan that
will resolve the abuse, and then to transfer the case to
other community agencies for case management
and the delivery of services. The protective services
program represents a mixture of legal, health, and
social services that allows for the widest array of
interventions and for considerable coordination and
interdisciplinary team work. Many adult protection
workers have had specialized training in the subst-
antive area of elder abuse and neglect. New and
innovative learning initiatives are increasing: for ex-
ample, the creation of a special student training unit
within adult protective services was recently insti-
tuted for the first time in the United States with con-
siderable success.

In recognition of the fact that not all clients
will voluntarily accept protective services, the pro-
tection workers may implement guardianship or
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conservatorship to ensure that the older person re-
ceives the necessary services. Some jurisdictions in
the United States have created special court proce-
dures to secure court orders for protective services,
to place the client in a nursing home, to provide
emergency treatment when the client is in danger,
and to enter a client’s home against the client’s
wishes. Proponents of these wide-ranging interven-
tions argue that the rights of the older person are
always safeguarded; the goal is to enhance the
individual’s level of functioning while protecting
them from injury. They also maintain that because
little can be done for the victim who refuses services
(about 36 to 40% of elders refuse services), only
mandated interventions ensure that the victim re-
ceives at least the minimum help. In addition, such
interventions are limited by prudence: few practi-
tioners are willing to risk intervention unless they are
on solid legal ground.

Those against an enforcement-oriented approach
to service provision dispute these claims. They
observe that the vagueness of the legislation in many
jurisdictions places adult protection workers in a
quandary the moment they try to decide whether
abuse has occurred. It is almost impossible to use
legal powers to force oneself into an older person’s
home and at the same time respect the person’s basic
rights; the protection worker can easily come into
conflict with both the older person and the abuser.
In addition, adult protection workers have been
accused of being ‘trigger-happy’ in placing older per-
sons in nursing homes and in treating older people as
if they were children — an unavoidable occupational
hazard given the child welfare roots of the adult
protection programs.

Domestic Violence Programs The domestic violence
model for program delivery is an adaptation of the
programs that have been instituted to combat woman
abuse. This approach is gaining momentum in North
America, because it does not violate people’s civil
rights, nor does it discriminate on the basis of age.
The domestic violence response to elder abuse
involves crisis intervention services, such as telephone
hotlines; a strengthened role for police when pressing
charges; court orders for protection; the use of legal
clinics, emergency, and secondary sheltering; support
groups for both the abused and the abuser and
individual and family therapy; and the use of a whole
range of health, social, and legal services. An integral
component of domestic violence services is public
education, especially the education of the abused
about their rights. Almost all of these services have
been adapted specifically for elder abuse victims, and

sometimes for their abusers. For example, existing
shelters have been modified to accommodate older
abused women, and new shelters have been estab-
lished to accommodate both men and women. Along
with shelters, there are support groups, hotlines, spe-
cial legal clinics, and family and individual counseling
programs. An example of each type of service can be
found in North America; however, most attempts at
service delivery have been scant and sporadic and
have shown little evidence of coordination. Whether
the model is effective in helping the older victim is
still a moot question.

The domestic abuse model is not without its crit-
ics, who quickly point out that the flaws in the model
equally apply to elder abuse. Problems with police
response, restraining orders, poorly managed shel-
ters, and the shortage of follow-up services are but a
few of the issues. Gerontologists have also cautioned
against the singular use of crisis intervention, since
older persons’ problems tend to be multiple and in-
terrelated, take a long time to solve, and need to be
monitored closely. They also have drawn attention to
the inadequacy of the model when applied to cases of
neglect. Police intervention or education about rights
are inappropriate in the face of family or self-neglect.

Advocacy Programs Advocacy includes all actions
performed on behalf of an individual or group in
order to ensure that their needs are met and their
rights are respected. Like the domestic violence
model, this approach recognizes that the older per-
son is an adult in a potentially dangerous situation.
Advocates for the abused use the least restrictive and
intrusive interventions into the older person’s situa-
tion. In practice, advocates advise clients of their
rights and the alternative services available, and they
can assist them in carrying out agreed-upon plans.
The most important feature of the advocacy model is
the advocate’s independence from the formal delivery
systemy; this distance allows the advocate to establish
a positive relationship with the older person. Formal
and informal advocacy programs are used in a
number of states and provinces in the United States
and Canada; they operate in the community or in
institutions and nursing homes. Although advocacy
may appear to be non-intrusive, some social scien-
tists have suggested that, in practice, it can be quite
intrusive, especially if the advocate is immune from
liability and is not accountable.

The Multidisciplinary Team Model An observable
trend at the community level has been the develop-
ment of multidisciplinary teams made up of workers
from a broad array of agencies that represent all of
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the programs described previously. These commu-
nity-based teams or committees provide consultations
on atypical and difficult cases of abuse, help to
resolve agency disagreements, identify system im-
provements, and provide services, such as legal and
medical consultations not readily available in the
community. In some instances specialist teams have
been developed, such as the financial abuse specialist
teams (FASTs) to investigate financial abuse and the
fatality review teams to review deaths brought about
by elder abuse and to determine how to prevent fur-
ther deaths from abuse. Initial assessments of this
approach have been very positive: service providers
become familiar with one another, resources are
organized and dispersed in a single initiative, and
more comprehensive care plans are produced. The
main drawback reported by team members is that the
committees spend more time per case than profes-
sionals acting alone.

Residential Care Facilities While residential care
settings in most countries are subject to different
regulations and enforcement strategies such as un-
announced regulatory visits, video recorders in key
locations, and ombudsmen, several avenues for in-
tervention have been identified to prevent institu-
tional maltreatment. Interventions that address
hiring and the supervision of staff, staff training,
and staff skill development, including the problems
of burnout and the creation of specialized treatment
programs for the abused in an institution, could serve
as the basis for managerial initiatives. To date,
however, there are few programs and very little re-
search as to what is effective.

Services

It is evident from the literature that the services
already available to older persons provide the bulk of
the resources used in response to elder abuse, regard-
less of what approach is utilized, and that new or
uniquely designed services are not always required.
Most elder abuse practitioners face difficulties in ac-
cessing limited resources, especially in critical emer-
gency situations, and they must deal with the
challenges of coordination and collaboration in the
existing patchwork of services. They also must deal
with the reality that there is a paucity of well-
researched intervention studies to inform the identi-
fication and management of elder mistreatment.

See also: Ageism and Discrimination; Caregiving and
Caring; Health Care and Services.
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Glossary

Accelerated Aging — Characteristic of animals in
which the first inflexion on the mortality curve
occurs at the same age as in wild-type individuals,
but whose mortality after that point occurs at a
faster rate.

Free Radical Hypothesis — Proposes that aging is the
result of damage to macromolecules, including
DNA, occurring because of continuous exposure
to free radical species, primarily reactive oxygen
and nitrogen species (ROS and RNS, respectively).

Mutation Hypothesis — Proposes that aging is the
result of irreparable and irreversible damage to
DNA, by whatever means the damage might occur.

Premature Aging — Characteristic of animals in
which the first inflexion on the mortality curve
occurs earlier than in wild-type animals, but the
mortality after that point occurs at a normal rate.

Progeria — A disease causing premature appearance
of a significant number of age-associated pheno-
types, and usually leading to premature death.

Progeroid — A disease causing premature appearance
of a significant number of age-like phenotypes, and
usually leading to premature death.

Introduction

In the last few years, much knowledge about aging
has been gained from the study of genetically altered
organisms, ranging from yeast to mice. Most of the
progress has been made by focusing on long-lived
mutants, which has allowed the identification of
several longevity assurance genes (LAGs). Recently,
there have been a handful of publications extolling
the virtues of short-lived mutants. These are much
more controversial, but when analyzed carefully, they
may be just as informative as the long-lived ones.
This article describes some of these mutants and dis-
cusses their potential uses and pitfalls. The discussion
is limited to mice, for which there is enough path-
ological data, and the mutants are divided into three
(subjective) categories: (1) mouse models of segmen-
tal progeroid syndromes, (2) mice created to prove

or disprove a given hypothesis of aging, and (3) mice
that display apparent acceleration of the aging pro-
cess, but that were created without that expectation
in mind.

The golden rule of genetic models of aging (see
Models of Aging: Vertebrates) is that experimental
manipulations that result in an extension of health
span are likely to be more informative about the aging
process than those that reduce life span (Figure 1).
This argument is difficult to dispute. However, this
article brings forth the argument that short-lived
mutants can also be very informative about the aging
process, if used and analyzed judiciously. Of course,
judiciousness is also a must when dealing with
long-lived mutants, since not all longevity-prolonging
manipulations are necessarily informative to the aging
researcher. Nevertheless, it is recognized that this is
even more true in the case of short-lived mutations or
manipulations, since many genetic alterations will re-
sult in shortened life spans, or even mortality in utero,
without being informative about the aging process.
In fact, most alterations will not be informative.
However, in a few cases, it can be argued that such
mutants could indeed be useful, as long as the short
life span is accompanied by an earlier or faster ap-
pearance of a significant subset of the pathologies and
age traits characteristic of the species in question. This
precludes the use of an important part of the bestiary
currently used in aging research, since in the case
of Drosophila melanogaster, Caenorhabditis elegans,
yeast, and other such lower species, we lack sufficient
knowledge of their pathology and causes of death,
and thus, it becomes impossible to ascribe the short
life span of any given mutant to true age-related phe-
nomena. However, in the case of mice, humans, and
other higher vertebrates, the pathology and causes of
death are better understood, and thus, the use of
mutants with shorter life spans becomes a possibility.
For the rest of this article, the discussion is limited
to genetically modified mouse models, and although
very relevant to aging research, the focus is on models
that are believed to affect the aging process as a
whole, and not the development of specific diseases,
even if they are age dependent, such as Alzheimer’s or
Parkinson’s.

There are three main categories in which short-
lived genetic variants might be useful for understan-
ding the phenomenon of aging (Table 1). First, mouse
models of human progerias allow investigators to
dissect the molecular mechanisms behind the disease
phenotype. There is an argument about whether or
not human progeroid syndromes are informative of
normal aging, and in that sense, the mouse models
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Figure 1 The golden rule of genetic studies of aging. Genetic manipulations believed to affect the aging process usually begin by
measuring a surrogate marker of aging, namely, time of death. By measuring survival of a cohort as a function of time, a curve can be
drawn from which the mean (50%) and maximal survival (often 10%, but in many cases, the actual longevity of the record holder is
reported) can be derived. Mutants that increase both mean and maximal life span have traditionally been automatically considered to be
informative of the aging process. Short-lived mutants (broken lines) can be of two types: accelerated aging occurs when the slope of the
mortality curve is increased, while premature aging occurs when the curve is displaced to the left without changing the slope. Of course,

mixed phenotypes can also be observed.

represent a circular argument. However, most re-
searchers agree that useful information can be
derived from these studies, and the mouse models
at hand generally confirm this suspicion. Second,
several mouse models have been produced in order
to test a particular hypothesis of aging. While such
mutants might not represent the final answer (and
theories of aging have been historically hard to com-
pletely dismiss), it is reasonable to suspect that in this
case, short-lived mice should be as informative as
long-lived ones. Third, there are a few mice in which
an accelerated aging phenotype was not expected,
yet was observed. To the extent that these can be
validated, they are probably the most exciting
models.

Mouse Models of Human Segmental
Progerias

In 1979, George Martin coined the term segmental
progerias to define a series of pathologies character-
ized by shortened life spans, but most importantly,
accompanied by a plethora of early signs of aging,
both externally and at the pathological level (see

Premature Aging). The relevance of these diseases to
the study of aging has been challenged, primarily
because of the segmental nature of the phenotypes.
Conversely, it can be argued that this segmental fea-
ture is precisely what makes the models particularly
useful, as it allows the dissection of some of the many
components that together comprise the complex
aging phenotype. Furthermore, the segmental argu-
ment also applies to simple models that are either
primarily postmitotic (C. elegans, Drosophila) or
unicellular (yeast). The effects of individual genes on
longevity must by necessity also be segmental in these
cases, since it is extremely unlikely that all features
of vertebrate aging can be reproduced in a model
organism that either does not contain replicative
cells or is unicellular. Furthermore, as is true for all
models to be discussed here, it is highly unlikely that
aging is controlled by a single or even a small handful
of genes. Thus, it is to be expected that specific muta-
tions might have segmental effects, thus affecting
some of the aging phenotypes, but not all. And yet,
most researchers will agree that models of increased
longevity have been very useful, and their usage has
outlined the importance of several pathways (the IGF
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Table 1 Short-lived mouse models with possible relevance to aging research

Model Gene Function Median life span  Reference
(% of wt)?
Terc™’~ G5-G6° Telomerase Telomere maintenance 75 Blasco et al., 1997
Terc™’~ xWm~’~ G3  Telomerase+ Wm DNA helicase 45 Chang et al., 2004
Terc™’~ x ATM~/~ G3 Telomerase+ATM DNA damage sensor 50 Wong et al., 2003
Terc™’~ xWm~’'~ x Telomerase+ W+ ATM DNA helicase, DNA damage 30 Du et al., 2004
ATM~/~ G3 sensor
LmnAL53F Lamin A Nuclear architecture 20 Mounkes et al., 2003
PolgA™! DNA polymerase y Mitochondrial DNA synthesis 45 Trifunovic et al., 2004
MsrA=/~ Met sulfoxide reductase Repair of oxidized proteins 60 Moskovitz et al., 2001
Xpd™™P X pigmentosa gene D DNA repair (NER) 50 De Boer et al., 2002
Kug6~"~ Ku 86 DNA repair (NHEJ) 35 Vogel et al., 1999
p53+/™m p53 Checkpoint, apoptosis, 80 Tyner et al., 2002
senescence
p44 p53 Checkpoint, apoptosis, 30 Maier et al., 2004
senescence
k=~ Klotho Hormone 35 Kuro-O et al., 1997
SAM Unknown Unknown Variable Takeda et al., 1981

@ Approximate, as a percent of wild type for the strain.

G, generation.

References: Blasco M, et al. (1997) Telomere shortening and tumor formation by Mouse cells lacking telomerase RNA. Cell 91: 25-34;
Chang S, et al. (2004) Essential role of limiting telomeres in the pathogenesis of Werner syndrome. Nature Genetics 36: 877-882; De
Boer J, et al. (2002) Premature aging in mice deficient in DNA repair and transcription. Science 296: 1276—-1279; Du X, et al. (2004)
Telomere shortening exposes functions for the Mouse Werner and Bloom sindrome genes. Molecular and Cellular Biology 24: 8437—
8446; Kuro-O M, et al. (1997) Mutation of the mouse klotho gene leads to a syndrome resembling ageing. Nature 390: 45-51; Maier B,
et al. (2004) Modulation of mammalian life span by the short isoform of p53. Genes and Development 18: 306—-319; Moskovitz J, et al.
(2001) Methionine sulfoxide reductase (MsrA) is a regulator of antioxidant defense and lifespan in mammals. Proceedings of the
National Academy of Sciences U S A 98: 12920—12925; Mounkes LC, et al. (2003) A progeroid syndrome in mice is caused by defects in
A-type lamins. Nature 423: 298-301; Takeda, et al. (1981) A new murine model of accelerated senescente. Mechanics of Ageing and
Development 17: 183—-194; Trifunovic A, et al. (2004) Premature ageing in mice expressing defective mitochondrial DNA polymerase.
Nature 429: 417-423; Tyner SD, et al. (2002) p53 mutant mice that display early ageing-associated phenotypes. Nature 415: 45-53;
Vogel H, et al. (1999) Deletion of Ku86 causes early onset of senescence in mice. Proceedings of the National Academy of Sciences U S
A 96: 10770-10775; Wong KK, et al. (2003) Telomere dysfunction and Atm deficiency compromises organ homeostasis and accelerates

ageing. Nature 421: 643—-648.

pathway and sirtuins, for example), as well as the
importance of stress resistance to longevity. Impor-
tantly, further experimentation has shown the val-
idity of several of these observations in higher
vertebrates including mice. In these examples, there-
fore, the segmental argument loses its validity.
There are multiple diseases that, to varied extents,
can be classified as segmental progerias, and recent
research has identified the culprit genes in most
of them (Table 2). In all cases, they turned out to be
genes involved in nucleic acid metabolism, thus len-
ding strong support to the so-called mutation hypo-
thesis of aging. The most dramatic is childhood
progeria, or Hutchinson-Gilford syndrome (HGS). In
this case, the mutation affects the structural nuclear
envelope protein Lamin A (LmnA), and the defective
processing of this molecule leads to significant
changes in nuclear morphology and function. Thus,
cells from these patients are very prone to apoptosis
and are also resistant to immortalization by telo-
merase. Accordingly, affected children die in their
early teens, usually of cardiovascular disease. A

mouse model of defective LmnA shows a comparable
extremely short life span as well as a considerable set
of age-related diseases and phenotypes (Table 3).
Thus, even though the mutation present in this
mouse is not exactly the same as in HGS, the mouse
does recapitulate many aspects of this most dramatic
progeria. Several laboratories have produced true
HGS mice, but their characterization is still very in-
complete and unpublished.

Mouse models of several other progeroid syndro-
mes, including Werner, Bloom, ataxia telangiectasia,
and several members of the xeroderma pigmentosa
pathway, have also been produced. Interestingly,
with the exception of the Xpd''™® mouse (a model
for the disease trichothiodystrophy [TTD], discussed
later), all of the others failed to present any pheno-
type, including accelerated aging. At least in the case
of Wrn, Blm, and Atm, the cause for this lack of
phenotype has been established after further scrutiny.
Both Wrn and Blm code for DNA helicases, while
Atm plays a critical role in the activation of the stress
response after DNA damage (Table 1). All three
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Table 2 Human progeroid syndromes, their genes, and corresponding mouse models

Syndrome Gene Mouse model Median life span® Reference

Werner Wrn Terc™'~ x Wm~/~ G3 67/45 Chang et al., 2004
Bloom Bim Bim~/~ 33/Embryonic lethal Chester et al., 1998
Hutchinson-Gilford LmnA LmnA-239F 17/20 Mounkes et al., 2003
Ataxia telengactasia ATM Terc™'~ x ATM~/~ G3 35/50 Wong et al., 2003
Xeroderma pigmentosa XP A-G XPDT™P 5/50 De Boer et al., 2002
Cockayne syndrome CSA, B CSA~/~ CSB~/~ 65/100 Lu et al., 2001

@As percentage of wild type. Human/mouse model.

References: Chang S et al. (2004) Essential role of limiting telomeres in the pathogenesis of Werner syndrome. Nature Genetics 36:
877-882; Chester N et al. (1998) Stage-specific apoptosis, developmental delay, and embryonic lethality in mice homozygous for a
targeted disruption in the murine Bloom’s syndrome gene. Genes Dev. 12: 3382—-3393; Mounkes LC et al. (2003) A progeroid syndrome
in mice is caused by defects in A-type lamins. Nature 423: 298-301; Wong KK et al. (2003) Telomere dysfunction and Atm deficiency
compromises organ homeostasis and accelerates ageing. Nature 421: 643-648; De Boer J et al. (2002) Premature aging in mice
deficient in DNA repair and transcription. Science 296: 1276-1279; Lu Y et al. (2001) Disruption of the Cockayne syndrome B gene
impairs spontaneous tumorigenesis in cancer-predisposed Ink4a/ARF knockout mice. Mol Cell Biol. 21: 1810-1818.

proteins are at least partially found in association
with telomeres, and it was therefore surmised that the
lack of a phenotype might be due to the excessively
long telomeres present in mice, as compared to
humans. Interestingly, like the others just mentioned,
Terc '~ mice also failed to show any immediate
phenotype. However, upon repeated cross-breeding,
Terc '~ mice did show accelerated age-related path-
ology and shorter life spans, albeit at the fifth or sixth
generation, supposedly because their telomeres had
been humanized by shortening (Table 3). By cross-
ing Wrn='~, Blm ', andlor Atm '~ mice with
Terc~'~ mice, the resulting double and triple animals
did display accelerated aging phenotypes at much ear-
lier generations (usually the third), and furthermore,
some of the phenotypes observed were not present
even in later generation Terc /™ mice. These data in-
dicate that mutations in these genes can indeed give
rise to an accelerated aging phenotype, as long as
the telomeres are not excessively long. The data also
suggest that the proteins participate in protecting cells
from the effects of dangerously short telomeres.
Werner is the best characterized of the hu-
man progeroid syndromes, and so are the
double (Wrn '~ x Terc™'~) and triple (Wrn '~ x
Atm '~ x Terc '~ ) knockout mice, so the rest of the
discussion will focus on these models and how they
have demonstrated their usefulness in aging research.
Mutations in the Wrn gene lead to two major effects:
a mutator phenotype (given primarily by stalling at
replication forks) and accelerated cellular senescence.
Clinically, Wrn patients show a rather dramatic skin
atrophy phenotype in the presence of a normal im-
mune system (see Premature Aging). Further ana-
lysis indicates that while the mutator phenotype of
Wrn~'~ is observable in both skin fibroblasts and T
lymphocytes, accelerated senescence is observed only
in fibroblasts, not in lymphocytes, which have higher

telomerase levels, at least in young individuals. These
observations suggest that cell senescence, rather
than mutations, might be more closely related to
the agelike phenotype of the skin of Wrn patients,
but further confirmation is difficult in the absence
of a tractable genetic model of the disease in a lower
organism. Thus, the mouse models have helped: fibro-
blasts from Wrz '~ mice (which, as we have seen,
do not show any pathology) do not show prema-
ture cellular senescence either. In contrast, fibroblasts
derived from third-generation Wrn =/~ x Terc™'~
mice (which do show age-related pathology) do un-
dergo premature cell senescence and are also more
sensitive to apoptosis. In fact, both of these pheno-
types have also been observed in wvivo in later
generation double- or triple-mutant mice. These
observations further confirm that it is cellular senes-
cence (or at least a DNA transaction occurring at
telomeres) that is responsible for the observed pheno-
types. It should be pointed out that conversely, Wrn
patients suffer from other pathologies that are not
age related, such as increased mesenchymal tumors,
rather than the epithelial tumors most commonly
found among the elderly. This effect might be the
result of the mutator phenotype of Wrn '~ cells.
Such an explanation would predict that in a normal
subject, the Wrn protein might protect the mesen-
chymal cells more efficiently than the epithelial cells.
Taken together, these observations suggest that (1)
the DNA transactions that involve Wrn, Blm, and
Atm are most relevant at the level of the telomeres,
(2) telomere biology indeed seems to be important in
aging, as previously suggested by research on cellular
senescence, and (3) the lack of a phenotype in the
earlier generation mice, or in mice with wild-type
Terc, suggests that the mutator phenotype conferred
by mutations in proteins such as Wrn is not relevant
for aging.
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Mouse Models that Test Hypotheses of
Aging

The field of aging has been prolific in producing theo-
ries that are elusive to prove, but also difficult to
disprove. Genetics provides a powerful means to test
hypotheses, and such an approach has indeed been
used by researchers in the aging field. In simple terms,
if a gene or a process is hypothesized to play a role in
aging, then overexpression of that ‘bad’ gene should
result in accelerated aging, while knocking the gene
out or inactivating it should result in increased
longevity and/or less age-related disease. Of course,
the opposite is true for a ‘good’ gene.

Two of the most pervasive theories of aging are the
free radical hypothesis and the mutation hypothesis.
To an extent, these are intimately connected, because
one of the central tenets of the free radical hypothesis
is that free radicals, produced either intrinsically or
extrinsically, will ultimately damage the DNA, lea-
ding to some nebulously explained molecular cata-
strophe that results in tissue deterioration, disease,
and finally death. Both of these theories have been
tested rather extensively in mouse models. Most no-
tably, with the possible exception of mitochondrial-
directed catalase, overexpression of several enzymes
involved in scavenging free radicals failed to provide
an extension of life span, as did the overexpression of
enzymes involved in DNA repair. The proponents of
these theories offer many arguments to explain these
disappointing results, including an already available
overabundance of protection against free radicals,
or the enormous complexity and potential for func-
tional redundancy in DNA repair systems. Some of
these arguments might be true, and some researchers
have therefore turned to the opposite approach: dele-
tion of these protective and/or repairing genes should
produce a shorter life span.

Testing the Free Radical Hypothesis of Aging

More than 40 years ago, Clark and Rubin showed
that radiation leads to a shortening of the life span.
This is a manipulation that in many respects is akin
to a genetically short-lived mutant mouse. However,
instead of being dismissed as irrelevant to aging, such
experiments spawned what is currently the most
accepted hypothesis of aging: the free radical hypo-
thesis. The hypothesis was originally proposed by
Denham Harman in 1956. It predicts that aging
results from the accumulation of damage to macro-
molecules produced by reactive oxygen species (ROS)
or other free radical species. ROS are produced
both intrinsically, primarily in the mitochondria and
the plasma membrane, and extrinsically, by reactive
compounds present in the diet and the environment.

Because of their enormous potential for damage,
cells have evolved powerful means of neutralizing
free radicals, primarily through scavengers, both
cellular and from the diet. The best characterized
cellular ROS scavengers are the superoxide dis-
mutases (SODs). Because most of the free radical
generation appears to arise from mitochondrial res-
piration, and both free radicals and their associated
damage appear to increase with age, much effort has
been focused on the mitochondrial MnSOD. Overex-
pressing the enzyme did not result in an extension of
life span, and the knockout is embryonic lethal. Thus,
further studies have been done on heterozygous
mice. These animals indeed display a 50% reduction
in MnSOD activity, without a compensatory upregu-
lation of other scavengers, including the peroxysomal
Cu/ZnSOD, catalase, or glutathione peroxidase,
Gpx. They show increased ROS production in several
tissues analyzed, and this does indeed lead to in-
creased oxidative damage to both nuclear and mito-
chondrial DNA and to lipids, as well as increased
pathology (primarily cancer). Surprisingly, however,
the mice displayed absolutely no changes in life span.
Similar results have been observed for Gpx ~/~ mice.
Together with the data on SOD and catalase overex-
pression, these data strongly question the validity of
the free radical hypothesis of aging, and in this case,
it is the lack of a short-lived mouse model that
proved to be informative. However, there is a mouse
that has a defect in a gene related to free radicals and
that is short lived: the MsrA =/~ mouse (methionine
sulfoxide reductase knockout; see Table 1). This
mouse appears to be significantly short lived, though
the survival study lacked enough statistical power to
be conclusive. MsrA is not involved in scavenging
free radicals; rather, it reverses the damage that
these compounds produce in proteins. Many proteins
have an abundance of methionines exposed in their
surface, and because all cells have MsrA, which can
reverse the oxidative damage caused by ROS on this
particular amino acid side chain, this might represent
a last line of defense against ROS. If this mouse
can be shown to be short lived, it would rescue the
free radical hypothesis of aging, but based on all
other data available, the hypothesis would need to be
revisited.

Testing the Mutation Hypothesis of Aging

The mutation hypothesis of aging assumes that aging
is the result of progressive accumulation of damage
to DNA, eventually resulting in loss of tissue func-
tionality and the aging phenotype. The hypothesis
implies the importance of defense mechanisms in
attaining a long life, and indeed, many long-lived
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mutants in several animal models are character-
ized by an increased ability to withstand stress.
An emerging generalization is that the ability to
either defend the organism against stress or repair the
damage effectively after it is produced is a central
feature of long-lived individuals, be it at the level
of mutants within a species or at the level of com-
parative biology (i.e., comparison of different species
with different life spans). A corollary to this observa-
tion is that no specific damage can be blamed directly
for the age-related decline. Rather, any damage, if
not repaired, will do it.

Several mice with reduced DNA repair mecha-
nisms have been produced. Most of these animals
display no change in life span. Among them, most
relevant are the Xpa ~'~ and Xpc '~ mice, because
a closely related family member, Xpd, does produce
an accelerated aging phenotype when mutated (see
later). All Xp proteins are involved in base excision
repair, and in some cases, their mutation leads to the
segmental progeroid syndrome, xeroderma pigmen-
tosa, or to trichothiodystrophy (TTD), also charac-
terized as a segmental progeria. Xpd is primarily
involved in transcription coupled repair, a subclass
of base excision repair, and it has been proposed that
it is this activity that is mainly affected in the mutant
mice. A similar situation applies to genes involved in
nonhomologous end joining repair (NHE]) of double
strand breaks. This pathway involves several pro-
teins, including Ku70, Ku86, Xrcc4, and DNA ligase
IV. Of these, only Ku86 ~/~ mice display premature
aging, but such a phenotype has not been observed
in any of the other mutants, in spite of the fact that
all these mice display premature cellular senescence.
Clearly, all of these mice need to be investigated
further, maybe in conjunction with Terc '~ mice, as
has been done in the case of Wrn, Atm, and Blm.

As mentioned previously, however, there are two
exceptions that deserve discussion, the Xpd™™ and
the Ku86 ~'~ mice. In both of these cases, the mice
live shorter than wild-type controls (significantly so
in the case of Ku86 ~/~ and only marginally in the
case of Xpd ™). Most importantly, the mice display
several symptoms of premature aging, including
small size, lordokyphosis, and skin and bone defi-
ciencies (see Table 3). Thus, like in the MsrA ~/~
mice, the data suggest that under certain circum-
stances, failure to repair DNA damage can indeed
lead to premature aging.

At first glance, the general inability to obtain
short-lived mutants when DNA repair pathways are
incapacitated suggests that damage to DNA might be
important in certain pathologies, such as cancer,
but irrelevant to aging. An alternative possibility is
that the integrity of the genome is so important that

sufficient defense mechanisms are in place, so
that elimination of any repair pathway is efficiently
corrected by a backup mechanism. However, in
several of these strains, significantly increased levels
of DNA damage (up to 30-fold) have been observed,
an observation that weakens this second propo-
sition. Similarly, mice that have reduced free radical
defense mechanisms, such as Sod2 "/ ~, Car~'~, and
Gpx ~'~, show increased levels of DNA damage but
no effect in life span. In contrast, the short life
span of the MsrA =/~ mice, defective in an enzyme
responsible for repair of oxidatively damaged pro-
teins, suggests that it is not the ROS-driven damage
to DNA that causes a shortened life span but, rather,
the damage to proteins. This is contrary to firmly
entrenched current beliefs, but the data can be har-
monized by proposing that it is not damage per se
that causes aging, but damage to specific proteins
that can act as sentinels and induce a cellular
response that is at the center of the action. Some
possible targets have been proposed, such as mito-
chondrial cis-aconitase, but experimental testing is
still lacking.

One other mouse model that was produced with
the intent of testing a hypothesis of aging is the
PolgA™"* mouse. These animals express a proofread-
ing deficient form of the nuclear encoded catalytic
subunit of mitochondrial DNA polymerase. As
expected, the mice suffer a severe increase in mito-
chondrial DNA mutations (3- to 5-fold), and indeed,
the mice are significantly short lived and display an
early onset of age-related phenotypes (see Table 3).
This model suggests that unrepaired DNA damage
can indeed affect the process of aging, and since
the affected DNA is the mitochondrial genome, it
neatly links mitochondrial-derived ROS to the
DNA damage hypothesis. The discrepancy with
other models of DNA repair prompts two alternative
explanations: (1) it is the mitochondrial (but not the
nuclear) DNA that is important for the aging pro-
cess, or (2) the redundancy of the repair machinery
available in the nucleus (but not the mitochon-
drion) prevents the other mice from developing a
phenotype. As discussed earlier, the fact that most of
these mice do display vastly increased levels of DNA
damage argues against the second hypothesis, and
thus the mitochondrial DNA emerges as a strong
candidate.

In summary, mice produced with the purpose of
testing specific theories of aging have yielded mixed
results. Because the research has been hypothesis
driven, well-done experiments are informative even
if a short-lived mouse is not obtained. Indeed, the
inability to obtain such mice informs us about the
validity of the hypothesis, and the negative result, if
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well obtained, begs for a revision of the hypothesis in
order to properly accommodate the data.

Mouse Models with an Unexpected
Accelerated Senescence Phenotype

In 2002, a paper by Tyner et al., showed that a
serendipitously obtained p53 mutant in mice, dubbed
p53+/m confers a shorter life span accompanied
by a considerable premature aging phenotype that
includes the usual small body size, lordokyphosis,
and skin and bone deficiencies, as well as several
other symptoms of aging (see Table 3). The mouse
was obtained by a fortuitous incorrect recombination
event that led to the deletion of several genes up-
stream of p53, but most notably, it also produced a
deletion of the amino terminus of the p53 protein,
which contains the transcriptional activator domain.
The truncated carboxyl fragment contains the poly-
merization domain, and thus, it is expected to form
heterotetramers with wild-type p53. In fact, the m
mutation only produces the phenotype in the pres-
ence of a wild-type p53, suggesting that it is the
heterotetramers that are the active species. p53 is
a very important tumor suppressor and regulator of
cell fate. In response to DNA damage, p53 activation
leads to a cell cycle arrest that gives the cell a
chance for repair. If that does not occur, then p53
can induce one of two pathways that remove the
affected cell from the potentially proliferating pool:
it can induce either apoptosis or cell senescence,
two well-described mechanisms of tumor suppres-
sion. Accordingly, overexpression of p53 results in
a reduced tumor burden, while mice heterozygous
for this gene display a dramatic increase in tumors
(and a correspondingly short life span). Most surpri-
singly, the 7 allele of p53 also reduces tumor inci-
dence (to 6%, from the 45% observed in wild-type
mice), but instead of living longer, they live shorter
(by 20%) and display accelerated aging. Thus, the
mutant appears to act as a hypermorph, increasing
the basal activity of wild-type p53. In fact, there
is precedence for this, since it has been shown that
the p53 mRNA can give rise to two different pro-
teins, p53 and p44, the second being the product of
an alternative initiation site for translation, located
at an AUG in the fourth exon. p44 has been shown
to act as a hypermorph, and mice expressing this
alternative protein (in addition to the wild-type p53)
have been produced. Like the 72 mutation, these mice
also display a shortened life span, accompanied by a
plethora of age-related characteristics. Because p53
is involved in cell proliferation, apoptosis, and cell
senescence, it was interesting to ascertain the causes
for the small size of the animals, a non-aging-related

feature common to all accelerated models that might
also give a clue as to the causes of early death. In
both strains of mice, it was found that several tissues
show early atrophy. This is not due to a smaller
size of the existing cells; rather, the tissues display a
reduced cellularity. Furthermore, embryonic fibro-
blasts from p53 /™ mice display premature senes-
cence and a decrease in the growth burst usually
observed during the first passage in vitro. Together,
the data suggest that the accelerated aging pheno-
type might be related to the decreased cellularity in
a variety of organs, as well as decreased regenera-
tive ability. Consequently, it has been hypothesized
that this might be due to p53’s ability to reduce cell
proliferation, particularly in the stem cell niche, and
indeed, the p53 /™ mice display a reduced number
of hematopoietic stem cells, even at an early age.

While the hypermorphs seem to accelerate aging,
simple overexpression of p53 does not. The so-called
super p53 mice do indeed show an increased resist-
ance to tumors, but they do not live shorter (or
longer, for that matter). It has been hypothesized that
the reason for this difference lies in the pulsatility
of p53 gene expression. In response to a genotoxic
stress, p53 is rapidly induced and rapidly turned
off. This mechanism is still in place in super p53
mice, which were generated by insertion of large
BACs supposedly containing all relevant regulatory
elements normally present in the p53 locus. Thus,
super p53 mice contain a supernumerary normal
allele, capable of normal but increased pulsating
activity. In contrast, it is possible that the presence
of hypermorphic variants in both the 7 and the p44
models leads to a stabilization of active p53 tetra-
mers, resulting in a sustained response. This inability
to turn off the signal might be what leads to the
decreased longevity, since all cells in the animal are
exposed to high levels of p53 activity even after
the genotoxic assault has subsided. As mentioned,
both p53~'~ and p53 "'~ mice live shorter, but
their increased tumor burden (and death from these
tumors) makes them poor models of aging. However,
a similar argument can not be made for the p53™ "
or the p44 mice. It will be interesting to learn what
these mice can teach us about cellular homeostasis
and its relation to normal aging.

Accelerated Aging in Mouse Models with
Less Defined Genetics

In addition to the models described previously, there
are at least two additional models of premature aging
in mice, in which the functionality of the gene res-
ponsible for the phenotype has not been positively
identified. These are the klotho mutation and the
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senescence accelerated mice (SAM). Mice born with
the autosomal recessive mutation klotho live less
than 100 days and display several age-related char-
acteristics (Table 3). Conversely, overexpression of
klotho in mice extends life span. The mutated gene
has been cloned, and a recent report indicates that
its product functions as a circulating hormone that
binds to a cell surface receptor and represses the in-
tracellular signals derived from insulin or IGF1.
SAM mice are actually a group of several inbred
strains, developed from AKR/J mice and selected
for accelerated senescence. It has been proposed that
these mice might represent better models for pro-
gerias than for normal aging. Each strain displays a
unique but reproducible subset of aging phenotypes,
affecting different organs and functions. In none of
them has the culprit gene(s) been identified, although
microsatellite marker analysis has indicated the pres-
ence of four loci that appear linked to the senescence
acceleration. Because the onset of senescent pheno-
types is not significantly earlier than controls, these
mice appear to represent a model of accelerated se-
nescence rather than premature senescence, as in the
case of the human diseases Werner or Hutchinson-

Gilford.

Conclusions

Several short-lived mouse strains have been devel-
oped recently. The important questions are the fol-
lowing: Are they useful models for studying aging?
What can we learn from these mouse models? (Or,
perhaps, what have we already learned?) Several
researchers have argued that these models are not
useful, because there are a myriad of ways of short-
ening life span without affecting the aging process,
and thus, it is extremely difficult to select which ones
might be informative from among all these short-
lived mice. In contrast, it is often argued or assumed
that, for an organism to live longer than the average
of the species, the entire aging machinery needs to be
modified. Thus, the argument goes, mutations that
increase life span must be informative of the aging
process as a whole. This is obviously a fallacy. In
captivity, the life span of female fruit flies is limited
by the accumulation of toxic byproducts present in
the male’s seminal fluid. Restriction of intercourse or
genetic manipulations that decrease such toxicity
would greatly increase the life span of female flies,
but such manipulations are utterly uninformative
about the process of aging. Thus, similar caution is
required on both ends of the spectrum, though it is
conceded that more caution is required in the case of
short-lived models.

One subject that has not been brought up in the
previous discussion is the Gompertz curves. It has
been frequently argued that mutations that alter life
span in any way must conform to Gompertzian
traits. That is, the slope of the mortality curve (which
represents the age-specific mortality) must be affec-
ted in order for the model to be called a true model
of accelerated aging. Not all researchers agree with
this criterion, and indeed, the Gompertz equation
accepts as valid only those models that display ac-
celerated aging, but it precludes the use of models in
which aging occurs prematurely but with the same
mortality slope (see Figure 1). The arguments in both
directions are beyond the scope of this article, but
nevertheless, the discussion would not be complete
without at least mentioning this fact. Gompertz
curves have proved very useful in aging studies based
on population genetics (primarily Drosophila). How-
ever, with some exceptions, in most of the models
described here the size of the cohorts (dictated by
the price of raising mice to an old age) is relatively
small, and a proper Gompertz curve can not be
confidently derived. Nevertheless, a recent review
attempted to distinguish which of these models might
be useful to study aging, according to this particular
criterion. Based on their analysis, the authors con-
cluded that most of the models described here do
not display a change in the slope of the Gompertz
equation. The exceptions are the PolgA™" and the
MsrA ~'~ mice. Surprisingly, however, the authors
also failed to observe age relevance in several well-
established long-lived models, including Prop 1,
IGF1R, GHRHR, and InsR. In contrast, they do
find a relevant relationship in the cases of GHR, Pit1,
and Shc. Given the close relationship between these
many models, it seems likely that this criterion might
be too stringent, and/or some of the data were
derived without sufficient numbers of animals. This
is certainly the case for the MsrA ~/~ mouse.

One potentially useful analysis of the various mod-
els involves contrasting the characteristics, at the
cellular level, of short-lived mutants and mutants
affecting similar pathways, but that do not live
shorter. Table 4 lists a limited number of such
comparisons. The pairs (first- vs. third-generation
Win '~ x Terc'~; Xpa~'~ and Xpc~ '~ vs.
Xpd™™ and Ku86 '~; SOD™'~ and Gpx ' vs.
MsrA~'~; and super pS3 vs. p5S3 7™ and p44) were
chosen from those discussed previously. The cellular
features compared were limited to DNA damage, cel-
lular senescence, and apoptosis. The table shows that
there is little if any correlation between the ability of a
given genetic manipulation to increase damage
to DNA (or increase ROS production) and shorten-
ing of life span. As discussed earlier, one important
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Table 4 Comparison of selected phenotypes in accelerated vs. not-accelerated aging mice

Model Short lived DNA damage Premature cellular senescence Apoptosis
Terc™’~ x Wrn=/'~ G1 No Yes No No
Terc™’~ x Wrn—’~ G3 Yes Yes Yes Yes
Xpa~'~ , Xpc~/~ No Yes nr nr
Xpd™™P |, Kug6~'~ Yes Yes Yes Yes?
SOD*'~ |, Gpx~/~ No Yes nr No/Yes?
MsrA=/~ Yes No nr nr

Super p53 No nr No/Yes? No/Yes?
p53+/™ | p44 Yes nr Yes Yes

#Normal under basal conditions, enhanced after stress.
nr, not reported.

exception not included in Table 4 concerns the
PolgA™"" mice, which do live shorter, apparently as
a result of increased damage to their mitochondrial
DNA. In contrast, there is good agreement between
the increased capacity to undergo either cellular sen-
escence or apoptosis and a shortened life span. In the
case of the Sod ™=, Gpx~'~, and super pS53 mice,
increased apoptosis or cell senescence is only observed
after appropriate challenges, but not when measured
under resting conditions.

Thus, the emerging picture points in the direction
of a significant role for basal cellular turnover (under
basal conditions) in controlling life span. Indeed, any
manipulation that leads to increased cell turnover
seems to culminate in accelerated aging. Thus, if cells
are suffering a chronic increase in stress loads, be it
because they cannot repair their DNA (Wrn '~
Ku80~'~, Xpd™™, PolgA™), or because of struc-
tural defects (LmnA™3F) or reduced defenses
(MsrA '), the end result will be a chronic increase
in apoptosis and/or cell senescence. Indeed, further
support for a role of apoptosis both in aging and in
the accelerated aging phenotype of the PolgA™%"
mouse has recently been published. Thus, the short-
lived models are teaching us that it may not be the
origin of the damage that is critical, but rather
whether or not that damage can be repaired in a way
that precludes the functional loss of the cell, be it via
apoptosis or cell senescence. Both of these outcomes
might lead to an increased pressure on the replicative
capacity of stem cells, as was suggested by studies on
pS53 /™ mice. If in turn this capacity is also taxed,
and/or if the process of stem cell proliferation and
differentiation is further affected by the aging milieu,
then the end result will be increased aging of the
tissue. Because of the effect of surrounding tissues,
this process is self-renewing, giving rise to the expo-
nential deterioration observed in aging organisms.
Naturally, different tissues will be affected at differ-
ent rates, and the effects will also be idiosyncratic
within the population under study.

See also: Life Span Theory; Models of Aging: Invertebrates,
Filamentous Fungi, and Yeasts; Models of Aging: Verte-
brates; Premature Aging; Slowing of Aging; Telomeres.

Further Reading

Anisimov VN (2003) Aging and cancer in transgenic and
mutant mice. Frontiers in Bioscience 8: s§83—s902.

Blasco MA (2003) Telomeres in cancer and aging: lessons
from the mouse. Cancer Letters 194: 183-188.

Chang S (2005) A mouse model of Werner syndrome: what
can it tell us about aging and cancer? International Jour-
nal of Biochemistry and Cell Biology 37: 991-999.

Cheong C, Hong KU, and Lee HW (2003) Mouse models
for telomere and telomerase biology. Experimental and
Molecular Medicine 35: 141-153.

Cowen T, Tatar M, and Melov S (eds.) (2004) Head-to-
head debate on the utility of short-lived animal models
for aging: pros and cons. Aging Cell 3: 45-69.

de Magalhaes JP, Cabral JA, and Magalhaes D (2005)
The influence of genes on the aging process of mice: a
statistical assessment of the genetics of aging. Genetics
169: 265-274.

Dumble M, Gatza C, Tyner S, Venkatachalam S, and
Donehower LA (2004) Insights into aging obtained from
p53 mutant mouse models. Annals of the New York
Academy of Science 1019: 171-177.

Hosokawa M (2002) A higher oxidative status acceler-
ates senescence and aggravates age-dependent disorders
in SAMP strains of mice. Mechanics of Ageing and
Development 123: 1553-1561.

Kipling D, Davis T, Ostler EL, and Faragher RG (2004)
What can progeroid syndromes tell us about human
aging? Science 305: 1426-1431.

Kujoth GC, Hiona A, Pugh TD, Someya S, Panzer K,
Wohlgemuth SE, Hofer T, Seo AY, Sullivan R, Jobling WA,
Morrow JD, Van Remmen H, Sedivy JM, Yamasoba T,
Tanokura M, Weindruch R, Leeuwenburgh C, and
Prolla TA (2005) Mitochondrial DNA mutations, oxida-
tive stress, and apoptosis in mammalian aging. Science
309: 481-484.

Kuro-o M (2001) Disease model: human aging. Trends in
Molecular Medicine 7: 179-181.

Kurosu H, Yamamoto M, Clark JD, Pastor JV, Nandi A,
Gurnani P, McGuinness OP, Chikuda H, Yamaguchi M,
Kawaguchi H, Shimomura I, Takayama Y, Herz ], Kahn



20 Achievement

CR, Rosenblatt KP, and Kuro-o M (2005) Suppression of
aging in mice by the hormone Klotho. Science 309:
1829-1833.

Martin GM (1978) Genetic syndromes in man with po-
tential relevance to the pathobiology of aging. Birth De-
fects Original Article Series 14: 5-39.

Martin GM (1996) Somatic mutagenesis and antimuta-
genesis in aging research. Mutation Research 350:
35-41.

Smith SK and Kipling D (2004) The role of replicative
senescence in cancer and human ageing: utility (or

Achievement

D K Simonton, University of California, Davis, CA,
USA

© 2007 Elsevier Inc. All rights reserved.

Glossary

Career Age — The number of years an individual has
been active within a given domain of achievement.
Also called professional age.

Equal-Odds Rule — The empirical generalization that
the ratio of successful works to total output stays
more or less constant across an individual’s career.

Last-Works Effects — The tendency for creative pro-
ducts conceived toward the end of life to exhibit
qualitative and quantitative changes. These chan-
ges suggest a resurgence and transformation of
creativity in the final years.

Introduction

Achievement is a generic concept that can cover a
tremendous range of human activities. These activ-
ities may have little in common and may require
rather distinctive biological, psychological, and
sociological conditions. To offer some obvious ex-
amples, the Nobel laureate in physics may have little
in common with the Olympic athlete, just as the
founder of a successful business enterprise may share
nothing at all with a movie star. However, close ex-
amination of these and other cases does reveal that
all instances of achievement tend to feature the same
four characteristics.

First, achievements are behaviors or products that
make an individual stand out from the majority of

otherwise) of murine models. Cytogenetic Genome
Research 105: 455-463.

Takeda T (1999) Senescence-accelerated mouse (SAM): a
biogerontological resource in aging research. Neuro-
biology of Aging 20: 105-110.

Wallace DC (2001) Mouse models for mitochondrial dis-
ease. American Journal of Medical Genetics 106: 71-93.

Warner HR and Sierra F (2003) Models of accelerated
ageing can be informative about the molecular mecha-
nisms of ageing and/or age-related pathology. Mechanics
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individuals who are active in the same endeavor. Not
every author wins the Nobel Prize for Literature;
not every tennis player becomes a singles champion
at Wimbledon; not every entrepreneur manages to
build from scratch a Fortune 500 company. As these
instances show, some individuals may attain distinc-
tion by offering something unique to the world, such
as an artistic masterpiece, whereas others may make
a name for themselves by performing some well-
defined task better than any competitors, such as
sprinting 100 meters faster than anyone else in the
world.

Second, achievements are behaviors or products
that reflect favorably on the skill or talent of the
person under view. Only a tiny percentage of the
population has the mental or physical capacity to
make a serious bid for a major honor, award, or
prize. It is for this reason that lottery winners are
not credited with achievements; the skill needed to
purchase a lottery ticket is of a very ordinary kind
that everybody possesses.

Third, we usually associate achievement with
motivational characteristics, such as effort, persis-
tence, drive, and determination. As a consequence,
individuals who enjoy a certain natural talent at
some task but who make no attempt to develop
their native skills further are most likely to be called
underachievers. So important is this third charac-
teristic of achievement behaviors that we will some-
times label an activity an achievement even when it
requires far more motivation than ability or skill.
For instance, many of the achievements listed in the
Guinness Book of Records are of this variety. Some-
one who holds the world record for the number of
days spent sitting atop a pole is going to earn admi-
ration more for persistence than for talent. Never-
theless, those achievements that seem to require both
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ability and effort seem to elicit the most widespread
and profound esteem.

Fourth, the word achievement is normally assigned
to behaviors or products that have positive social
value. Accordingly, notorious assassinations or infa-
mous crimes are seldom considered accomplishments.
Unfortunately, this component of the concept is
not always easy to evaluate. Not only may value
judgments vary from culture to culture, but these
assessments may also vary from individual to in-
dividual within the same culture. In some nations,
assassination for political or religious reasons may
be actually encouraged. And for some pacifists, a
general’s victories on the battlefield may constitute
criminal acts of institutionalized homicide. Neverthe-
less, nothing prevents us from adopting a relativistic
conception of societal norms. If an activity tends to
earn praise from the majority of those living within
a given sociocultural system, it can be counted as a
notable accomplishment.

In this article, the focus is on those achievements
that exemplify all of the central characteristics. The
key question then becomes how this level of achieve-
ment varies as a function of a person’s age. At what
point can it be safely inferred that a particular
individual is ‘over the hill’ or ‘past his or her prime’?
Does there exist an age beyond which we should
not anticipate further accomplishments of the kind
witnessed earlier in the career? To address this ques-
tion, we first review the empirical findings on this
subject. Next we can examine some of the possible
theoretical interpretations of those results.

Empirical Findings

The scientific study of the relation between age and
achievement is one of the oldest research topics in the
history of the behavioral sciences. The earliest such
investigation was conducted in 1835 by Adolph
Quetelet, who examined how the production of
notable plays varied as a function of the dramatist’s
age. This was the first study to demonstrate how
creative productivity often declines in the later years
of life. However, the first truly thorough research on
this subject was conducted by Harvey C. Lehman,
especially as summarized in the 1953 book Age and
Achievement. Lehman investigated virtually every
possible domain of achievement, including both crea-
tivity and leadership. He also attempted to introduce
much more systematic and rigorous methods in his
quest for the typical age curves for various intellec-
tual, aesthetic, political, and economic endeavors.
Although subsequent investigators have identified
several methodological flaws in Lehman’s work,
many of the central results have been replicated in

studies that use more advanced analytical techniques.
In particular, the literature tends to support the con-
clusion that the odds of significant achievement usu-
ally tend to decline after a career peak that most
often appears around mid-life. In addition, the spe-
cific nature of this descent tends to vary according
to many other factors, such as the specific domain
of achievement. These and other complications will
become apparent in the following sections, where we
examine the longitudinal changes in three broad do-
mains: leadership, creativity, and entertainment.

Leadership

Of all categories of achievement, leaders may occupy
the highest place. Political, military, economic, and
religious leaders all define the world in which we all
inescapably must live. A nation’s material and emo-
tional well-being closely depends on the politicians
who write its laws, the generals who are responsible
for defending its boundaries, the entrepreneurs who
introduce new products and create new industries,
and the religious figures who guide a people’s moral
and spiritual life. It should not be surprising, then,
that of all forms of achievement, leaders tend to be
the most prominent. The average person on the street
may not know who most recently received the Nobel
Prize for Literature or for Physics, but few would
not be able to identify the individual who serves
as the nation’s current head of state. Even the his-
torical reputation of leaders tends to exceed that of
individuals active in different domains of attainment.
Given the significance of leadership, the relation
between age and achievement assumes great practical
importance. When is a person too old to occupy such
a critical position in society? This question can be
best addressed by looking separately at political,
military, religious, and economic leadership.

Politicians When we speak of the relation between
age and political achievement, we must recognize
that leadership can be assessed many different ways.
The most commonly used definition in research is
simply to note the age at which individuals are most
likely to ascend to a particular political position. At
what age do individuals become president, prime
minister, senator, governor, member of parliament,
secretary of state, ambassador, and so forth? Re-
search shows that the leaders that enter such estab-
lished political roles tend to have entered their more
mature years, most commonly being in their 50s or
60s. Moreover, it is not rare to see status quo politi-
cal leaders who are even older. At the same time, it
is clear that the age distributions tend to vary accor-
ding to the nature of the political position. Among
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politicians in the United States, legislators who serve
in the Senate tend to be older than those in the House
of Representatives, while among chief executives,
those who serve as President tend to be older than
those serving as state governors. Of course, some
of these contrasts can be attributed to differences
mandated by law. Nonetheless, this cannot entirely
explain the age differences, because the most typical
age ranges tend to be older than those set down by
law. For example, most presidents exceed the mini-
mum by about 20 years. In fact, successful presiden-
tial candidates tend to be clustered fairly closely
around 55 years of age, whereas most losing candi-
dates tend to be either much younger (as young as 36)
or much older (as old as 83).

So far we have considered only established poli-
tical roles. Other political leaders achieve distinction
by heading revolts, rebellions, or revolutions against
the established government. These revolutionaries
and rebels are far more prone to be much younger
than their contemporaries who occupy status quo
positions. For example, among politicians of the
twentieth century it was rare for a status quo poli-
tician to attain power before the age of 40. In con-
trast, almost half of eminent revolutionaries were
younger than 35 at the onset of their involvement,
and almost 80% were younger than 435. Interestingly,
as a political system matures, the average age of its
leadership tends to increase as well. This trend is seen
in the history of the United States since its inception
at the end of the eighteenth century. Members of
Congress in the twentieth century are about a decade
older than those at the beginning of the nineteenth
century. Furthermore, the average ages of those
serving as Speaker of the House have increased from
the 40s to the 70s. These upward trends cannot be
entirely attributed to shifts in mean life span. In fact,
for some political positions the trends go in the
opposite direction. The governors of the American
colonies were actually about 20 years older than the
governors of the various states of the union after
the revolution. Colonial governors, as subordinates
of the British crown, had to more strongly represent
the status quo. Hence, the same principle applies.
Youth challenges the powers that be, while maturity
defends those institutional powers.

These findings all focus on the age at which
individuals fill certain leadership roles. Although this
is certainly a reasonable criterion of achievement —
given the difficulty of attaining these positions — it
cannot be our sole criterion. Indeed, a more critical
gauge of achievement would be some indicator of the
leaders’ actual performance during their tenure in
office. For example, one investigation looked at the
relationship between the age at which a US president

is inaugurated and his subsequent performance as
an executive, legislator, and diplomat. Absolutely no
relationship was found. Older chief executives are no
better or worse than those who are much younger,
and there exists no peak age for maximum success.

Nevertheless, it is necessary to point out a serious
methodological problem with many of these studies.
For most political offices in democratic systems, the
length of tenure is rather restricted. In the US presi-
dency, for instance, only one chief executive has
served more than 8 years, and many have served 4 or
less. This is too little time to calculate longitudinal
trends. What is required is an analysis of leaders
who have served throughout their adult lives. The
only political institution for which this is feasible is
hereditary monarchy. Because monarchs may then
ascend to the throne at a young age and may remain
enthroned until death, analyzing these leaders allows
us to scrutinize changes in performance over three
decades or more. One empirical inquiry that exam-
ined a large sample of long-tenured monarchs in
fact discovered a tendency for performance to peak
around 42 years old. After that peak, there was a
gradual decline in the monarchs’ ability to expand or
maintain their political power and influence. Thus,
age decrements can be found when the observations
are truly longitudinal in nature.

Military Commanders The study of military leader-
ship presents some of the same problems as seen in
the study of politicians. For example, we must be
careful to distinguish between the age at which an
individual is most likely to occupy the role of general
or admiral and the individual’s performance in that
role. One early investigation, for instance, looked at
the age at which commanders led armies in historic
battles without noting whether the battle was won or
lost. As a result, the information obtained was very
limited in its implications. Another difficulty is even
more severe than that seen in the study of political
leaders: although military careers can last a long
time, the central function of those careers, namely,
fighting wars, usually has a much shorter duration. It
is rare for a major war to last for more than 5 years,
and a very large proportion last for only a year or
two. Seldom can we trace a commander’s tactical
success over a long period of time. As a consequence,
we often have no other choice but to examine cross-
sectional rather than longitudinal data. We must ask
whether the age of two opposing commanders in a
battle allows us to predict who will be mostly likely
to emerge the victor. The answer to this question is
affirmative. For instance, one empirical study looked
at the winners and losers in 326 land battles. The
older a general was in comparison to his opponent,
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the less likely he was to take the offensive by attack-
ing first. In other words, older commanders tend to
adopt more conservative, defensive tactics. This age
trend is important because taking the initiative on
the battlefield is a key predictor of tactical victory.
In addition, there was evidence of a curvilinear re-
lationship between age and military success. The
commanders who were closest to the peak age of
45 years were most likely to be those with the most
career victories and the longest winning streaks.
Together, these findings suggest that military achieve-
ment, at least as defined by battlefield victory, may
decline in the later years of a commander’s life.

Entrepreneurs Economic leaders are extremely im-
portant to the material well-being of any capitalist
society. After all, these are the leaders, the business-
men and -women, who market the new products and
create the new jobs that are essential to a high
standard of living. Yet research on these figures is
relatively limited. Most studies indicate that entre-
preneurial leadership may peak somewhat late in life.
Typically, the most distinguished leaders first reach
the high point of their financial power in their late
50s. Moreover, these individuals do not actually at-
tain wide recognition for their economic accomplish-
ments until somewhere in the 60s. Thus, this form
of achievement may require more maturity and ex-
perience in the business world. At the same time, we
must recognize that these age curves are not easy to
interpret. The income and influence of entrepreneurs
are largely based on decisions made earlier in their
careers. The seeds of the wealth of an Andrew
Carnegie, John D. Rockefeller, Henry Ford, or other
corporate giant were often planted in their 30s.
It takes time for the risky investments of youth to
make an impact on an industry. Even so, these en-
trepreneurs usually manage to continue their money-
making abilities until quite late in their lives. Only
in rapidly changing markets might they find them-
selves suffering from younger competitors. In this
sense, economic leadership is similar to what tends
to hold for diplomats and other forms of political
leadership in which accumulated expertise is at a
premium.

Religious Leaders The life span development of
those who lead religious movements and institutions
follows a pattern that closely parallels what has been
observed for political leaders. On the one hand, some
figures attain distinction by becoming the head of
some established religious group, whether a church,
denomination, or sect. These status quo religious
leaders tend to be quite advanced in years. The
history of the Roman Catholic papacy provides a

typical illustration. Almost all popes were older than
50 years old at the time they were elected, and
around two-thirds were well over 65. Furthermore,
the optimal age range for becoming pope lies roughly
between 80 and 90. On the other hand, the founders
of new world faiths are often much younger. It
is extremely rare for a founder to be older than 60.
Most tend to be between 35 and 38, and many are
much younger than that optimum interval. For ex-
ample, from the history of Christianity, John Wesley
founded Methodism at age 35, Martin Luther laun-
ched the Protestant movement at 34, Ignatius Loyola
wrote the ‘Spiritual Exercises’ at 30, John Calvin
wrote the Institutes at 27, Joseph Smith begun
Mormonism at 25, and George Fox founded the
Quaker faith at 23. Jesus himself was probably
around the age of 30 at the height of his mission.
Similar statistics hold outside the Christian faith. For
example, Buddha was probably in his mid-30s when
he began teaching the fruits of his enlightenment.
Of all the world’s major faiths, Islam had the oldest
founder, and even he, Mohammed, was only 40
when he became the Prophet. Facts such as these
support the conclusion made by G. Stanley Hall that
“men in their prime conceived the great religions, the
old made them prevail” (Hall GS (1922) Senescence:
The Last Half of Life, p. 420. New York Appleton).
Curiously, when exceptions to this rule seem to
appear, the underlying principle persists upon closer
examination. Thus, Popes Innocent III and Leo X,
for instance, entered the pontificate in their late 30s.
Yet both were extreme activists, the former in the
political sphere and the latter in the cultural.

Creativity

The subject of the relationship between age and
creative productivity has already been treated at
length in the article on creativity in this encyclopedia.
Therefore, here we need only to summarize the six
central findings.

Typical Age Curve When we plot the number of
contributions individuals make as a function of their
age, we discover a single-peaked, inverted-U curve.
More specifically, the output of works first increases
up to a certain optimum, after which productivity
gradually declines. By the 80th year of life, output is
about 50% of the level reached at the career peak.
Although this might seem a substantial drop, we
must note two extenuating facts. First, even a creator
who is well advanced in years can expect to maintain
a respectable level of creative productivity. Second,
the output rate seen by individuals in their 70s
is about the same as that seen by those in their 20s.
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In this sense, septuagenarians can hold their own
against the youngest members of their discipline.

Interdisciplinary Differences The typical age curve
varies substantially according to the specific domain
of creative achievement. In some fields, the peaks
may appear relatively early in life, and the post-peak
declines can be relatively rapid. This is the situation
for lyric poetry and abstract mathematics, for exam-
ple. In other fields, however, the productive optima
usually occur much later in life, even as late as
the 50s. Such delayed peaks are common in history
and philosophy. Furthermore, those creative domains
that feature later productive maxima also tend to
exhibit gradual, even negligible, declines. Thus, in
these late- and slowly maturing disciplines, aging has
minimal impact on creative achievement. Moreover,
even in those disciplines characterized by early peaks
and rapid declines we do not expect the output rate
to drop to zero. In fact, the typical creator in these
domains will maintain a level of productivity by age
80 that will equal about 10% of that observed at
the career peak.

Career Versus Chronological Age Although most
researchers have tended to view the longitudinal
changes in terms of chronological age, this practice is
not really correct. Instead, the curves expressing
changes in creative productivity are better defined
according to career or professional age. Those who
begin their careers earlier in life will tend to exhibit
earlier peaks as well. By the same token, those
whose careers get a very late start will normally
enjoy later peaks. This means that it sometimes hap-
pens that late bloomers will actually attain their
career high points in the last one or two decades of
life. In addition, it is perfectly possible for a person to
exhibit two career peaks. This can happen when
an individual already successful in one field decides
to make a mid-life career change and thus develops a
second successful career in later life.

Individual Differences We should not overlook the
fact that individual differences in creative achievement
are quite substantial. Not all creators are created
equal; rather, some produce considerably more crea-
tive ideas than their less-accomplished colleagues. In
most disciplines, the top 10% who are the most pro-
ductive are usually responsible for 50% of all contri-
butions in the field, whereas the bottom 50% who are
the least productive account for only about 15% of
the total achievement. This cross- sectional variation
explains more variance in output than the longitudinal
changes attributed to career age. Accordingly, highly

prolific creators who are in their 70s or 80s will equal
or even exceed the output levels of other, less pro-
ductive creators who are in their 30s or 40s.

Equal-odds Rule There are two ways we can count
output across the career. On the one hand, we can
simply tabulate the total number of works produced,
regardless of whether the pieces are successful or not.
For example, we might count the number of scien-
tific papers produced per decade without regard for
whether these papers made any contribution to the
field. On the other hand, we might restrict our counts
to merely those creations that can be considered
genuine achievements. For instance, we could tabu-
late those scientific papers that receive a specified
number of citations in the publications of other
scientists working in the same discipline. The first
kind of measure gauges quantity, or pure produc-
tivity, while the second kind of measure assesses
quality, or real creativity. Obviously, if our stand-
point is one of achievement, the exclusive quality
measures are superior to the inclusive quantity meas-
ures. This distinction also has interesting repercus-
sions for understanding how aging affects creative
achievement. In the first place, the age curves
for quantity and quality are essentially the same.
Those periods in an individual’s life in which the
most works are produced are also those in which the
most influential products are most likely to emerge.
Furthermore, if we calculate the proportion of
successful works to total output, we find that this
quality ratio fluctuates more or less randomly
throughout the career. This means that older mem-
bers of a creative enterprise will have roughly the
same success rate as those members at their supposed
creative prime. In other words, even though the elder
creators may be producing fewer masterpieces,
they are also generating fewer neglected works. This
equal-odds rule suggests that from the perspective of
the quality ratio, we cannot realistically speak of an
age decrement at all. Age is simply unrelated to the
probability of success.

Last-works Effects We can advance a step beyond
the last point. Highly creative individuals will fre-
quently undergo a resurgence of creative activity to-
ward the end of life. This upsurge in total output,
as the equal-odds rule maintains, will correspond to
an increased production of important works. More
importantly, as death draws near, the creativity of
these individuals will often undergo a qualitative
transformation that renders their final works quite
distinct. In the visual arts, for example, it is not un-
common for master painters to enter into a phase
in which their works exhibit a notable ‘late style.’
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In addition, creators will often devote consider-
able effort to the production of a single piece that
successfully serves as an artistic last testament or
career capstone. In classical music, for instance, this
creative shift has been called the swan song pheno-
menon. What makes these achievements especially
significant is that they often appear when the indivi-
dual’s health has been undergoing chronic and debi-
litating deterioration, such as blindness, deafness,
arthritis, and other infirmities. Thus, the age curves
notwithstanding, the aging process need not prevent
exceptional creators from maintaining their creative
powers right to the end.

Entertainment

In this final category are placed several miscellaneous
forms of achievement that cannot be classified as
either leadership or creativity. Because the number
of potential domains is extremely diverse, we review
only three representative areas of accomplishment,
sports, chess, and film.

Athletes Among all the principal domains of
achievement, accomplishments in sports are almost
exclusively the province of youth. Sports champion-
ships, such as the Olympics, are predominantly
populated by athletes in their 20s. Indeed, for some
events, like swimming, it is the teenagers who are
most likely to prevail. Moreover, the various age
optima for athletic competitions tend to be quite
stable over long periods of time. For instance, the
mean age of Olympic gold medalists in track and
field events has stayed relatively constant since the
first Olympics were held. In addition, the variation
around these means is usually rather small. For most
athletic activities, the top athletes will be no more
than 5 years apart in their ages.

On the other hand, it is also true that the ages
of peak achievement tend to vary systemati-
cally according to the particular sport. In swimming
and track, for example, there appears a fairly
consistent tendency for the longer events to be won
by older athletes, the differences sometimes exceed-
ing 5 years. More importantly, the age optima are
even greater for those competing in sports in which
skill is more important than speed, strength,
or stamina. Thus, champions in shooting, golfing,
bowling, and billiards are most frequently in
their early 30s. Even so, there exists no regular sport
in which the championships are most com-
monly held by athletes in their 40s or older. So, the
main generalization stands: older adults cannot be
expected to compete at the same level as younger
athletes.

However, this last remark should not blind us to
another fundamental truth. There always exist sub-
stantial individual differences in athletic perfor-
mance, differences that tend to be relatively stable
across time. Consequently, a top athlete past his or
her prime may still be competitive with lesser athletes
who are at their prime. Whenever we focus on those
who receive the gold medals or most valuable player
awards, we tend to forget that there are older
competitors that came in third or fourth in the
event, match, or ballot. One classic illustration is
the baseball pitcher Nolan Ryan, who went from a
record-breaking player in his late 20s to a still highly
competitive player in his late 30s. In fact, he was still
breaking records shortly before injury forced his
long-delayed retirement.

Chess Masters In the previous section we observed
that those sports that place the most emphasis on
skill are most likely to be those with older champi-
ons. This tendency may lead us to ask: what about
those competitive activities in which the skill is
entirely mental rather than physical? For example,
because card and board games do not require any
extraordinary proficiency in eye—hand coordination,
we might anticipate that the premiere players who
win championships can do so at older ages than is
typical in sports. There is indeed evidence that this
expectation fits the facts. For instance, Arpad Elo
devised an objective measure of the performance
of chess masters, which he then used to gauge
how expected performance changed over the career
course. The average age for peak competitiveness
was around 36, and the range of maximal to near-
maximal performance was between the late 20s
and the late 40s. Furthermore, a player at about age
63 could expect to play as well as a player at around
age 21. Hence, the assets of youth are much less
conspicuous for a competitive activity that is almost
entirely intellectual in nature.

Finally, what was said of athletes holds equally
well for chess grandmasters. The strongest players in
the later stages of their careers are superior to lesser
players in their prime. Individual differences in skill
are so pronounced as to often overwhelm longi-
tudinal changes in competitive ability. A prime exam-
ple is a player like Emanuel Lasker, who became
world champion in 1894 and successfully defended
his title when he was 53 years old. Significantly, even
in his 60s Lasker was able to pull off some classic
victories in chess competition.

Movie Stars The final domain of achievement in
entertainment concerns actors and actresses in film.
Acting may seem far removed from the preceding
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two domains, yet in certain respects they are actually
comparable. In the first place, the movie business
is extremely competitive, so that only a small per-
centage of aspiring actors and actresses can expect to
attain star status. Second, like chess, acting largely
represents an intellectual skill that is acquired and
developed. Third, like athletics, success in films re-
quires certain physical attributes, even if these char-
acteristics are not usually of the same kind demanded
in sports. In particular, it is rare for an actor or
actress to rise to stardom without emanating an un-
usual amount of physical attractiveness. Whether we
call them handsome or beautiful, most project in
their performances a certain amount of sex appeal.
This latter attribute raises an intriguing question:
might not the relation between age and achievement
within this domain vary according to gender? After
all, the sexual attractiveness of men and women may
change in different ways as a function of the aging
process. Indeed, whereas women might quickly lose
sex appeal, men might actually gain as their appear-
ance grows more masculine and distinguished. Only
if the skill component of great acting predominated
would we expect the accomplishments of actresses
and actors to follow the same life course.

Research on this question supports the conclusion
that gender contrasts are in fact quite conspicuous.
For example, one inquiry looked at the ages of
the actors and actresses who were the top money
makers. The curves for the two sexes were dramat-
ically different. The women began to make big
money earlier, around their late teens, reached the
peak of their careers in their late 20s, and were
largely finished as box office attractions by their late
30s. The men, in contrast, did not really take off until
their early 20s, attained their peaks in their early 30s,
and, most significantly, continued to enjoy some
box office success until they attained their late 60s.
Curiously, largely the same age curves appeared for
stars who turned in best performances, as judged by
movie critics. The best performance of an actress
most often appears in her late 20s, that of an actor in
his early 30s. Furthermore, whereas the women have
little chance of such an accomplishment beyond age
40, the prospects for actors remain good into their
60s. Hence, physical attractiveness may be far more
crucial than performance skill in determining the
achievements of movie stars. Not only must women
be younger than men to maximize success, but also
women experience a more precipitous drop in their
opportunities for stardom. Admittedly, these curves
represent only statistical averages, and accordingly
exceptions do exist. Katherine Hepburn is a classic
illustration of a woman whose achievements as an
actress survived the deterioration of her physical

beauty. Nonetheless, for the vast majority of movie
stars, the aging process harms the careers of women
much more than those of the men.

Theoretical Explanations

The previous section emphasized the empirical findings
on the connection between age and achievement.
No attempt was made to discuss the theoretical ex-
planations for these diverse results. In this section, this
deficiency is rectified. The available substantive inter-
pretations may be grouped into three categories:
biological, psychological, and sociological.

Biological Processes

It is perhaps too common to explain any age decre-
ments in achievement in terms of the adverse effects
of the aging process on individual health. Older per-
sons almost invariably experience marked declines in
physical vigor. Aging also brings about a slowing
down of mental functioning due to changes in the
central nervous system. In addition, it may take in-
creasingly longer to overcome the disabilities result-
ing from injuries and infections. No doubt these
biological consequences of aging take their toll on an
individual’s capacity for achievement. Yet these in-
terpretations are incomplete. For example, a purely
biological explanation cannot account for why ca-
reer age is more predictive of creative productivity
than chronological age. Those who get a late start on
their careers may actually be attaining their career
peaks when they are well advanced in years. Nor
can the physical repercussions of aging help us under-
stand the basis for interdisciplinary contrasts in
creative output. It takes far more physical exertion
to write a novel than to write poetry, and yet
novelists peak much later in life than do poets. In all,
we must realize that biological interpretations have
to be applied with extreme caution. Otherwise, we
may overlook the fine details regarding the relation
between aging and achievement.

Nonetheless, in some domains biological processes
can carry most of the explanatory weight. This is
most evident in sports. As pointed out, the optimal
ages for top performance in various athletic compe-
titions have remained rather stable for at least a
century. The age at which an individual is most likely
to become an Olympic champion depends almost
entirely on the nature of the athletic event and the
gender of the participant. All the medical advances of
the twentieth century have not significantly modified
these age curves. This temporal stability suggests that
there are fundamental physiological bases for the age
curves. Sprinters will be younger than long-distance
runners for purely physical reasons.
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Biological explanations may take another form
as well. According to sociobiologists, some patterns
of human interaction are the products of standard
evolutionary processes. Since the beginning of our
species, individuals have been engaged in the busi-
ness of optimizing their reproductive success, and
this preoccupation has favored the dominance of
certain types of social behaviors. For example, if
individuals select mates according to fertility, then
the attractiveness of men and women should exhibit
very different age curves. Whereas women are maxi-
mally fertile in their 20s and early 30s, men maintain
their fertility until much later in life. This contrast
may help explain the dramatic difference between the
career trajectories of actors and actresses. Because a
woman’s fertility declines so precipitously, her sex
appeal on the silver screen suffers a drastic drop as
well, until the actress is no longer seen as a box office
attraction.

Of course, this sociobiological principle alone can-
not explain why actors get a slower start than
actresses. After all, young men can prove to be quite
fertile. However, here we can evoke another explana-
tory principle from sociobiological theory, namely,
that the sexual attractiveness of men is influenced by
their success in life’s competition. Attractive males
are supposedly survivors who have endured the tests
and have emerged victorious, as evinced by their
control over power and resources. By this account,
then, an older male holds the edge over the younger
male. This would explain not only why actors peak
later than actresses, but also why the decline is so
much more gradual. Men in their 60s can display an
attractiveness only enjoyed by women in their 20s.
Incidentally, this same phenomenon may also ac-
count for why status quo political and religious
leaders tend to be older. Social animals increase their
reproductive success by selecting the best indivi-
duals to lead their group. These are going to be the
individuals with the most experience and success. As
a consequence, whereas successful actresses tend
to be much younger than successful actors, women
leaders tend to rise to power at about the same age
as men.

Considerably more research must be undertaken
before we can have full confidence in sociobiological
explanations. Even so, these accounts indicate that
the impact of biological processes can be far more
subtle and complex than simply attributing achieve-
ment decrements to the infirmities of age.

Psychological Processes

Many have proposed that the linkage between aging
and achievement reflects more fundamental changes

in the psychological processes that underlie the at-
tainment and maintenance of success. Perhaps the
single most common explanation is cast in terms of
a possible age decrement in intellectual functioning
in the later years of life. Particularly provocative is
the distinction between two varieties of intelligence,
namely, crystallized and fluid. Crystallized intelli-
gence concerns knowledge, information, and exper-
tise, whereas fluid intelligence concerns flexible
problem-solving ability. Whereas the first may in-
crease or at least stay relatively constant across the
life span, the second may exhibit fairly sharp declines
in the later years of life. This contrast in develop-
mental trends may help us understand the inter-
field differences in career trajectories, because each
domain of achievement probably requires a different
optimal mix of crystallized and fluid intelligences.
For instance, diplomats, historians, or heads of
established churches probably need more crystallized
than fluid intelligence, and thus their career peaks
appear in advanced maturity. On the other hand,
revolutionaries, poets, and founders of new faiths
may need more fluid than crystallized intelligence,
thereby pushing the career optima toward more
youthful ages.

However, we must acknowledge that motivational
factors may also play a role, perhaps even the most
important role. For example, one investigator has
proposed that achievement is a function of two com-
ponents: experience and enthusiasm. While experi-
ence continuously increases with age, according to
this theory, enthusiasm first increases up to a peak
sometime in the early 30s and thereafter decreases.
The career optimum then appears where the sum
of these two curves maximizes, which occurs around
the late 30s. Yet different domains may require
a characteristic mix of experience and enthusiasm.
Revolution and poetry, for instance, may require
greater zeal, whereas diplomacy and history may de-
mand more wisdom. The career peaks will appear at
different ages accordingly.

The foregoing explanations operated under some
kind of age-decrement assumption. Either intellec-
tual ability or enthusiasm underwent an age-related
decline in the processes that underlie achievement.
Nonetheless, other psychological explanations do
not presume the occurrence of such inexorable age
decrements. For example, some researchers have
proposed psychoeconomic theories that presume that
achievement operates in a manner similar to business
investment. Achieving individuals are trying to opti-
mize their long-term assets, and to do so they must
invest in their human capital. The utility of these
investments may diminish in the latter part of any life
for the simple reason that an individual is less likely
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to be around to reap the profits. Nonetheless, this
choice to redirect effort may be reversed if at any
time the person perceives an altered cost-benefit
ratio. Such calculations may result from modified
family circumstances, career changes, and more op-
timistic perceptions of probable life spans. The im-
portant point here is that the achievement potential
of individuals may not necessarily decline just be-
cause the observed levels of achievement may appear
to fall off. At different stages of their lives, people
must adjust their priorities according to considera-
tions that are unrelated to inherent capabilities.

Sociological Processes

We must not ignore the often extremely powerful
impact of larger societal forces on the relationship
between age and achievement. Sometimes these
influences may take a rather explicit form. Political
institutions, in particular, will often possess constitu-
tions or by-laws that specify the acceptable ages
at which certain positions of authority may be occu-
pied. The US Constitution, for instance, states
that an individual must be at least 25 to serve as
a member of the House of Representatives, 30 to
serve as Senator, and 35 to serve as President of the
United States. This means that the age curves are
automatically truncated at the lower end and that the
occupants of the various federal positions will exhibit
a certain amount of age stratification. Although other
political systems have been successfully governed by
very young heads of state, such a possibility is con-
stitutionally prohibited in the US system. Of course,
the legal restrictions can just as well go in the other
direction. For many years, and in many places, organ-
izations both private and public practiced mandatory
retirement. We will never know how many potential
achievements never saw the light of day because
individuals at age 65 suddenly found themselves
denied the resources to continue their work.

These institutional constraints cannot tell the
whole story, however. Other social realities have a
part to play as well. The US presidency provides an-
other illustration. Why is it that successful presiden-
tial candidates tend to be in their mid-50s, whereas
unsuccessful candidates tend to be either younger or
older? One could argue that this age function reflects
a fundamental necessity of presidential politics. In

order to get elected to the White House, one must
build a political base, a foundation that relies most
heavily on a candidate’s own cohort. Those who
are much younger than 50 probably have not yet
managed to construct the necessary broad support.
Furthermore, those who are much older than 50 will
likely see their political base erode as members of
their cohort retire or die and as younger politicians
recruit support from the younger generations. Hence,
the career trajectory here may represent nothing
more than the pragmatics of coalition formation. A
candidate’s intrinsic capacity for leadership may have
relatively little impact on this process.

Although these examples all focus on leadership,
social influences may determine the career trajecto-
ries for other forms of achievement as well. For
instance, the optimal age for creativity in scientific
disciplines tends to increase as a discipline matures. It
takes more time for individuals to acquire the nec-
essary expertise, and it requires more time to work
out the implications of any given idea. Moreover, we
have by no means discussed all the sociological pro-
cesses that affect the location of the age peak and
the magnitude of the post-peak decline. It should
suffice to say that the amount of achievement
that we can legitimately expect of older achievers
is a complex function of biological, psychological,
and sociological factors. Under the right combina-
tion of these factors, the amount of achievement that
we can anticipate from even octogenarians is truly
substantial.

See also: Creativity; Decision Making and Everyday Prob-
lem Solving; Learning; Productivity and Age; Work and
Employment: Individual.
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Glossary

Adaptation — The ability to maintain a consistent
view of the self over time, facilitated by the use of
coping strategies, that enhance the individual’s emo-
tional state and present the individual with viable
ways of making practical changes that compensate
for losses in physical and mental functioning.

Competence Adaptation Model — A model in which
optimal adaptation is theorized to occur when the
individual’s functional abilities are matched to the
degree of stimulation and challenge presented in
the environment.

Defense Mechanisms — Emotion-regulating strategies
through which individuals attempt to minimize
feelings of anxiety.

Identity Process Theory (IPT) — Theory that con-
ceptualizes identity as a biopsychosocial entity that
encompasses the individual’s self-representations
and experiences encountered in the realms of
physical, psychological, and social functioning.

Introduction

The search for the key to satisfactory adjustment
in old age is the basis of a significant body of work
within the fields of psychological and social geron-
tology. Some of the earliest research on personality
and social development in later life addressed
the enormously complex issue of trying to identify
the ‘best’ or most ‘successful’ way for the indi-
vidual to age. These empirical attempts involved the
description of different personality types who varied
in their approach to the aging process, from ‘disen-
gaged’ to ‘active.” Whether it was beneficial for
the older individual to take a passive or an active
approach to the aging process served as the touch-
stone for considerable controversy and debate
among gerontologists. A now-discredited view of
psychological aging, ‘disengagement theory,” pro-
posed that older adults become increasingly oriented
toward internal preoccupations as they face the
inevitability of death, and that this movement
inward was psychologically adaptive. Despite the

theory’s lack of support, there still persisted the
idea in the gerontological literature that with age,
individuals become more preoccupied with their own
psychological concerns and less oriented toward
other people.

The notion of a radical alteration in personality in
response to the aging process is not substantiated by
research. Instead, it is becoming recognized that the
challenges presented to the individual’s personality
by the aging process are adapted to according to
that individual’s personality. Successful adaptation to
the aging process is seen, in these terms, as involving
the ability to maintain a consistent view of the self
over time. In addition, the individual must adjust to
the normal physical changes brought about by aging;:
increases in chronic health problems, alterations in
social and community roles, and, ultimately, the
proximity of death. These adjustments are facilitated
by the use of coping strategies that enhance the
individual’s emotional state and present the individu-
al with viable ways of making practical changes that
can compensate for any losses in physical and mental
functioning.

Contemporary researchers are directing their ef-
forts, on the one hand, to this search for the optimal
path of adaptation to the demands and challenges
presented by the aging process and, on the other
hand, to the factors that increase the risk of depres-
sive reactions in later life. It is recognized that adap-
tation in later adulthood reflects a biopsychosocial
process reflecting the multidimensional influences of
biological, psychological, and social forces that have
operated throughout the individual’s life course.

Coping and Adaptation in Later Adulthood

The adaptational demands presented to the older
individual can be seen as challenges to the individu-
al’s ability to cope. Cognitive models of coping define
stress as the perception of threat. In later life, such
threats can come from events related to bereavement,
poor health, caregiving, fears of aging, risks to per-
sonal safety, threats to self-esteem, and uncertainty
of life beyond death. Often, these threats are of a
chronic nature. Coping, in turn, can take one of two
forms. In emotion-focused coping, individuals alter
their perceptions of a stressful situation; in problem-
focused coping, by contrast, individuals take actions
designed to change the situation itself. Passive, emo-
tion-focused coping strategies appear to characterize
the reactions of elders who are less successful in
managing stress. These strategies include self-blame,
wishful thinking, avoidance, fantasy, and escape into



30 Adaptation

drugs and alcohol. Unfortunately, people tend to at-
tribute mild, short-term symptoms to aging, leading
them to adopt more passive coping strategies, and it
is these strategies that ultimately can reduce health
status even further.

By contrast, successful elders use active, problem-
focused coping strategies, including sport and physi-
cal recreation, interacting with others for social
support, and keeping busy by participating in social
groups and learning new skills. Successful copers see
themselves as being in control of their experiences,
view themselves positively, and take a confrontive,
optimistic, and self-reliant approach to stressors.
In cases of chronic illness, they accept restrictions,
but still look for new possibilities in life. An active,
problem-focused coping style seems, then, to be posi-
tively associated with handling adversity in later life.
However, this style of coping does not necessarily
involve close self-scrutiny, introspection, or an inten-
sive process of life review. A positive orientation to
one’s past life based on involvement with family and
a focus on past successes may help the older adult
view the future more positively. For some indivi-
duals, prayer may prove beneficial as a coping
strategy that allows them to feel in control of, for
example, health-related stresses.

Defense mechanisms, emotion-regulating strate-
gies through which individuals attempt to minimize
feelings of anxiety, are closely related to coping in
that they help the individual manage stress. Age dif-
ferences in defense mechanisms and related coping
processes were the focus of two major cross-sectional
investigations. In general, older adults were better
able to manage their emotions through the use of
what were considered the ‘mature’ defense mecha-
nisms of controlling negative emotions or trying to
put the situation into perspective. Similarly, in their
coping strategies, older adults showed less of a ten-
dency than younger adults to react in self-destructive
or emotional ways. Aging individuals were more
likely to attempt to understand the situation and
figure out a way around it, through both problem-
focused coping and use of other strategies such
as suppressing their negative feelings or channeling
those feelings into productive activities. Younger
people, including adolescents and young adults, were
more likely to react to psychologically demanding
situations by acting out against others, projecting
their anger onto others, or regressing to more prim-
itive forms of behavior. Consistent with these find-
ings, a longitudinal study of over 2800 adults
studied from 1971 to 1994 revealed that aging was
associated with a decrease in negative affect.

Consistent gender differences have also emerged in
studies of defense mechanisms and coping. Regardless

of age, women are more likely to avoid unpleasant
or stressful situations, to blame themselves when
things go wrong, and to seek the support of others.
Men are more likely to externalize their feelings and
to use reaction formation.

There are significant ethnic and cultural variations
in coping strategies. Those older African Americans
who have had a lifetime of rehearsal in using social
support during times of stress and developing flexible
ways to seek help are in some ways better prepared
to cope with stress. Furthermore, while people
in many ethnic groups may experience a lifetime
of poverty and adversity African Americans who
do so may be better able to handle uncertainty.
However, they may face additional demands that tax
their adaptational resources, for example, when
they become caregivers to their grandchildren.
Although they may have strong support networks,
they are economically overwhelmed when they must
take on this role, as the majority of them live below
the poverty level. Nevertheless, African American
caregivers as a group, despite the economic and
physical strains they experience, have lower levels
of depression and caregiver burden than White
caregivers. In contrast, Hispanic and Asian Ameri-
can caregivers report higher levels of depression than
Whites. Apart from their reported emotional states,
all racial and ethnic minority caregivers are in poorer
physical health than their White counterparts, in-
dicating that lack of resources and feelings of filial
obligation ultimately take a higher toll.

Another strategy for adapting to stress involves the
process of social comparison, a mechanism that can
be used to assess one’s position in terms of the stereo-
types regarding age-related changes. Older individu-
als may use social comparison to help negotiate
potentially stressful transitions, such as having to
relocate their place of residence. In this sense, the
stereotypical view of the changes that come with
aging can serve to function in the adaptation process.
This view of aging can provide a set of ‘normative’
experiences and losses to which individuals can com-
pare and accept their own experiences. Also, such
stereotyped views of aging provide a buffer that can
protect one’s sense of well-being because one’s actual
experiences will, by comparison, appear more suc-
cessful and adaptive. The result of social comparison
is that older adults are able to maintain or even ex-
pand their degree of life satisfaction even as they
experience real age-related changes in functioning.

Religion also plays a role in adapting to difficult life
circumstances, serving as another important coping
resource for many older adults. Through involvement
in community religious activities, the individual can
access important social network resources as well as
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receive verification of his or her role as contri-
buting members of society. Belief in the values and
teaching of one’s religion can also provide the
individual with a source of inner strength and sense
of purpose in life. The sense of burden that elders
may feel in attempting to cope with their own
health problems or those of family members can be
alleviated when viewing these demands in terms of
fulfilling a higher purpose in life.

It appears that successful agers find ways to adapt
their coping strategies to reduce the stressors they
encounter in their daily lives. They also take
advantage of the principle ‘use it or lose it,” by find-
ing ways to compensate for physical and psycho-
logical changes associated with the normal aging
process that can potentially interfere with the ability
to perform daily activities and to cope successfully
with environmental stressors. These compensatory
activities may include regular and consistent involve-
ment in physical exercise, the seeking of intellectual
stimulation, and the willingness to take advantage
of commercially available prostheses such as proper
hearing aids and eyeglasses. Going beyond the
concept of coping, which implies a responsiveness
to externally produced events, some elders seek new
levels of personal growth and development through
constant searching for new opportunities to learn
and stay involved in the world around them. Further-
more, elderly adults with a lifetime of experiences
with stress have developed unique strengths to aid
them in this coping with the aging process.

Adaptation to the Environment

The quality of the physical and social environment
must also be considered in understanding adaptation
to changes associated with later life. Theoretical
models relating the individual’s adaptation to the
quality of the environment point to the need for
a match or ‘fit’ between the characteristics of the
individual and the demands of the environment. Per-
haps the most well-known of these approaches to
person—environment interaction is the competence
adaptation model. In this model, optimal adaptation
is theorized to occur when the individual’s functional
abilities are matched to the degree of stimulation and
challenge presented in the environment. Another as-
pect of person—environment fit involves the matching
of the individual’s motives and needs with the ‘press’
of the environment. An individual with a high need
for autonomy, according to this model, would be
optimally adjusted in an environment that promotes
and supports the independence of the individual. If
that environment fosters dependence, the individual’s
adaptive ability will be reduced. In other words,

using one’s personal resources proactively will result
in greater well-being than passively reacting to the
demands of the environment. This dynamic interplay
influences adaptation on the emotional or physical
level. Furthermore, without stimulation or reinforce-
ment for independent, autonomous behavior, it is
likely that the individual will enter a downward
spiral of accelerated deterioration and dependence.

Adaptation to Physical and Cognitive Changes

Physical and cognitive changes associated with aging
place demands on the individual’s ability to adapt
to the environment. When age-related changes create
difficulties in physical mobility, social interaction,
and everyday decision making, the individual’s qual-
ity of adaptation to the environment is compromised.
This reduced adaptive ability creates more problems
in daily life, as the individual finds it more difficult to
go about his or her daily routine. Equally important
is the effect of the individual’s lowered adaptability
on feelings of competence. Psychologists have long
argued that feelings of competence play a major role
in self-concept and identity. If the aging individual is
and feels less able to handle daily tasks, he or she
will begin to suffer losses in sense of self-esteem
and feelings of self-efficacy. Furthermore, this loss
of competence invades the individual’s sense
of stability and continuity over time, as the indivi-
dual is forced to redefine the self as less capable than
in earlier years. The overlay of negative social atti-
tudes toward the aging process further contributes to
the potential erosion of the individual’s identity as a
competent and worthwhile individual. All of these
changes may be reflected in a variety of psychological
symptoms and a further reduction of competence,
as the individual begins to live out a fatalistic self-
fulfilling prophecy in which he or she simply gives in
to the inevitability of the aging process.

Countering the downward spiral is the natural
spirit that many elders have as they approach the
aging process, in which they regard the changes with
age as a challenge not unlike the many others they
have faced in their long lives. Rather than become
demoralized by the awareness of a progressive deficit
in functioning, they seek ways to reverse or at least
slow down this manifestation of the aging process
and spontaneously compensate for loss of function-
ing in one area by building strengths in others.
Although these behaviors promote their adaptation
to the environment and maintain their sense of iden-
tity and self-efficacy, individuals who take this active
approach to the aging process run the risk of beco-
ming demoralized and frustrated when they are faced
with changes that they cannot overcome. They are
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particularly vulnerable to rapid-onset diseases that
negate their prior efforts to remain healthy and active.

Adaptation to Changes in Social Roles

In western society, great value is placed on the
individual’s economic productivity, which tradition-
ally is linked to worth. Due to the social and cultural
emphasis on economic worth, retirement presents
the potential for an individual to feel devalued and
stripped of social importance. Furthermore, given
the assumption that autonomy and independence are
desirable qualities, the reliance of older individuals
on the government or private pension plans for
subsistence can challenge their sense of well-being as
contributors to society. Added to these difficulties
are views of the older generation as a financial drain.
The news media’s coverage of the national debt
portrays elders as a drain on the budget due to the
vast funding needs of Medicare and Social Security.
Discussion of the health-care needs of the aging
population often focuses on dilemmas regarding pro-
longed treatments of terminally ill patients on life
support. As health-care costs skyrocket, older adults
are seen as presenting even more of a threat to over-
taxed public and private health-care insurance com-
panies. These negative attitudes can affect not only
people’s expectations about the process of aging, but
also the self-perception and affective experiences
of the older people who are at the heart of these
frightening scenarios.

Individuals may be expected to vary, however, in
the extent to which they incorporate society’s nega-
tive views about aging and older adults into their
identities and sense of well-being, particularly with
regard to the economic and psychological transitions
to retirement. For older adults socialized in the im-
portance of the work ethic, loss of their occupation
through retirement can be a major blow to their
sense of well-being. They may feel useless and regard
their lives as devoid of meaning. Other individuals,
however, may be able to draw upon their previous
identities within the world of work, defining them-
selves as retired ‘Xs,” where ‘X’ represents the indivi-
dual’s primary past occupation. Development of
involvement in leisure and recreational activities
prior to retirement may also moderate the indivi-
dual’s response to retirement. An individual who
maintains an active lifestyle can adjust more readily
to the disappearance of work from daily routines
than an individual whose work completely deter-
mined the activities of his or her daily life.

Changes within the context of the family represent
another challenge to adaptation for the aging in-
dividual. Married couples experience a number of

changes associated with the aging process that
can pose significant threats to the later-life relation-
ship and, ultimately, each individual’s sense of
well-being. The task of caring for a married elder
who becomes infirmed due to physical changes
or Alzheimer’s disease typically falls to the spouse,
and can be a source of unending stress and burden.
Another set of challenges pertains to the area of
sexuality. There are many common stereotypes and
misconceptions regarding the potential for enjoy-
ment in the later years. Older couples can sometimes
be affected by these negative, and usually inaccurate,
beliefs. For example, some individuals might think
that it is abnormal, or even morally wrong, to main-
tain an active sexual life into their later years. But for
most couples, sexual intimacy does remain an im-
portant component of the relationship over the years
of marriage. Even if this intimacy does not consist
of sexual intercourse, the expression of affection
and loyalty can become very important in the later
years. It is worth noting that although older couples
still view sexual intimacy as important, they also
place a greater value on qualities that develop over
time, such as security and level of commitment to
each other.

The exit from and reentry to the home by grown
children is increasingly becoming an adaptational
challenge due to economic changes affecting the
job options for young adults. Changes caused by the
movement of children into and out of the home affect
not only the physical space and privacy of the older
couple, but also their intimate relationships. The re-
turn of adult children can require the older couple to
reestablish interaction patterns within the household
that are more characteristic of their middle adult
years, leading to an exacerbation of potential stresses
existing at that time.

Traditionally, households had only one person
who retired from the workplace, but here again,
patterns are changing so that there are increasing
numbers of households in which both partners are
employed. In this case, the couple may chose to retire
at different times or plan their retirement together.
Choosing to retire in an unsynchronized fashion can
have a major impact on intimacy due to the fact that
each partner in the relationship faces role changes at
different times, making the adjustment to a new life-
style as a couple potentially more challenging. After
retirement, the daily lives of both members in the
relationship change drastically. Time once occupied
by the requirements of work no longer presents a
restriction, and other activities must be found to take
its place. As a result of this transition, couples find
that they are able to spend a considerably greater
amount of time on the growth of their relationship,
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perhaps narrowing their interactions increasingly to
each other and a few close friends. This increased
time together may have favorable effects. Couples
who remain together can become more accepting,
tolerant, and respectful of their partners, and behave
in ways that are more affectionate and loving. The
increase in free time may lead some couples to
spend some of that time interacting with friends, an
activity that can bolster marital satisfaction through
strengthening the partners’ identity as a couple.

There can be benefits, then, as well as challenges,
as the married couple ages. Personal differences,
which for many years may have been held in abey-
ance due to the competing demands of children and
work, often come back into focus at this time. In
learning to interact as a dyad once again, the couple
is often faced with the challenge of developing new
ways to communicate and make decisions. By iden-
tifying and working out solutions to marital diffi-
culties, the couple can often maintain a satisfying
relationship as well as develop an even greater level
of enjoyment from the partnership. This is an espe-
cially challenging task in the postretirement years,
because the couple will be not only working on their
relationship together, but also learning to restructure
their own personal time.

The Role of Identity

The process of adaptation may also be seen as
involving psychosocial factors relating to the quality
of the individual’s investment in relationships, un-
derstanding of one’s place in the life course, and res-
olution of issues related to mortality. These factors
are best understood in the context of Erikson’s (1963)
eight-stage psychosocial model of the life cycle, in
which it is assumed that change occurs systematically
throughout the years of adulthood. Erikson proposed
that after adolescence, with its often tumultuous
search for identity, adults pass through three psycho-
social crisis stages. The stages corresponding to the
early and middle adult years focus on the establish-
ment of close interpersonal relationships (intimacy
vs. isolation) and the passing on to the future of one’s
creative products (generativity vs. stagnation). In the
final stage (ego integrity vs. despair), the individual
must resolve conflicted feelings about the past, adapt
to the changes associated with the aging process,
and come to grips with the inevitability of death.
Erikson’s ideas, although difficult to operationa-
lize, have provided a major intellectual inspiration
to workers in the field of personality development in
adulthood and old age.

In Erikson’s model, each psychosocial crisis is the-
orized to offer an opportunity for the development of

a new function or facet of the ego. However, the
crisis involving identity has special significance, as
it establishes the most important functions of the
ego: self-definition and self-awareness. Following the
development of identity, according to Erikson, addi-
tional functions of the ego, including love, care, and
wisdom, can evolve. In old age, according to Erikson,
the individual engages in a process of reviewing
past experiences and incorporating those into a co-
hesive and positive identity. The sense of identity that
emerges from this process, which Erikson called ‘ex-
istential’ identity, plays an important role in adapta-
tion to the changes experienced in later life and
the ability to meet death without fear. For some
elders, this process might involve a reassessment of
past goals and expectations to meet future needs;
for others, it might mean taking the time to examine
their sense of self and to conform their identity to the
life that they have actually lived.

Models of coping tend to focus on ways in which
individuals appraise and attempt to reduce stress
by adopting particular interpretations of themselves
in relation to threat. However, traditional models of
coping do not incorporate the notion of the self in
the sense of examining how individuals interpret
events as reflections of or challenges to their sense
of identity. This failure to address the role of iden-
tity ignores an important component of the stress—
environment appraisal equation in two important
ways. First, successful coping can be seen as a self-
enhancing process that can improve the individual’s
well-being. Second, many events are appraised as
stressful if they challenge the individual’s self-
conceptions or are seen as threats because the indivi-
dual believes that he or she lacks important coping
skills. Older adults may find even a seemingly in-
nocuous event, such as a friendly bridge game, highly
stressful if they feel that their ability to count the
cards that have been played has suddenly vanished.

Adding identity to the stress and coping formula-
tion brings in this crucial dimension. Erikson’s frame-
work provides a starting place for examining identity
in adulthood, but it stops short of postulating how
identity may continuously develop throughout a
life of experiences that can lead to the growth and
differentiation of the individual’s basic sense of self.
Identity process theory (IPT) conceptualizes iden-
tity as a biopsychosocial entity that encompasses
the individual’s self-representations and experiences
encountered in the realms of physical, psycholo-
gical, and social functioning. Using IPT, we can ex-
pand and deepen our understanding of adaptation
throughout the years of adulthood.

As a biopsychosocial entity, identity includes mul-
tiple dimensions of self-schemas. These are physical
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(able to lift a heavy weight), cognitive (able to re-
member a telephone number), and social (holding
valued roles in the community). The majority of in-
dividuals tend to have positive self-schemas in which
they view themselves as competent, effective, and
important to others in their social network.

IPT proposes that individual development in adult-
hood can be best understood according to the relative
use of three identity processes: identity assimilation,
identity accommodation, and identity balance. Al-
though individuals rely on all three sets of processes,
they do so to differing degrees. Identity assimilation
refers to the interpretation of identity salient experi-
ences in terms of previously established schemas that
include thoughts and feelings about the self. When
individuals use identity assimilation, they tend to
minimize the impact of age-related experiences that
might challenge their self-schemas as able and com-
petent, such as forgetting an important fact or a
relative’s birthday.

Because identity assimilation serves to protect the
individual from potentially negative feedback about
the self, it helps to bolster the individual’s well-being.
Unfortunately, there may be risks involved in using
identity assimilation to the point where protec-
tion becomes denial of potentially important infor-
mation about the self. For example, by using identity
assimilation to an undue degree, an older adult with
arthritis may injure an already ailing joint by over-
exertion.

In contrast to the minimization of potentially
negative information associated with identity assimi-
lation is the process of identity accommodation,
which involves changes in identity in response to new
experiences. On the positive side, the individual does
not suffer from the denials and distortions that can
lead to negative consequences in people who use
identity assimilation. In terms of adaptation, it is
identity accommodation that accounts for making
necessary changes in the self in response to experi-
ences that demand change. The cost of identity ac-
commodation, however, is the tendency to become
prematurely ‘old’ from a psychological point of view.
People who rely heavily on identity accommodation
overreact to even small and seemingly unimportant
changes, such as assuming that a small error of
memory is a sign of impending senility. Instead of
using the experience as an instigation to learn new
memory strategies, when the problem reoccurs, the
individual who overuses identity accommodation
simply gives up and concludes that there is no point
to fighting the inevitable. Thus, what is essentially an
adaptive process becomes twisted into a process that
cascades toward even greater losses and further
negative changes in identity.

As adaptive processes, identity assimilation and
identity accommodation both have virtues, but they
also carry significant dangers. The ideal adaptive
approach incorporates both processes, and is called
identity balance. Individuals who use identity bal-
ance maintain a stable sense of self in confron-
ting age-related changes while nevertheless findings
ways to make necessary changes that ensue from
these changes. This dynamic balance or equilibrium
between assimilation and accommodation is associa-
ted with positive self-esteem.

Cultural factors may also play a role in affecting
the individual’s use of identity processes and the im-
pact of these processes on self-esteem. Older Ameri-
cans may be particularly likely to use assimilation,
which is, in many ways, the kind of ‘can-do’ stoicism
predominant during their formative years of early
adulthood in the Depression and World War II years.
By contrast, older adults who spent their youth in
war-torn Europe may have adapted to the constant
levels of stress associated with living under constant
siege by developing a more pessimistic approach, in
which accommodation becomes the predominant
mode of adapting to negative experiences.

In general, positive affect toward one’s life is re-
lated to a lack of preoccupation with the past, in-
volvement with family, and a turning outward rather
than inward. In contrast, a focus on the past and
involvement in one’s own personal losses rather than
involvement with family is a feature of poorer adap-
tation and lower levels of well-being. These findings
counter what we examine next in relation to adap-
tation: the role of reminiscence, life review, and
development of a sense of ego integrity.

Ego Integrity and Adaptation in Old Age

In addition to the development of an existential
identity in later adulthood, Erikson proposed that the
end of life brings with it concerns regarding ego
integrity — the achievement of a sense of wholeness
and completion in one’s life and self. According
to Erikson, the optimally adjusted older adult is one
who has achieved a state of ego integrity and who
can look at the past without regrets and the future
without fear. Such an individual experiences a posi-
tive attitude toward life, accepts life for what it was,
has a sense of accomplishment, and feels that if life
could be lived over again, it would be done so with-
out major changes. This sense of accomplishment
and completion allows the individual to face death
and not see it as a premature ending or even some-
thing to be dreaded. By contrast, older adults who
feel that they did not fulfill their potential or who
have a weak and fragmented sense of self are in
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a state of despair. Such individuals constantly regret
past decisions and wish they could live their lives
over again. They fear death because it will occur be-
fore they have corrected their past errors.

At the intersection of identity with ego integrity can
be seen very different sets of reactions to the aging
process. The individual characterized by despair
views each physical, cognitive, and social loss as a
constant reminder of impending death. This indivi-
dual will be constantly subjected to new threats and
will need to resort to identity assimilation as a way of
protecting the self from these threats. Conversely, the
individual who has achieved ego integrity does not
fear aging or the future and is able to respond to
aging changes in a more balanced manner.

The state of ego integrity is one that is not easily
achieved, particularly in a society that is character-
ized by an emphasis on materialistic and individual-
istic values. For older adults who have successfully
adapted to prior life crises, the sheer number of losses
and changes in old age presents a far greater
challenge. A stable but flexible identity as well as a
sense of acceptance of the life that has been lived
appear to be the major factors involved in successful
adaptation to the aging process. However, there may
be multiple paths to adapting to the changes asso-
ciated with the aging process. For some older adults
who are more philosophically inclined (and perhaps
who have the benefits of being more highly edu-
cated), a critical examination of the self in relation
to past experiences may provide the impetus for
movement into a final stage of self-integration. Other
older adults may adapt successfully by taking a more
active approach — engaging in behaviors that main-
tain their physical and cognitive functioning while
giving little thought to the larger implications of the
aging process for the sense of self (accommodation in
the service of assimilation). Finally, there are those
elders whose involvement in issues external to the
self, such as family, religion, or other formal and
informal roles, helps maintain their sense of opti-
mism and purpose in life. In helping older individuals
achieve a state of optimal adjustment, it is important
to remember that there are multiple paths to suc-
cessful adaptation, reflecting the continuity of the
individual’s lifelong personality patterns, social con-
text, and adaptational demands.

See also: Productivity and Age; Psychological Well-Being;
Religion and Spirituality; Self Esteem.
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Glossary

Drug — Any substance, neutral or synthetic, that by
its chemical nature alters structure or function in
the living organism.

Drug Addiction — Chronic and relapsing drug-taking
behavior characterized by compulsive drug seeking
and abuse and by long-lasting chemical changes
in the brain. Drug seeking becomes compulsive, in
large part, as a result of the effects of prolonged
drug use on brain functioning and on behavior.

Drug-Taking Behavior — A neutral term that des-
cribes drug use, inferring that use of drugs can be
explained in the same terms as any other form of
behavior.

Psychoactive Drug — Any chemical substance that
alters mood, perception, or consciousness.

Substance Abuse — Inappropriate or excessive drug-
taking behavior to produce pleasure, to alleviate
stress, or to alter or avoid reality (or all three);
such use may be dangerous or undesirable to the
individual or community.

Tolerance — A diminished response to the same dose
of a drug as a result of prior use of the drug. Once

Whitbourne SK (1996) Psychosocial perspectives on emo-
tions: the role of identity in the aging process. In: Magai
C and McFadden SH (eds.) Handbook of Emotion,
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CA: Academic Press, Inc.

Whitbourne SK (2005) Adult Development and Aging: Bio-
psychosocial Perspectives, 2nd edn. New York: Wiley.
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tolerance sets in, more of the drug is required to
achieve its initial effects.

Introduction

This article provides an overview of the nature of
psychoactive drugs and their actions. It also describes
advances in understanding of how drug addiction
occurs, emphasizing that drug addiction is the func-
tion of chemical changes in the brain following drug
use that alters functioning in a manner that results
in dependence on a drug. The article concludes with
a discussion of elder drug abuse, specifically focusing
on prescription drug abuse/misuse and on drinking
among the elderly.

Understanding Addiction as a Brain
Disease

Addiction is more than frequent drug use. Recent
scientific research provides strong evidence that drugs
not only interfere with normal brain functioning
but also have long-term effects on brain metabolism
and activity. Those addicted to drugs experience
compulsive drug craving and cannot quit by them-
selves. Treatment is necessary to end this compulsive
behavior.

Repeated use of a drug results in chemical and mole-
cular alterations in the brain, and such changes have
become equated with drug dependence. Although
a person can initially be introduced into using drugs
because of genetic, psychological, and sociocultural
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factors, once a drug is taken, the drug-taking behavior
itself may promote continued drug-seeking behavior
via the changes caused in the brain. Continuous
drug use leads to a cascade of intracellular events that
changes the excitability of cells and ultimately alters
neuronal circuit activity. These alterations are believed
to elicit changes that provoke acute positive rein-
forcing effects because of drug interactions with
individual transmitter systems within the general
reward circuitry of the brain (i.e., the limbic system).
Long-term drug effects include tolerance, sensitization,
dependence, and withdrawal. Because these changes in
reward circuitry are neuroadaptations, drug addiction
may be defined as a brain disease.

It is as if there is a switch in the brain that turns on
at some point during a person’s drug-taking behavior.
This switch flips on at different points for different
drugs and different individuals, but once it is on, it
fundamentally changes the user from a drug user/
abuser to a drug addict.

Drugs and Drug Effects

A scientific definition of a drug is any substance,
natural or synthetic, that, by its chemical nature, al-
ters structure or function in the living organism. This
broad definition encompasses many chemical com-
pounds, some of which have the capacity to induce an
altered state of consciousness. A psychoactive drug
is any substance that alters consciousness, mood,
or perception. Psychoactive drugs can be grouped
into five categories based on their behavioral effects:
(1) sedative-hypnotic compounds, (2) behavioral sti-
mulants, (3) narcotic analgesics (opiates), (4) anti-
psychotic agents, and (5) psychedelics/hallucinogens.

Drug effects, however, vary widely and are often
unpredictable, depending on such factors as mood,
expectations of what the drug will do, previous ex-
perience with the drug, the route of administra-
tion, the nature and potency of the drug used, and
the setting in which it is used. What follows is a very
brief description of some of the major psychoactive
agents that are used to alter mood, perception, or
consciousness.

Central Nervous System Depressants
(Sedative-Hypnotics)

Sedative-hypnotic drugs depress the functioning of the
central nervous system (CNS), resulting in a reduction
of neural activity and level of awareness. They include
barbiturates and non-barbiturate hypnotics, anti-
anxiety agents (minor tranquilizers such as Valium
or Librium), and alcohol, which is classified as a
sedative-hypnotic because of its behavioral effects, but

it is not structurally related to the barbiturates or
other such compounds. Some of the better-known
barbiturates are secobarbital (Seconal), pentobarbital
(Numbutal), and methaqualone (Quaalude).

Physiologically, CNS depressants lower blood
pressure and respiration, slow speech, and alter
consciousness. Tolerance develops from use over a
lengthy time period, and physical dependence may
also occur. Most CNS depressants act on the brain
similarly — they affect the neurotransmitter y-amino-
butyric acid (GABA). Neurotransmitters are brain
chemicals that facilitate communication between
brain cells. GABA works by decreasing brain activity.
Although different classes of CNS depressants work
in unique ways, ultimately it is their ability to in-
crease GABA activity that produces a drowsy or
calming effect.

Discontinuing prolonged use of high doses of CNS
depressants can lead to withdrawal. Because they
work by slowing the brain’s activity, a potential con-
sequence of abuse is that when one stops taking a
CNS depressant, the brain’s activity can rebound to
the point that seizures can occur.

Central Nervous System Stimulants

CNS stimulants consist of a variety of chemical
agents that vary in mechanisms of action and
chemical structure. There are four categories of
CNS stimulants: (1) behavioral stimulants, which
include cocaine and amfetamines; (2) clinical anti-
depressants; (3) convulsants such as strychnine; and
(4) general cellular stimulants, which include caffeine
and nicotine.

Behavioral stimulants include amfetamines and
cocaine. There are three chemically similar types of
amfetamines: (1) amfetamine (racemic amfetamine
sulfate, formerly Benzedrine), (2) dextroamfetamine
sulfate (Dexedrine and Obetrol), and (3) metham-
fetamine hydrochloride (Desoxyn).

Amfetamines cause an increase in heart rate and
body temperature and can raise both systolic and
diastolic blood pressure, increasing respiration
and circulation. Pupils, blood vessels (vasodilation),
and the air passages of the lungs (bronchodilation)
are dilated.

Methamfetamine is a CNS stimulant chemically
related to amfetamine, but its CNS effects are
greater. Usage of methamfetamine has increased in
recent years. Crystal meth is an extremely pure form
of methamfetamine (between 98 and 100%). Met-
hamfetamine releases high levels of the neurotrans-
mitter dopamine, which stimulates brain cells. It also
appears to have a neurotoxic effect, damaging brain
cells that contain dopamine as well as serotonin.
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Over time, methamfetamine appears to cause re-
duced levels of dopamine, which can result in symp-
toms like those of Parkinson’s disease.

Methamfetamine causes increased heart rate and
blood pressure and can cause irreversible damage to
blood vessels in the brain, producing strokes. Other
effects of methamfetamine include respiratory prob-
lems, irregular heartbeat, and extreme anorexia. Its
use can result in cardiovascular collapse and death.

Cocaine is an alkaloid obtained from the coca
plant. Cocaine is a short-acting but powerful stimu-
lant similar in many ways to amfetamines. Crack is
cocaine mixed with non-volatile chemicals to create
a 75% cocaine paste.

Cocaine’s physical effects include constricted blood
vessels, dilated pupils, and increased temperature,
heart rate, and blood pressure. It is known to pro-
duce its effects by acting on structures deep in the
brain associated with experiencing pleasure (i.e., the
limbic system, which is rich in receptor sites for dop-
amine, a neurotransmitter). In the normal communi-
cation process, dopamine is released by a neuron into
the synapse, where it can bind with dopamine recep-
tors on neighboring neurons. Normally, dop-
amine is then recycled back into the transmitting
neuron by a specialized protein called the dopamine
transporter. If cocaine is present, it attaches to
the dopamine transporter and blocks the normal re-
cycling process, resulting in a buildup of dopamine in
the synapse. As cocaine abuse continues, tolerance
often develops. This means that higher doses and
more frequent use of cocaine are required for the
brain to register the same level of pleasure experi-
enced during initial use.

Narcotic Analgesics (Opiates or Opioids)

The term narcotic has generally been used to refer to
opium and opium derivatives that are obtained from
the oriental poppy, but it has also come to include
other drugs that are semisynthetic or wholly synthetic
opiates. There are three types of opiates: (1) natural
opiates, which are obtained directly from opium,
such as morphine and codeine; (2) semisynthetic
opiates, which are chemically prepared derivatives
of morphine or codeine, such as Dilaudid (dihydro-
morphine), heroin, and Metopon (methyldihydro-
morphine); and (3) synthetic opiates, which are
chemically synthesized analgesics whose effects are
similar to morphine, such as propoxyphene (Dar-
von), methadone (Dolphin), meperidine (Demerol),
and pentazocine (Talwin).

One of the major effects of opiates and opiate deri-
vatives on the body is nausea and vomiting. Opiates
stimulate a part of the brain called the chemoreceptor

trigger zone (CTZ), which senses impurities in the
blood and stimulates a center that causes vomiting.
Opiates constrict the pupils, depress reflexes, and
may lower blood pressure due to dilation of peri-
pheral blood vessels. Flushing may be experienced
and sweating usually occurs. Continued use of opi-
ates is known to reduce sexual functioning, thought
to be associated with a decrease in the level of sex
hormones in both genders. Opium and its derivatives
can remain in the body for 2-3 days.

The CNS contains specific receptor sites for natural
opiate-like chemical substances (endorphins, enke-
phalins, etc.) that specifically abound in the limbic
system, and opioids interact with these receptors.
These receptor sites are not the normal postsynaptic
receptor sites involved in synaptic transmission — they
are special proteins to which narcotic drugs are
attracted, and it is postulated that these sites can also
be occupied by heroin, morphine, and other opiate
derivatives. The binding of a narcotic drug to these
receptor sites, which is believed to cause an inhibi-
tion of the release of dopamine, norepinephrine, se-
rotonin, and other neurotransmitters, seems to be the
preliminary step in the initiation of both physiologi-
cal and behavioral effects, but exactly how these
effects occur remains to be discovered.

Hallucinogens (Mind-Altering Drugs)

Hallucinogens or psychedelics refer to the different
classes of drugs that involve visual, auditory, or other
hallucinatory experiences, and that create a sensation
of feeling separated from reality. They achieve their
effects chiefly by disrupting the interaction of nerve
cells by interfering with the transmission of sero-
tonin. Distributed throughout the brain and spinal
cord, the serotonin system is involved in the control
of behavioral, perceptual, and regulatory systems,
including mood, hunger, body temperature, sexual
behavior, muscle control, and sensory perception.
Common hallucinogens include lysergic acid diethl-
amide-25 (LSD), psilocybin and psilocin, mescaline,
and phencyclidine (PCP).

Marijuana

Marijuana is derived from the dried and chopped-up
leaves, flowers, stem, and seeds of the hemp plant.
More than 400 closely related chemicals have been
isolated from the cannabis plant, which are col-
lectively called cannabinoids, of which THC (delta-9-
tetrahydrocannabinol) is believed to be the primary
psychoactive or mind-altering compound. Today’s
marijuana is much more potent than that used in
the early 1970s, up to greater than 30% more potent
in some instances, and as the potency of the plant
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increases there is a corresponding increase in its
psychopharmacological effects.

Volatile Solvents (Inhalants)

Volatile solvents or inhalants are chemicals whose
vapors, when inhaled, can produce psychoactive
effects. Many of these chemicals are industrial sol-
vents or aerosols, not pharmacological remedies. The
pharmacological chemicals included in this category
are anesthetics and other compounds that are inhal-
able. Volatile inhalants are grouped into three cate-
gories: organic solvents (hydrocarbons), volatile
nitrates, and nitrous oxide.

The effect of these chemicals is a rapid general
depression of the CNS. Chemical solvents can be
highly toxic, and death or severe physical damage
can result from their use. Death occurs from liver,
kidney, bone marrow, or other organ failure; as-
phyxiation; paralysis of breathing mechanisms; or
accidents as a result of being inebriated. Continued
use of these drugs can lead to kidney, liver, lung, and
brain damage.

Look-Alike Drugs

Look-alikes are psychoactive drugs whose name or
appearance suggests psychoactive effects similar to
another psychoactive drug. Many look-alikes are
sold as drugs of deception and do not contain the
drugs they are represented to be. Look-alikes gene-
rally consist of three substances: caffeine; ephedrine
(or pseudoephedrine), a CNS stimulant; and phenyl-
propanolamine (PPA), a bronchodilator and respira-
tory decongestant. The substitute or look-alike drugs
can cause serious side effects, ranging from sleep
disturbances to psychotic episodes.

Club or Designer Drugs

Designer drugs mimic the effects of illegal drugs.
Thirty-five variants or analogs have been synthesized
from PCP. Several dozen analogs of methamfeta-
mine have also been produced. Ecstasy, MDMA (3-4
methylenedioxy-methamfetamine), is a synthetic,
psychoactive drug chemically similar to the stimu-
lant methamfetamine and the hallucinogen mesca-
line. Research suggests that chronic MDMA use can
lead to changes in brain function, affecting cognitive
tasks and memory. MDMA can also lead to symp-
toms of depression several days after its use. These
symptoms may occur because of MDMA’s effects
on neurons that use the chemical serotonin to com-
municate with other neurons. The serotonin system
plays an important role in regulating mood, aggres-
sion, sexual activity, sleep, and sensitivity to pain.

Prescription Drug Abuse and Addiction:
The Elderly at Risk

The non-medical use or abuse of prescription drugs is
a serious and growing public health problem. Accor-
ding to the Center for Substance Abuse Treatment,
“substance abuse, particularly of alcohol and pre-
scription drugs, among adults 60 and older is one
of the fastest growing health problems facing the
country. Yet, even as the number of older adults
suffering from these disorders climbs, the situation
remains underestimated, underidentified, under-
diagnosed, and undertreated” (2001: 1).

Prescriptive drug abuse or misuse occurs when
people, purposely or accidentally, use medications
in a manner that deviates from the recommended
prescribed dose or instruction. Misuse may include
overuse because of a belief that more is better, as
well as underuse due to cost issues or as a method to
avoid side effects. Abuse of prescribed or over-the-
counter (OTC) drugs occurs when a person continues
to use the drug even when it is not required for the
primary purpose for which it was recommended, or
when the person takes it in greater than recom-
mended amounts because of its psychotropic effects.

The elderly are particularly vulnerable to prescrip-
tion drug abuse or misuse because they tend to be
prescribed more medications than necessary to treat
their conditions than younger persons. Additionally,
the onset of dementia in its various forms contributes
to confusion about what, when, and how much
medication needs to be taken. Many elderly people
need help to take their medications correctly.

Although many of the prescribed drugs have the
potential to be abused or misused, three types of
drugs are chiefly involved in elder abuse: opioids,
frequently provided for pain relief; CNS depres-
sants, prescribed for anxiety and sleep disorders; and
stimulants, prescribed to treat sleep disorder narco-
lepsy and attention-deficit hyperactivity disorder
(ADHD). These three drugs, as described earlier,
have the capacity to alter the brain’s activity, leading
to addiction.

Older people may be prescribed more drugs than
they require because of the way drugs are now mar-
keted (i.e., advertised in a manner that guides per-
sons to ask their physician to prescribe a specific drug
for a given condition), resulting in doctors writing
scripts to satisfy their patient’s demands. Addition-
ally, the increasing number of medicines being pre-
scribed for a variety of health problems, many of
which can easily be obtained from online pharma-
cies, also contributes to elder misuse of prescriptive
drugs. Most of these online pharmacies are legitimate
businesses that provide an important service, but
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some dispense medications without a prescription
and without appropriate identity verification.

A variety of other factors also influences the use
and potential for misuse or abuse of psychoactive
prescription drugs and OTC medications by older
adults. The aging process, with its physiological
changes, accumulating physical health problems, and
other psychosocial stressors, makes prescription drug
use both more likely and more risky.

Further, older people are more likely to be pre-
scribed long-term and multiple prescriptions that can
lead to unintentional misuse. The elderly are also at
risk for prescription drug abuse because they may
unintentionally take medications that are not med-
ically necessary. In addition to prescription medica-
tions, a large percentage of older adults also use
OTC medicines and dietary supplements. Because of
the high rates of comorbid illnesses in the elderly,
changes in drug metabolism with age, and the po-
tential for drug interactions, prescription and OTC
drug abuse and misuse can have more adverse health
consequences among the elderly than are likely to be
seen in a younger population.

Elderly persons who take benzodiazepines are at
increased risk for cognitive impairment associated
with such use, leading to possible falls (causing hip
and thigh fractures), as well as vehicle accidents.
However, cognitive impairment may be reversible
once the drug is discontinued.

A variety of health-care system-related and envi-
ronmental factors helps to place older adult users of
psychoactive prescription drugs at risk for misuse of
these substances, serious adverse effects, or abuse
and dependence. Potentially dangerous prescribing
practices include ordering medications without ade-
quate diagnoses or other documented indicators
of symptoms, prescribing them for too long a time
without appropriate medical monitoring of drug
reactions and patient compliance with the prescribed
regimen, selecting drugs known to have a high
potential for side effects in older adults at the doses
given, ordering drugs without knowing or reviewing
whether they interact adversely with other medica-
tions the patient is taking, and failing to provide ad-
equate and comprehensible instructions for patients
regarding how and when to take medications and
what side effects to expect and report. Drug misuse
also includes failure to consider the influence of aging
on the effects of drugs in the body.

Alcohol and Aging

Drinking is continuing to be recognized as a problem
among the elderly. Although there are similarities in
the drinking practices of older and younger drinkers,

the problem presents a specific difficulty because
there is a difference in the way older and younger
people respond to alcohol. This difference stems
from the physiological changes associated with the
aging process. Additionally, people 65 and older tend
to be affected by at least one chronic disorder that
makes them more vulnerable to the adverse effects of
drinking than younger people.

Risk factors for alcohol abuse include the following:

1. Gender: Research has indicated that older men,
compared to older women, tend to develop drink-
ing problems. Older women are less likely to
drink, and among those who drink, they tend to
drink less heavily than older men.

2. Loss of spouse: Drinking has been found to be
more prevalent among older adults who have been
separated or divorced and among widowed men.

3. Other losses: Other types of losses that contribute
to drinking among older people are the loss of
family members and friends to death, the loss of a
sense of self-worth due to retirement, diminished
mobility, impaired sensory capabilities, and de-
clining health. Drinking, in many instances, may
be a way to cope with the grief associated with
such losses. Loss of independence, when the need
to be placed in a caregiving facility arises, is also a
factor related to the onset of drinking.

4. Earlier drinking and/or drug abuse: Having expe-
rienced a drinking or drug-related problem earlier
in life presents a significant risk factor to resump-
tion of former drinking or drug use. Such resump-
tion may be related to the stress associated with
aging, exacerbated by one or more of the types of
losses noted earlier.

5. Family history of alcoholism: Research clearly in-
dicates that drinking behavior is genetically influ-
enced, thereby placing a person with a history of
family drinking at risk for drinking-related prob-
lems throughout life.

Concluding Remarks

Drugs, in one form or another, have been available
since the dawn of civilization, and they have been
used for different purposes in different cultures. Many
of the substances were, and continue to be, employed
for their medicinal qualities. Today, however, because
of the pharmacological revolution that is taking place,
many more drugs are available. It is important to be
aware of the nature of drugs, their psychopharma-
cological effects, and the adverse reactions that they
can induce, especially among the elderly.

See also: Alcohol and Drugs; Pharmacology.
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Glossary

Education — The process of acquiring abilities, skills,
experiences, and knowledge systems as well as the
results of this process.

Formal Learning — Learning in institutional contexts,
with structured objectives, contents and methods,
and which evaluated, documented, and certified.

Informal Learning — Learning that results from daily
activities in the context of work, family, and lei-
sure time, and which does not have structured ob-
jectives, contents, methods or evaluation.

Life Competencies — Experiences, strategies, and
knowledge systems that people have acquired in
earlier phases of their life span that enable them to
maintain or reestablish a personally satisfying per-
spective on their life when confronted with serious
problems, tasks, and challenges, in later years.

Introduction

The term education describes the process of acquir-
ing abilities, skills, experiences, and knowledge sys-
tems as well as the results of this process. Specific
contents of education reflect general cultural values
and preferences of social environments and milieus,
social change, and societal progress. Analyses of
social environments and milieus confirm marked dif-
ferences in formative educational experiences during
childhood and youth, expectations and subjective
conceptions of education, interests and barriers in
extended vocational and general education, demands
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for methods and atmosphere, interest in educational
content related to personality, health and key quali-
fications, competence, and informal learning, and the
subjective attractiveness of alternative providers of
education. Since the contents of education necessary
for success in a given culture change continuously — it
is assumed that the knowledge of mankind doubles
approximately every 40 years, and in some economic
sectors as often as every 6 months — educational
activities can neither be concentrated in nor restric-
ted to a single phase of the life span.

Interest in individual educational activities in
adulthood is determined by lifelong interactions be-
tween opportunities and the necessity to learn new
things and by the degree of openness to new experi-
ences and knowledge systems. A comprehensive
understanding of education is not confined to the
acquisition of knowledge systems, but considers ex-
plicitly the abilities, skills, and experiences essential
for creative ways of using knowledge to cope effec-
tively with actual and (potential) future tasks and
challenges. Moreover, the significance of education
for the development of the individual is confined
neither to his or her working life nor to the occupa-
tional sphere. In addition to occupation-related aims
such as economic growth, maintenance or enhance-
ment of innovative potentials, and individual em-
ployability, independence, self-determination, and
social participation are principal aims of education
in adulthood and old age to support the realization
and perfection of a multitude of individual leisure
activities and interests.

A comprehensive understanding of education
should consider formal, non-formal, and informal
learning. Formal learning typically refers to institu-
tional contexts and is structured in terms of educa-
tional objectives, contents, methods, and evaluation.
Formal learning is regularly documented and certi-
fied. By contrast, non-formal learning results from
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daily activities in the context of work, family,
and leisure time and is not structured by learning
objectives, contents, methods, and evaluation. The
main difference between non-formal and informal
learning is that the latter refers to unstructured
learning processes outside educational institutions,
but is not systematic or intentional.

Education also comprises exchange processes
among equal partners in social interaction in every-
day life. On the condition that the experiences
of older people are taken seriously, even apparently
incidental intergenerational contacts might offer
opportunities for the younger generation to benefit
from older people’s creative modes of successful co-
ping with tasks and challenges. Accordingly, the pos-
sibilities and limits of a more effective use of the
potentials of intergenerational learning are related to
the socialization of old age in society. In this regard
it is of particular importance whether old age and
aging are constructed and represented as a social
problem and whether negative stereotypes of old age
and aging are salient in intergenerational contacts.

Life Span Development and Education

From an educational perspective, life span develop-
ment can be described as a continuous and active
process of coping with developmental tasks, i.e.,
demands, challenges, and chances that depend on
people’s environment and life situation in given
phases of the aging process. Specific developmental
tasks are conceptualized as a consequence of the in-
teraction between biological maturity, normative
conceptions of successful aging, or development in
society and individual plans, aims, needs, and values.
The significance of environment and life situation
for life span development is twofold: first, coping
successfully with demands of the environment
and life situation increases the potential for coping
with future demands and initiates further develop-
ment; second, chances offered by environment and
life situation contribute to the realization of specific
developmental gains.

Aging implies different processes of change in dif-
ferent dimensions of the person. In each dimension,
gains and losses can be observed simultaneously;
changes in one dimension are a poor predictor
of changes in other dimensions. Accumulated and
organized experiences, knowledge systems, and strate-
gies for coping effectively with familiar problems and
tasks are important developmental gains (in the sense
of psychological growth) in older adulthood. Impor-
tant developmental losses do occur in physiological
and neurophysiological functions and processes, e.g.,
cognitive flexibility, ability to cope with unfamiliar

problems and tasks, and speed of information proc-
essing. Education is a precondition for reaching
developmental gains, for the opportunity to compen-
sate for developmental losses (e.g., via the process
of selective optimization with compensation), and for
individuals to maintain or reestablish a satisfying
perspective on life in old age.

Four conclusions regarding education in old age
can be drawn from the results of life span develop-
mental psychology:

1. Accumulated and organized experiences, differ-
entiated knowledge systems, as well as effective
strategies for coping with tasks and problems and
for taking the chances offered by environmental
conditions and life situation must be understood as
a consequence of education in earlier phases of the
life span, i.e., active coping with tasks, demands,
challenges, and chances in younger years. In this con-
text, the continuity of lifelong development becomes
clear, since achievements in earlier years extend to
later years as long as they are used sufficiently.

2. The use and further improvement of experi-
ences, knowledge, and strategies for effective action
are essential for the realization of developmental
gains in old age. This fact emphasizes the importance
of education in old age. Generally, there is a suffi-
cient amount of plasticity, i.e., capacity to learn
and change. As a consequence, education in old
age, aiming to contribute to the use and further
improvement of experiences, knowledge, and strate-
gies for effective action, should be able to contribute
to effective coping with developmental tasks and
successful aging. There is a demand for education in
old age, since people cannot cope successfully with
developmental tasks or realize the potentials offered
by cultural innovation (e.g., in technical fields) in old
age without engaging in a process of coping with self,
life situation, and environment.

3. Education in old age must not be analyzed only
in terms of possible gains, depending on development
in earlier phases of the life span; possible develop-
mental losses are of equal importance. In this
context, two aspects should be considered. First,
gerontological research could show that cogni-
tive training has an impact on the decline in the
mechanics of human intelligence, i.e., the basic pro-
cesses underlying intellectual performance. More-
over, through cognitive training, compensation for
specific impairments and losses can be encouraged.
Intellectual performance and everyday competence
can be improved by new learning and memory
strategies that compensate at least in part for defi-
cits in sensory and motor functions. The selective
optimization with compensation, i.e., the choice
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(selection) of well-developed functions, skills, and
strategies and their differentiation (optimization)
with the aim of compensating for losses in other
functions, skills, and strategies, forms an important
basis of successful aging.

4. In the context of possible developmental losses,
especially in very old age, decreases in health status
and social integration as well as limitations of life
expectancy should be mentioned. However, empiri-
cal findings show that even in the very old, most
people are able to cope effectively with developmen-
tal losses and to maintain or reestablish a personally
satisfying perspective on their life, exemplifying re-
silience in old age. It should be noted that resilience
is established through personal and environmen-
tal resources. Concerning environmental resources,
gerontological studies show that participating in
cultural and social activities that offer stimulation
and support promotes effective coping with develop-
mental losses. These findings support an educational
perspective that points to the significance of educa-
tion for coping with critical life events, e.g., via
providing information about effective coping strate-
gies or institutional services. In the case of losses in
certain functions and skills (e.g., visual impairment
as a result of macular degeneration), compensation
(e.g., use of audio cassettes or touch typing) as well
as increased engagement in interests and activities
that do not require these functions and skills can be
interpreted in two ways: as a process of education
and as encouraged by educational activities. Several
intervention studies show the possible impact of
educational opportunities on the effectiveness of
individual coping processes. From the understanding
of education and its effects, the close relationship
between education and competence becomes clear.
The latter is defined as the skills and abilities to
maintain or reestablish an independent, task-ori-
ented, and personally meaningful life in a stimula-
ting, supportive (physical, social, and infrastructural)
environment that encourages self-responsible coping
with problems, developmental tasks, and challenges.

Education and Employability of Older
Employees

The principal findings of international studies on
working performance and possible training gains in
older workers can be summarized in the following 10
points.

1. Most studies find an inverted-U relationship
between chronological age and working perfor-
mance. The peak of performance is reached between

the ages of 30 and 40 years, and performance in old
age converges to the performance of 20-year-olds.
Similar findings are reported for driving, for which
perceptual losses account for decline in performance.

2. Age differences in occupational performance
are small. Training measures can compensate for
age-related slowing. Training is a better predictor of
performance than chronological age. In many cases
age effects prove to be reversible through adequate
training measures.

3. Age differences can be observed in less-experi-
enced workers. If any age differences are found
between experienced employees, the differences are
only of a small magnitude.

4. However, in the cognitively most challenging
professions, experience cannot compensate for age-
related deficits. Complex tasks that require extended
information-processing capacity regularly show some
age-related deficits.

5. Previous knowledge can effectively compensate
for losses in working memory. The working memory
resources required for the process of thinking ahead
can be assisted by using previous knowledge to
structure information processing.

6. The performance of older experts regularly re-
flects successful compensation for age-related decline
in some components through improvement in other
components (knowledge, strategies). Experience with
occupational tasks and challenges can be used to
compensate for age-related decline, particularly in
complex tasks. In some tasks the peak of perform-
ance is reached only in older years because accumu-
lation of relevant knowledge and expertise requires
long learning processes. By contrast, the performance
of simple tasks often cannot be improved upon by
using acquired strategies and knowledge systems.
Leadership is a prototypical example for the partic-
ular potentials of older employees. Older managers
are often more successful in comparison to younger
managers because they take more time for impor-
tant decisions, which reflects a more extensive use
of relevant information, flexibility, prudence, and
self-criticism.

7. Practice is an essential precondition for deve-
lopment and maintenance of expertise over the life
span. For supreme performance, musicians need at
least 10 years or 10000 hours of practice. Profes-
sional pianists show only some age-related decline
under conditions of highly complex requirements on
motor abilities. The same is true for older pianists
who reduced their amount of practice in comparison
to younger pianists.

8. Transfer of training gains depends on task-
specific requirements. High specificity in content,
personal relevance, and long-term time investment
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are the general conditions of a successful training
program. The development of a cognitive ability
should be oriented toward those special strategies
and detailed knowledge systems that underlie expert
performance (cognitive engineering). Training gains
are similar for guided and self-initiated learning.

9. The relationship between chronological age and
performance follows different developmental paths;
some kinds of performance even increase with age.

10. High levels of performance can be maintained
when occupational tasks are adapted to the employ-
ees’ individual preferences and working rhythms.
As a consequence, changes in job placement and job
profiles are promising strategies for companies to
ensure continued employability of older workers.

Their expert knowledge often qualifies older em-
ployees for overseeing important tasks within the
company. In the late 1980s in the United States, some
companies attempted to motivate retired senior
executives to return to work and take responsibility
for some tasks. This corporate strategy developed
from the insight that the retirement of older employ-
ees often leads to a loss in expert knowledge for
the company. This expert knowledge is seen as
an important basis for successful reorganization of
operating sequences and improvement of internal
communication, as well as for familiarizing younger
employees with their work.

Education, Health, and Competence

Numerous studies confirm a close relationship be-
tween health and education. Educational status
proved to be a predictor of life expectancy and mor-
bidity. Survey data indicate that as early as in
younger adulthood, people with higher education —
women somehow more than men — have an extended
life expectancy and suffer less often from headaches,
sore throat, stomach pains, and backache. Low
social status correlates with morbidity and health-
related stress. The aforementioned relationships are
ascribed to different opportunities for leading a
healthy life, occupational stress, competencies for
coping with disease, habits in using health insurance,
and communication with representatives of public
health. Such explanations point to education as a
mediator of possibilities to exert influence on one’s
own health status or to establish a relationship with
medical practitioners that allows for codetermina-
tion in medical treatment in cases of disease. Inter-
vention studies show that enhanced knowledge
and patient training contributes to a lessened and

more effective use of the health insurance system and
improved compliance in people suffering from
chronic disease.

Developing competences for maintaining health
and effective coping with disease means acquiring the
ability to express one’s needs, wishes, and expecta-
tions, to catch up on relationships and opportunities,
to choose, to decide, to judge, to codetermine, and to
control.

For older women and men, staying healthy is one
of the most important aims in life. Analyses indicate
that the subjective importance of health steadily in-
creases over the life span and that there is no sphere
of life in old age in which people are as engaged
as in the maintenance and improvement of health.
Consistent with this finding of empirical research,
contemporary cohorts of older people in Western
societies in comparison with previous cohorts more
often claim their rights for self-determination and
self-responsibility with regard to the health insurance
system. Lack of codetermination and self-manage-
ment, deficits in the enforcement of patient rights,
deficits in information and explanation and in
transparency of services, bureaucratic structures
and procedures, and being considered a patronized
patient instead of a partner in medical treatment are
aspects of the health insurance system that have been
criticized empathically. The need for more self-de-
termination and self-responsibility in dealing with
the health insurance system is based on six principal
findings:

1. Competent users of the health insurance sys-
tem are able to soundly exhaust self-help potentials
before making use of professional treatment.

2. Competent users of the health insurance system
are able to cope effectively with their own disease,
particularly chronic disease, and any necessary treat-
ment in the sense of case management.

3. Competent users of the health insurance sys-
tem are cooperative with regard to the consensually
determined treatment and contribute to the prevent-
ion of misdirected medical resources due to a lack of
compliance.

4. Competent users show a sense of responsibility
toward the supportive society.

5. Competent users of the health insurance system
develop a better understanding of medical and pro-
fessional decisions as necessarily reflecting a scope of
discretion. They are able to consider that in the light
of medical progress and the competences and experi-
ences of the individual practitioner, different deci-
sions and judgments do not always imply a lack of
quality in the health insurance system.
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6. Competent users of the health insurance system
develop a detachment from the public health system
in the sense of minimized rates and length of contact
by simultaneously keeping constant or improving
outcomes in terms of morbidity, mortality, quality of
life, and health costs.

The aforementioned competence in the use of the
health insurance system is influenced by a magnitude
of factors. These factors comprise personal resour-
ces such as the health-related self-concept and the
experiences that people have had in coping with dis-
ease. Moreover, competence is influenced by environ-
mental and social factors, such as which living and
life conditions are available for leading a healthy life,
how a given health insurance system is organized,
and on which kinds of social and familial support
people can rely when suffering from disease. Last but
not least, educative, communicative, and informative
factors play a role in individual coping with disease
and in perceptions of internal control over main-
tenance or improvement of health.

Today, training programs to support a self-deter-
mined and self-responsible disease management have
been developed for many chronic diseases. In addi-
tion to the acquisition of specific techniques, the
establishment of consensually determined control of
use of the health insurance system is another impor-
tant part of such training programs. The patient is
intended to learn what is relevant for the course of
his or her disease, what he or she can do on his or her
own, and in which cases it is necessary to consult a
medical practitioner. Experiences from campaigns in
the Netherlands and Germany show that educational
programs can contribute to reduced consultation of
medical practitioners in cases of coughs and sneezes.

Adequate communication is an indispensable pre-
condition for participation and competence improve-
ment. Difficulties in the communication between
patients and medical practitioners are the most
frequent reason mentioned for the consultation of
patient-initiated counseling. Patients regularly have
the impression that their concerns are not taken
seriously and that medical practitioners do not offer
enough information and explanation of medical
treatment and potential alternatives. Older and dis-
abled people in particular suffer from this impression,
indicating that professionals often tend to assume a
lack of competence and dependency from physical
disablement.

With regard to health and competence, informa-
tion comprises all measures to support the patients’
acquisition of knowledge necessary to understand his
or her own health status. Today, such information is
available from numerous resources. This increase in

the quantity of available information goes hand in
hand with the risk of a decrease in quality of that
information, implying a reduced usefulness of this
additional information. The problem of receiving
health-related information is increasingly replaced
by the problem of adequately evaluating the quality
of the available information. In Western societies
patients are able to make use of the progress in
information technology to access a vast amount of
information on their diseases, alternatives in medical
treatment, or preventive measures that makes them
at least to some degree independent from medi-
cal practitioners’ previous monopoly on providing
information as well as from a costly investigation of
literature for experts and laymen. Clear information
about diseases, diagnostics, alternatives in treatment,
and prevention could substantially strengthen patient
sovereignty. According to data from the 1999 Ameri-
can Internet User Survey, 36% of all adult American
Internet users (42% of female users) regularly look
for information in the sphere of health and medicine.
However, the quality of the information can seldom
be assessed. The same is true for much health-related
information available from the print media. As a
consequence, services intended to strengthen pa-
tients’ role as competent partners in the health
insurance system must be offered by independent
institutions on the basis of quality assurance.

Life Competencies of the Old as
Human Capital

The term life competencies refers to experiences,
strategies, and knowledge systems that people have
acquired in earlier phases of the life span (i.e., un-
derstanding of education as a result of active coping
with challenges and demands of environment and life
situation in a given period of life). Life competencies
are built up in the context of effective coping and
enable people to maintain or reestablish a personally
satisfying perspective on their life when confronted
with serious problems, tasks, and challenges in later
years. Building up life competencies in earlier years is
a basic requirement for successful development in
advanced age, i.e., effective coping with the demands
of life in old age. Such demands include practical and
psychological as well as interpersonal and ethical
demands. Consequently, our understanding of life
competencies is not limited to the experiences,
strategies, and knowledge systems acquired in the
context of occupational activities. Life competencies
are also reflected in ethical judgments, voluntary
activities, as well as the willingness and readiness
to take responsibility for oneself, for others, or
for society. Empirical findings show that active
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coping with developmental tasks and the chances
and limits of life can lead to the establishment of
expert knowledge or wisdom with respect to ques-
tions of life. Expert knowledge or wisdom is not
limited to old age but can be developed in earlier
years as well. The only prerequisite for the developm-
ent of expert knowledge or wisdom is the conscious
and responsible preoccupation with a multitude of
problems, tasks, and challenges in different periods
of life and different contexts of development. There-
fore, empirical findings support a perspective on
lifelong educational processes that accentuates the
development of the person rather than the cultivation
of specific knowledge and skills.

The term human capital refers to the significance
of life competencies for society and culture, i.e.,
processes of initiating societal and cultural change
and the extent to which societal and cultural change
is determined by life competencies of the old. Societal
and cultural development depends on the possibility
of using individual life competencies. It is here
necessary to establish the infrastructural conditions,
e.g., opportunities for volunteers to qualify and
to use given experiences, strategies, and knowledge
systems effectively.

Proceeding from a comprehensive understanding
of productivity, several possibilities for leading a
productive life in old age can be distinguished. Being
interested in the development, living conditions,
and vital interests of younger people, the transmis-
sion of information to younger generations, and the
responsible reflection on experiences and knowledge
systems of younger generations are examples of
intellectual and emotional productivity in old age,
since intergenerational discourses can initiate emo-
tional and intellectual differentiation in older and
younger participants. Moreover, by leading an inde-
pendent and responsible life, even when confronted
with serious problems or borderline situations, older
people can give a good example to younger people of
how to cope with problems and difficulties, i.e., build
a productive context for others: an illustrative
example of emotional and motivational aspects of
productivity. Even the dialogue between young and
old can be understood as an educational process in
which young and old people can enrich each other
by exchanging specific experiences and knowledge
as well as general life competencies. For our under-
standing of education in old age, two conclusions
can be drawn. First, older people are able to fulfill
educational functions for others by offering skills,
experiences, and knowledge or by leading an inde-
pendent and responsible life that can be regarded
as exemplary for younger generations. However, it
should be mentioned that for fulfilling educational

functions for others it is essential that the trans-
mission of experience and knowledge is free from
prejudiced beliefs that presuppose that one’s own
knowledge is superior to the knowledge of other
people and that, therefore, others have to be in-
structed to adopt one’s own experiences and knowl-
edge systems. Second, dialogue and discourse with
younger people can initiate further development.
Intergenerational discourse is an important means of
realizing potential for development. From the reports
of services and institutions concerned with education
in old age, it seems obvious that intergenerational
encounters — either informal or in the context of
formal educational settings — do have a great impact
on the developmental processes of both the young
and the old and therefore should be promoted
intensively. Stimulating an exchange between the
young and the old by inviting older people to visit
schools, participate in specific lessons (e.g., on his-
tory), and engage in the transmission of experiences
and knowledge is appreciated equally by the young
and the old. The challenge for educational practices
in establishing intergenerational contact that enables
people to realize and use their specific life com-
petencies is twofold: first, experiences, strategies, and
knowledge systems must be explored and integrated
systematically, and second, discussion or discourse
must be initiated and guided with methodological
competence.

Lifelong Learning

In past decades, the traditional understanding of
education, which was exclusively oriented toward
formal learning in childhood and young adulthood,
has been broadened to the concept of lifelong learn-
ing. Different versions of this concept have in com-
mon the idea that learning in different phases of
the life span, learning in formal, non-formal, and
informal contexts, as well as learning in the context
of a variety of personal experiences are indispensable
components of lifelong learning. However, there
may be changes in form, content, and motivation.
In childhood and young adulthood, formal learning
in school and professional training are most com-
mon. Decisions concerning the course of education
are during childhood primarily made by the parents,
whereas independent decisions continuously increase
during the transition to adulthood. Inequalities in
educational opportunities are determined by differ-
ences in social status. In the context of professional
training, education focuses on aspects of utility
for future working activities, whereas in school there
is a focus on general education. In working life,
non-formal and informal contexts become more



Adult Education 47

important as compared to formal contexts, admit-
tedly not for all workers in all jobs. Employees in
positions with many opportunities for independent
and self-responsible decisions benefit from opportu-
nities for further learning. By contrast, the compe-
tence of employees who must perform unchallenging,
repetitive, and monotonous activities without oppor-
tunities for independent and self-responsible decision
making decreases due to a lack of stimulation and
deficits in extended vocational training. Because
individual resources are restricted and tied to diverse
obligations in adulthood, these employees cannot
evade decreases in employability. The pressure of
immediate utility, which is characteristic not only for
learning during working life but also increasingly for
learning in young adulthood, is no longer important
in retirement. However, retirement implies the loss of
the learning contexts of working life. This loss can
admittedly be compensated for by activities of civil
engagement. On the one hand, there is the opportu-
nity in old age to use the new freedom to study fur-
ther in accordance with personal hobbies, interests,
and aspirations. This kind of learning might open up
new areas of activity. On the other hand, mainte-
nance of health and independence requires continu-
ous learning processes.

Proceeding from the aforementioned aspects of
lifelong learning, the 1972 Faure report suggested a
comprehensive definition of educational aims, i.e.,
the establishment of a physical, mental, emotional,
and moral human entity. The previous definitions of
lifelong learning are a good starting point for a more
comprehensive understanding of learning in occupa-
tional contexts and retirement. However, they focus
too much on professional training and working life
by accentuating aspects of utility and job mobility.
The concept of lifelong learning can be explicated by
seven points:

1. Lifelong learning encompasses the totality of all
formal, non-formal, and informal learning over
the entire human life cycle.

2. Lifelong learning implies different educational
paths that are simultaneously permeable and inter-
connected.

3. Lifelong learning implies independent and respon-
sible learning, and independence and responsi-
bility themselves must be learned.

4. Lifelong learning implies learning in a manifold
and transparent landscape of opportunities.

5. Lifelong learning implies enabling learning by the
provision of sufficient resources.

6. Lifelong learning implies an investment of
individuals, companies, and society.

7. Lifelong learning implies transparency, counseling,
and quality management.

The necessity of lifelong learning in adulthood
becomes particularly evident in the context of
changes in life that can be described as discontinu-
ities, e.g., parental leave, changes in occupation, and
unemployment. In comparison to earlier phases of
the life span, learning is less determined by insti-
tutional contexts. Due to occupational and familial
commitments and obligations, there is a higher
demand for programs that allow for a flexible adap-
tation of learning times, such as correspondence
courses or computer-assisted learning. Qualifica-
tions and competences that were acquired via infor-
mal learning in occupational and familial contexts
should be made exploitable by means of documen-
tation and certification. The benefit of learning
for the learner should be made obvious. Usage of
modules from formal educational programs facili-
tates the development of individual profiles of com-
petence. Moreover, a successful strategy of lifelong
learning requires that companies and institutions re-
sponsible for education and job placement cooperate
in a way that meets the challenges of transparency
and counseling in the context of obligations and
commitments in adulthood. Similarly, counseling
must take into account the magnitude of professions
as well as the variety of individual talents, interests,
and life situations.

The necessity for intensifying the investment
in lifelong learning follows from four principal
aims: (1) the elevation of economic growth and
improvement of competitiveness, (2) the support of
individual employability, (3) the promotion of inde-
pendence in old age, and (4) the strengthening of
societal cohesion.

Aim 1: Due to demographic change and globali-
zation of markets, the economic growth and com-
petitiveness of Western societies increasingly depend
on the innovative potential and qualifications of em-
ployees. As a consequence, there is a need to enhance
the investment in education, including investment
in extended vocational training for older workers.

Aim 2: Rates of employment and unemployment
differ according to the level of qualification of the
employee. In particular, those who reached a higher
level of qualification and who continuously used
opportunities for further education remain employed
until retirement. This relationship has been no real
problem for Western societies as long as losses in
employability of older workers could be compensated
for by opportunities for early retirement. However,
demographic change limits the ability of younger
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generations to guarantee economic competitiveness
and Social Security benefits. For Western societies
there is no alternative to an increased investment in
the employability of older persons.

Aim 3: Good health and mental flexibility are
central preconditions for leading an independent
and personally satisfying life in old age. Numerous
studies confirm that everyday competence as well as
physical and mental capability can be improved by
adequate training programs. Moreover, programs
proved to be effective regardless of the age or mental
and physical capacity of the participants. Results
from empirical studies suggest that people suffering
from dementia might benefit from a combination of
psychomotor and memory training. The protective
effects of physical activity are well supported, even
in the oldest age groups. The significance of lifelong
learning is apparent from the fact that healthy life-
styles have a lifelong protective effect. Consequently,
educational programs for younger age groups that
contribute to the awareness of the relationship be-
tween health status in old age and health-related
behavior in earlier phases of the life span should be
regarded as an important contribution to prevention
for old age. In addition to such prevention for
old age, prevention in old age also has considerable
effects. As a consequence, the implementation of ed-
ucational programs designed primarily for older
people is a central part of a strategy of lifelong
learning. Educational programs supporting health
and capability (not exclusively for older people) are
offered not only by traditional institutions but inc-
reasingly also by health insurance companies or
sports clubs. Moreover, self-help groups are also
important in this respect. Furthermore, the influence
of the media should be considered. The media con-
tribute, via mediation and accentuation of age
stereotypes, to the endeavors that people undertake
to shape their own aging process. In addition to
this motivation or demotivation, a major function of
the media is to enlighten people on medical
relationships, health products, and health programs.
Social inequalities in morbidity and mortality also
reflect the significance of lifelong learning. A strategy
of lifelong learning points to the necessity of
promoting educational activities among members
of underprivileged social strata. In this regard more
group-oriented opportunities and contexts should be
established.

Aim 4: General political and cultural learning me-
diates basic orientations and competences that are a
precondition for social participation in a continu-
ously changing complex society. The contents of
learning are essential for civil engagement in all
phases of the life span. Without this engagement,

social cohesion and security in modern societies
would be impossible. A general education is a pre-
condition not only for occupational training and ex-
tended vocational training, but also for independent
and responsible decisions concerning professional
and private life. Personal responsibility for partici-
pation in lifelong learning opportunities, including
the financing of this participation, cannot simply be
presupposed. Instead, personal responsibility for
lifelong learning develops from successful participa-
tion and positive experiences. In multicultural and
multi-ethnic societies, belonging to a cultural minor-
ity regularly goes along with inferior educational
opportunities. A large proportion of illiterates among
foreigners might be a minor problem in industrial
societies where blue collar jobs are essential for
the gross national product. However, in modern so-
cieties, a lack of education mortgages access to the
labor market, precludes people from social partici-
pation, and therefore implies a serious risk for social
cohesion.

A principal challenge for a future-oriented educa-
tional system is to develop attractive services for the
oldest age groups and for people from under-
privileged social status groups. Moreover, the spe-
cial interests of those older people who have been
already engaged in lifelong learning activities must
not be neglected. This is particularly important with
regard to higher educational status in later-born co-
horts of older people. In addition to senior academies
and universities, other initiatives that try to integrate
older people into regular courses of universities are
promising. Finally, an efficient educational system
considers the continuity of individual motivation for
education over the life span. The successful realiza-
tion of a strategy of lifelong learning depends on
society’s ability to motivate younger people to con-
tinuously invest in general education. The establish-
ment of a broadened spectrum of interests in the
younger years is seen as an important part of
prevention for old age. Numerous studies suggest
that establishing and maintaining life satisfaction in
old age is supported by opportunities for new or ex-
tended engagement in interests and activities that
have been built up and developed in earlier phases of
the life span.

See also: Education and Aging; Learning; Life Span
Theory; Work and Employment: Individual.
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Glossary

Age — Refers to both people and their social structures.
For people, age marks how much of their lifetime
has so far been lived. In social structures, age de-
notes criteria both for performing in roles and for
entering and leaving them. It operates in complex
ways to locate people of every age in society.

Age-Graded Roles — Positions in social structures
(e.g., work or nursing homes) for which age (or
some substitute for age such as physical strength)
is used as a criterion for permitting or proscribing
role occupancy, entry, or exit, or for defining role
expectations or sanctions for performance.

Age Strata — The rough divisions by age of people
from younger to older within a society or group.
Age strata reflect socially significant aspects of
people and are only partly defined by biology.

Aging — Interacting biological, psychological, and
social processes that start with birth (or concep-
tion) and end with death. The term is widely used
to refer to the biopsychosocial changes in later
phases of the life course.

Birth Cohort — A set of people born at approximately
the same period of time. Members of a cohort in a
society thus experience a common slice of history.
Through cohort succession (or cohort flow), new
members are continually born into a society, move
up through the age strata as they grow older, and
eventually die. As one cohort exits an age stratum,
it is replaced by members of an oncoming cohort.

Demographic Transition — The transformation a
society experiences as it moves from high birth and

(eds.) Psychologie der Erwachsenenbildung, pp. 117-
178. Gottingen, Germany: Hogrefe.

Staudinger UM and Lindenberger U (eds.) (2003) Under-
standing Human Development: Dialogues with Lifespan
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death rates to low birth and death rates. This
transition in vital rates is generally associated with
economic development. During this transition the
population age structure shifts from one domi-
nated by children to one in which old people com-
prise a large proportion.

Easterlin Effect — The hypothesis, first developed by
the economist Richard Easterlin, that cyclical
changes in demographic and social behavior are
produced by fluctuations in cohort size. It is pos-
ited that large cohort size reduces economic op-
portunities for its members and that small cohort
size offers advantages to its members.

Structural Lag — The situation in which the roles
available to members of an age stratum are mis-
matched with the needs and preferences of in-
dividuals in the age stratum. In aging research, this
involves a situation in which social structures
(firms, schools, families) do not provide rewarding
roles for the growing number of healthy, well-
educated, long-lived people entering later life.

Introduction

Age stratification is a conceptual framework for ex-
ploring both how individuals age over the life course
and what meaning is given to age in a society. This
framework was developed by Matilda White Riley
and her associates in the 1970s, and the term is still
identified with her name. As a conceptual orienta-
tion, age stratification gives attention both to the
individuals who occupy the various age strata in a
population and to the social structures that use age to
shape the behavior of those individuals. It gives spe-
cial attention to changes over time in the experience
of aging and to changes over time in relationships
between age strata. This perspective insists that we
recognize that human aging is, to a large extent, so-
cially constructed. An important implication of this
perspective is that the ways in which individuals age
can and do change over time. In view of the breadth
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of the perspective and also in view of the sometimes
confusing and multiple connotations of the general
concept of stratification, Riley later preferred to call
it the aging and society perspective.

Age Strata in a Population

Age is a universal feature of individuals, and each
population can be described in terms of its age com-
position. Although the meaning of age differs across
societies, age is always socially significant. Therefore,
the age composition of a population has social
relevance.

Age Composition

The age composition of a population provides a star-
ting place for discussing age stratification, and the
population pyramid provides a simple way to picture
the age composition of a population. Populations
pyramids are shown in Figure 1 (depicting the US
population in 1900 and in 2000) and Figure 2 (de-
picting the populations of Kenya and Spain in 2000).
In each of the population pyramids, the percent of
the population in the various age strata is shown by
horizontal bars stacked on top of each other, with the
youngest age category on the bottom and the oldest
on top. This graphic depiction of a population
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immediately suggests one aspect of age stratification
in society — the population may be viewed as layers
of people based on chronological age. By convention,
each age stratum in the population pyramid is
divided by sex, with males on the left and females
on the right. The term pyramid clearly was derived
from the typical shape of population age composi-
tion in high-fertility societies — the age composition
of populations in low-fertility, late modern societies
does not resemble a pyramid.

The dramatic changes occurring over time in the
relative size of various age strata in populations
of the economically more developed societies is well
known. Using the example of the United States, the
population over age 65 increased from 4.1% in 1900
to 12.4% in 2000, and is expected to exceed 20%
by 2040. Equally dramatic is the contrast between
contemporary societies that are at different stages of
development (illustrated by Kenya and Spain). In
Kenya’s population, the ratio of children under age
15 to people over age 65 is 17.5; in Spain, this ratio
is 0.9. Demographic analysis can explain why the age
distribution of populations varies so much across
societies and over time. At any point in time, the
number of individuals in a population who occupy
each age category is determined by past patterns of
fertility, mortality, and migration. Migration patterns
tend to have only a minor impact on the age com-
position of a population, so the large transformation
in the age composition occurring over the past hun-
dred years must be related to declining death rates
and, especially, declining birth rates. In societies with
sustained high fertility, young people dominate the
population; in societies in which fertility has declined
to near or below replacement level, old people com-
prise a significant proportion of the population. Past
and future population aging, the increase in the pro-
portion of the old and the decrease in the proportion
of the young in a population, has profound implica-
tions for all societies that experience the demogra-
phic transition. However, as the age stratification
perspective seeks to elucidate, what these implica-
tions are depends not only on the relative size of age
strata, but also on the characteristics of the indivi-
duals in them and on the social meaning of age.

Characteristics of Individuals in Age Strata

Even a casual observation of a population reveals
that age strata differ not only in size, but also in the
social and physical characteristics of their members.
For example, in the United States in 2000, younger
males slightly outnumbered females, but at the oldest
ages females greatly outnumbered males (Figure 1).
Other examples of differences across age strata in the

United States around 2000 are in the proportions
of racial/ethnic minorities (24% of the population
under age 5 years were minorities, compared to 13%
of those aged 70-74), and in the average educational
attainment level (12% of the population aged 35-34
had less than a high school education, compared
to 33% of those aged 75 and older). Of course, the
explanation for these differences between younger
and older age strata cannot be attributed to intrinsic
biological aging — individuals do not become whiter
or less educated as they age. Some differences across
age strata, such as intellectual functioning and physi-
cal ability, are generally assumed to be related to
effects of biological aging. But a satisfactory expla-
nation of the differential composition of various age
strata at a particular time requires tracking the ex-
perience of birth cohorts as they age through unique
historical contexts.

Differences between age strata can be illustrated
by comparing those aged 75-79 in the United States
in 2000 with those aged 45-49. Individuals in the age
category 75-79 were born in 1921-25, were children
during the Great Depression, and were becoming
parents during the Baby Boom. Individuals aged
45-49 in 2000 were born during the Baby Boom
years of 1951-55, were children during a period of
economic prosperity, and encountered a tight labor
market as they entered young adulthood. A compari-
son of several social and biological characteristics of
these two age strata in 2000 is shown in Table 1.
Why do these age strata differ so markedly in edu-
cational attainment, marital history, sex ratio, child-
lessness, prevalence of physical disability, and race
and ethnic classification? The aging and society per-
spective argues that the answer to this question
requires an examination of how social forces in
the past differentially shaped the life course develop-
ment of these cohorts. For example, the differences in
educational attainment reflect differences in the ed-
ucational institutions encountered by these cohorts
as they moved through childhood. A variety of

Table 1 Percent of individuals aged 45-49 and 75-79 in 2000
with selected characteristics

Characteristic Percent aged Percent aged
45-49 75-74
Less than a high school 11 29
education
Female 51 59
Ever divorced 35 18
Childless 16 11
With a disability 9 24
Non-white 18 11

Source: US Census Bureau.
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historical, social, and economic forces affected the
marital and childbearing experiences of these two
cohorts. The differences in racial and ethnic com-
position and in sex ratios reflect, in part, the social
conditions that led to differential survival experience
of different segments of the population in the twen-
tieth century.

It is quite apparent that the cohort born in 1950-
54 experienced aging in the first half of its life course
differently than the cohort born in 1920-24. Con-
sequently, we can anticipate that when members of
the younger cohort occupy the age category 75-79 in
2030, they will be substantially different from the
cohort aged 75-79 in 2000. Even in terms of physical
disability, it is unlikely that the older population in
the future will replicate the experience of those who
are currently old. When cohorts experience different
lifestyles and different health-care systems as they
age through life, their health status in old age is likely
to be different.

Age and Society: Basic Social Systems
Principles

The preceding discussion primarily focused on differ-
ences in the number and characteristics of individuals
comprising various age strata. The age stratification
approach further develops a model of aging and age
differences by explicating the role of social structure
in how individuals age.

Background: Age in Social Structure

As noted at the outset of this article, in gerontology
the term age stratification remains largely synony-
mous with the extensive and influential work of
Riley, who introduced the term in the early 1970s.
Later, in the 1990s, Riley came to believe that the
complex and multiple connotations of the general
concept of stratification rendered the term confusing,
and renamed her approach the aging and society
perspective. Nevertheless, age stratification remains a
widely used term, and it is largely synonymous with
her approach and with her extensive and influential
body of writings. The age stratification model played
a significant role in stimulating researchers interested
in aging to link theoretical and empirical analyses.
It also has provoked critique and controversy, and
these critiques are discussed after reviewing the basic
model.

Before discussing the formulation of age stratifi-
cation, it is important to understand the basic social
science principles on which this approach is founded.
In Riley’s framework, aging as a property of indivi-
duals must be distinguished from the ‘social fact’ of

age — that is, from the concept of age as a cluster
of cultural representations and organizing principles
of society. This analytical distinction that separates
‘person’ from ‘role’ is derived from Talcott Parsons’
approach to social systems. Persons, of course,
are individual human actors. In Parsons’ framework,
roles are not properties of persons; they are posi-
tions in social systems (e.g., families, communities,
schools, corporations) that are occupied by persons.
Especially when social systems are explicitly age gra-
ded, age is a feature not just of individuals, but also
of the role structure and normative apparatus of a
society.

Applied to the notion of age stratification, this
differentiation has two important aspects, one that
is static and one that is dynamic. In static terms, age
stratification deals with the distinction between the
age structure of roles and the age structure of a popu-
lation. Its dynamic aspect highlights the contrast
between age differences among individuals at a single
point in time with the changes that occur to indivi-
duals as they develop and age over the life course.

Age Grading, Allocation, and Socialization

The population age structure refers to only one of the
components of age stratification, the age-specific dis-
tribution of people. The age stratification framework
also implies attention to the age-related aspects of the
role structure of society and the problem of alloca-
ting or matching the available individuals with a
finite number of available age-graded roles. When
roles are rigidly age graded (as in the case of man-
datory schooling for children, military conscription,
or mandatory retirement), problems of mismatch or
‘strain’ can occur.

Age is built into the role structure of society when
age is a criterion for occupying, entering, or relin-
quishing certain roles. Further, age can regulate
how individuals are expected to perform their roles:
the appropriate behavior in a role and rewards (or
punishments) for performance may vary depending
on the age of the person occupying the role. The
most obvious use of age in social structures occurs
when chronological age criteria are written into law,
regulations, or contracts. For example, in contem-
porary US society, age regulates when it is legal for
one to marry, drive a car, leave school, drink alcohol,
vote, and become president. Further, chronological
age is a criterion for receiving Medicare insurance,
pension benefits, and selected tax benefits. There also
are informal norms that use age to indicate what
behavior is or is not acceptable, such as when one is
judged as too old to become a foster parent, to enter
a graduate program, or to participate in certain
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sporting events. As with all norms, age norms
are sometimes violated and can change over time.
Nevertheless, the age stratification perspective calls
attention to the importance of social definitions
of age as forces that shape behavior and the aging
of individuals.

The final component of the age stratification model
deals with the processes by which the individuals
in an age stratum are matched with the appropriate
age roles in social structures. Allocation processes are
used to assign people to age-appropriate roles and
to continually reassign them as they age into different
socially recognized phases of the life course. The
mechanisms for allocating may be individuals in roles
designed for this purpose (e.g., personnel managers
or admission directors) or policies (e.g., pension
plans or school attendance regulations).

This general phenomenon of allocation is closely
related to several key theoretical ideas and research
questions. For example, according to the Easterlin
effect, the members of small cohorts have a broad-
based advantage in that members of such cohorts
will experience less competition for the finite number
of age-graded roles as they enter particular age strata
(e.g., admissions slots to elite colleges or choice
entry-level jobs), whereas members of large cohorts
will face greater competition. These differentials of
advantages can carry on through the life course.
In any pyramidal organizational structure (which
describes not only corporations but also military,
ecclesiastical, and educational organizations), the
chance to be promoted to one of a few high-level
managerial or executive slots will be enhanced if
one has fewer competitors. On the other hand, it has
also been suggested that under some conditions,
individuals in an age stratum may benefit from being
members of a relatively large cohort; for example,
this might have applied to the male Baby Boomers
who were in the draft lottery in the early 1970s.
It has also been hypothesized that those retiring in
the early twenty-first century may derive political
advantage because they will comprise a larger re-
lative size of the electorate.

Riley used the issue of the person-role mismatch to
call for social change. She developed a critical anal-
ysis of inelastic, age-graded social arrangements that
result in humanly destructive consequences. This cri-
tique led to the development of the concept of struc-
tural lag (discussed later).

The age stratification perspective also recognized
that the concomitant process of socialization oper-
ates constantly, in parallel with allocation. That is,
in everyday life experience, individuals are conti-
nuously internalizing the social practices and learn-
ing the skills that are integral to the roles that they

occupy in the larger social system. The concept
of socialization has been widely and effectively
critiqued because of a number of conceptual and
theoretical limitations that it imposes on the kinds
of questions one would ask as a researcher. Never-
theless, the powerful processes through which in-
dividuals are shaped by the roles they occupy are a
central feature of the reality that the age stratification
model seeks to represent.

Age Structure and Cohort Flow

As a temporal snapshot, the age pyramid reveals
virtually nothing about the actual aging of individu-
als. Rather, it describes the piling up at a single point
in time of successive cohorts. Viewed over time, the
movement of cohorts will produce shifts in the popu-
lation age structure. Often, however, the age-graded
role structure is relatively static, and Riley coined
the term cohort flow to describe the movement of
cohorts through it. As one cohort moves out of a
particular age stratum, it is succeeded by another
that enters that age stratum. This static—dynamic dis-
tinction highlights the dangers of the life course
fallacy, which is the practice of inferring life course
changes from cross-sectional age differences. This
is a key point that researchers and consumers of re-
search overlook at the peril of misleading interpreta-
tions of data. But this distinction also brings us back
to the important substantive issue of strain: the dyna-
mic movement of unevenly sized cohorts through a
relative static and inelastic structure consisting of a
finite number of roles is a source of strain.

Challenges and Criticisms of the Age Stratification
Approach

Two basic types of criticism of Riley’s formulation of
the age stratification approach can be distinguished.
First is a critique focusing on the lack of clarity and
consistencies in its use of the concept of stratification.
Second is a critique of the functionalist assumptions
on which the model was built.

Age and the Concept of Stratification Influenced
by the youth-driven social disruption of the 1960s,
Norman Ryder recalled Mannheim’s discussion of
the role of generations in producing social change to
elaborate the analytical importance of cohorts. Riley
and her associates forged the concept of age strati-
fication in the wake of the same set of real-world
dynamics. Like the concept of cohort, the age strati-
fication perspective turned out to have an intellec-
tual value that was broader and more sustained
than the social movements of the 1960s that initially
inspired it.
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Important ideas deserve critical scrutiny, and age
stratification has been no exception. Using the term
stratification to capture the cross-age tensions of that
decade invited questions about the extent to which a
homology with class or other forms of socioeconomic
stratification was intended. For example, questions
were raised about the choice of the term age strati-
fication because of the important ways in which age
stratification is fundamentally different from stratifi-
cation in its traditional guises. Interestingly, in the
past two decades new insights into aging have been
gained by research that looks at the intersection of
age with other bases of stratification, such as gender,
race/ethnicity, and social class, utilizing concepts such
as cumulative advantage.

Age Stratification and the Functionalist Perspec-
tive A second and more enduring line of critique
of the age stratification perspective has focused on
limitations associated with its Parsonian functionalist
underpinnings. Clearly, the key strengths of the age
stratification model derive from the analytical refine-
ment and precision of the Parsonian framework, as
described earlier. In particular, the person-role dis-
tinction and the conceptualization of age as a feature
of social structure provide the basis for the social
critique that Riley articulated as structural lag and the
vision embodied in her writings of an age-integrated
society. Yet critics of age stratification rightly note
that serious limitations derive from its avoidance of
issues of (1) power dynamics and (2) mechanisms of
social change. Serious attention to these would have
brought the issue of the interaction of age with other
bases of stratification to the fore much sooner.
Much like Parsons, Riley dealt with the problem
of reconciling human action and structure through a
heavy reliance on voluntarism. Thus, Riley’s discus-
sions of how individual agency produces change in
large-scale social systems focus on the aggregation of
individual choices in processes such as cohort norm
formation. In every case, she avoided examining the
role of (1) social movements in shaping (rather than
merely expressing individual aspirations), and (2) of
institutional power as it operates in everyday life to
organize individual opportunities, to limit choice, and
indeed to shape individual taste and perception.
These limitations derive directly from the underlying
assumptions of consensus and voluntarism that are
simultaneously hallmarks and limitations of the func-
tionalist framework. It is thus a considerable irony
that, in spite of these limiting aspects of function-
alism, Riley used the analytical precision of that
framework to generate a radically new and poten-
tially liberating vision, exposing how age operates
as an aspect of social systems (e.g., role structures as

entirely separate from people and age as a property of
social organization, value, and perception — not just
of the chronological development of individuals).

Issues Related to Age Stratification

The age stratification framework has provided a
basis for several critical assessments of how aging is
socially constructed in modern societies. Three of
these issues are discussed here.

Competition between Age Strata

The potential for competition and conflict to develop
between age strata exists because each age stratum
occupies a different position in the socially con-
structed life course. The self-interest of individuals
may vary depending upon their life course location:
older people may have different concerns than young
people. For example, the well-being of older people
in the United States in the early twenty-first century is
directly affected by public pension and health-care
policies, whereas the well-being of young people is
directly affected by education and child-care policies.
Given limited resources, one might expect competi-
tion between the old, who benefit from greater
government spending on Social Security and Medi-
care, and the young, who benefit from greater spen-
ding on education and child care and greater tax
relief for parents with young children.

A lively debate over the possible emergence of in-
terest group politics based on age (the generational
equity debate) developed after 1984, when an article
by Samuel Preston in Demography called attention to
recent trends in poverty for different age strata. The
divergent trends between old and young are quite
striking: between 1970 and 1995 the proportion of
older people in poverty declined from 25 to 12%,
while the proportion of children in poverty increased
from 15 to 23%. An important reason for declining
poverty among older people was the increase over
this time period in government transfers to the older
population. By 2000, per capita social welfare spen-
ding from all levels of government was three times
larger for the population over age 65 than for the
population under age 19 ($19700 versus $6400).
Some view this discrepancy in government spending
on young and old, in combination with the divergent
trends in poverty, as evidence that there was inequity
in treatment of different age strata. Children were
suffering because of excessive political power of the
old, and this inequity might become even more severe
as the large Baby Boom cohorts move into old age.

Despite what may appear to be a conflict of inter-
ests between young and old, empirical studies have
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not found any significant age-based differences in
political views among voters. Younger voters are as
supportive of Social Security and Medicare as older
voters, and there is no indication that voters become
less supportive of local and state taxes to support
public education as they grow older. There are two
reasons why a polarization between age strata may
not occur despite the forces that could push in that
direction. First, in contrast to the relatively fixed
statuses of sex, race, and even social class, upward
age mobility is inevitable (unless one dies). Because
younger adults anticipate moving into old age in the
future, efforts to reduce the benefits going to the old
would work against their own long-term interests.
Second, many non-old adults either have parents or
will have parents who are old. The large government
transfers to the old are a major reason why few older
people are dependent upon adult children for eco-
nomic support. Thus, the collective strategy to keep
older people economically independent serves to
protect the assets of middle-aged adults. In fact,
the current arrangement results in many older adults
being able to transfer resources to their children
and grandchildren. It is not clear, of course, how the
possibility of age conflict in the future will play out,
but recent history has been marked primarily by
intergenerational support.

Structural Lag

A starting place for thinking about structural lag is
the distinction between age as a property of individu-
als and age as a property of social systems. At any
time, a given birth cohort will comprise that collec-
tion of individuals occupying a particular age stra-
tum (e.g., 65-69). Because cohorts of varying size
and composition are constantly moving through role
structures that are relatively stable, it is always pos-
sible for a mismatch to exist between the capacities
of the individuals in an age stratum and the places
available for these individuals in social structures.
This is especially likely when age is objectified as a
property of the social system through various forms
of age grading — making age a legal or normative cri-
terion for role access. When such a mismatch deve-
lops in a particular historical context, it may be
described as a structural lag. That is, social change
has not occurred in a way that is congruent with
changes in the aging of cohorts.

Why might an asymmetry develop between struc-
tures and lives? Although changes in patterns of
aging and changes in social structures can affect each
other, each process follows its own dynamics. The
capacities of a cohort at a particular age are shaped
by its past experience of aging through a unique slice

of history, for example, the health and educational
environment when the cohort passed through child-
hood, or the work opportunities and family norms
existing as it moved through early adulthood. Social
structures, with their age-graded roles, however, do
not follow any rhythm analogous to human aging
but are affected by political, economic, and social
developments. Thus, the qualifications, expectations,
or needs of individuals in a particular age stratum
may not be compatible with the available places in
social structures.

The most noted example of structural lag at this
time involves the failure of social structure to accom-
modate the needs and interests of cohorts entering
old age. Because of historical changes, people enter-
ing old age in recent years are healthier, better edu-
cated, and expected to live longer than the members
of cohorts that preceded them. But in many advanced
societies of the twentieth century, social structures
imposed more restrictions on opportunities for older
people to be productive than existed before the
advance of modernity. For example, work organiza-
tions do not provide an adequate number of jobs
with the flexible working conditions that would
match the needs of older workers. Similarly, educa-
tional opportunities and volunteer opportunities for
older people lag behind the needs of the resourceful
people entering old age. Ways in which the lives
of older people may lag behind structural changes
can also be noted. Because opportunities and in-
centives for lifelong learning have been lacking,
members of cohorts entering old age may not be
equipped to participate in structures requiring new
technological skills.

When structural change lags behind changed lives,
or when lives lag behind structural changes, pressure
for change may develop. Such changes do not come
about randomly. They may result from scientific pro-
gress that leads to demographic change or complex
cultural shifts that lead individuals to change their
aspirations. When such initiatives lead to wide-scale
change in values and perceptions, the result is cohort
norm formation (discussed previously). A prime
example is the impact of the women’s movement of
the late twentieth century on the life course aspira-
tions of young and midlife women. Similarly, the
media shape the thinking of elders, as well as non-
elders, about the situation of older people. The media
sustain ageist stereotypes, but also provide infor-
mation about age discrimination and increasingly
provide positive images of old age, especially as com-
mercials target this growing demographic segment of
the population. Organizations of senior citizens may
lobby for the interests of older people. Policy makers
in government and the private sector may recognize
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areas of structural lag and initiate changes to reduce
the mismatch between individuals and roles. It is also
possible, however, that structural lags could persist
and trigger conflict across age strata.

Age Segregation

Age stratification leads directly to the possibility for
age segregation in a society. The existence of age
segregation can be studied both at the structural level
and at the individual level. There is extensive empiri-
cal evidence that a high degree of age segregation
currently exists at both levels.

Age segregation at the structural level can be seen
by the use of age as an eligibility criterion for par-
ticipation in social activities. The clearest examples
of age being used to direct people to enter or leave
social structures are seen in the social institutions of
education, work, and retirement. At a fixed chrono-
logical age, children are expected to enter a graded
school system, and then, if ‘normal,” to move lock-
step with age peers through the system. Young adults
are expected to finish school and move into work
settings that exclude both the young and the old.
Finally, as old age approaches and opportunities for
participating in school and work sites are limited,
adults are expected to move into the last phase of
life — retirement.

Socially created separations between age groups
are exacerbated by rules and practices in other insti-
tutions as well. Age criteria are used to control access
to health-care institutions and welfare programs.
Religious congregations frequently structure activi-
ties on the basis of age, sending children, youth,
young adults, and older adults into separate pro-
grams. A pattern of residential segregation by age
can also be seen, as is obvious in retirement com-
munities and college dormitories.

At the individual level, age segregation occurs
when there is an absence of social interaction between
people of diverse ages. Studies of personal social net-
works reveal that very limited cross-age interaction
occurs in modern society, particularly among non-
kin. The linkage between age segregation of social
institutions and the age segregation of personal social
networks is straightforward. Institutional age segre-
gation restricts the age range in the pool of persons
from whom network members are typically recruited.
Similarly, the lack of social interaction between
individuals of diverse ages allows the perpetuation
of age stereotypes that are then used to justify insti-
tutional age segregation.

Moving toward a more age-integrated society could
potentially benefit people of all ages. First, through
social interaction, older and younger people could

provide mutually beneficial socialization. As Mar-
garet Mead once argued, in a rapidly changing society
in which youth have a greater mastery of new techno-
logy, the old need the young to be their teachers if
they are to avoid becoming marginalized. It is also the
case, however, that youth benefit from learning his-
tory from older people who have relevant life experi-
ences. Second, through interaction, older and younger
people can develop empathy for the challenges faced
by those in different life course positions. This under-
standing offers an opportunity for reducing age
stereotypes and for breaking the mutually reinforcing
cycle of ageism and age segregation. Third, relaxing
rigid age boundaries would allow individuals at all
stages of life to more easily move between activities
related to education, work, and leisure. Encouraging
older people to engage in productive activities could
lessen the burden of their dependency on younger
adults, and allowing more diverse opportunities for
younger adults could reduce the role overload asso-
ciated with this phase of life.

In considering the possibility of reducing age
segregation, it is important to recognize that human
aging is alterable. The age-segregated life course that
emerged in recent history was produced by social
institutions that were constructed in particular ways.
This suggests that changing these institutions could
produce increasing age integration. And there are
signs that structural barriers to age integration have
abated in recent decades. Examples of recent changes
encouraging greater age integration can be found
in education, where lifelong education is receiving
greater attention, and in work, where there is in-
creasing job flexibility and increasing use of in-
centives to encourage working later in life. There is
no reason to doubt that the aging experience of co-
horts entering old age in coming decades will differ
from that of the cohorts who preceded them.
Whether or not this will bring about increasing age
integration is an important but open question.

Conclusion

Age stratification is a model of aging that has pro-
foundly affected how social scientists understand the
process of aging and the meaning of age in society.
It recognizes that although chronological aging is
inevitable, the way in which individuals age from
birth to death depends upon social organization and
the social practices that derive from an individual’s
location in social structure. As the forces associated
with modernity have transformed societies, the legal-
bureaucratic use of age as an eligibility criterion has
increased. The emergence of age norms that govern
many aspects of life, the institutionalization of the
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life course, gives social meaning to age and gives
direction to how people ‘ought to’ age. There is no
reason to assume, however, that the normative age-
graded life course that shapes how individuals age in
the early twenty-first century is either necessary or
beneficial to human beings. The age stratification
perspective addresses this issue because, in addition
to providing a framework for examining how aging
is socially constructed, it provides a basis for criti-
cally examining the human consequences of structu-
ring age in particular ways.

See also: Ageism and Discrimination; Demography; Gen-
erational Differences: Age-Period-Cohort; Life Course;
Network Analysis.
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humans that put order and meaning on the world.
Self esteem comes from the thought that our being
in this world has a purpose. Fear of aging becomes
a fear of having no purpose.

Introduction

Ageism refers to prejudice, discrimination, and stereo-
typing against someone based on his or her age. While
it can refer to prejudice against younger persons,
ageism, as the term is used by most researchers, typi-
cally refers to prejudice against older persons. Over
the centuries, the nature of various societies has
changed such that elders in a community have been
displaced from a position of high status, commanding
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respect, power, and deference, to a position of virtu-
ally no power, commanding little respect. The pur-
pose of this article is to explore those changes,
describe how ageism is manifest in the lives of its
targets, and how those targets react to such treatment.
Ageist behavior and ways to reduce ageism are also
discussed.

Origins of Ageism
Historical Changes

In agrarian and pre-industrial societies, older people
were held in high regard. They typically wielded the
most political and economic power in their commu-
nities. Elders were valued for their life experience,
wisdom, and knowledge of the history of their com-
munity. Older persons were the historians and libra-
ries of their communities, so to speak. Those who
wished to learn about the nature of their society or
the workings of the world would need to consult
an elder for that information. As a result of their great
life experiences and their knowledge about their com-
munity history, older persons were the leaders of their
communities. During this time, older persons were
revered, respected, and admired by their community
for their leadership, wisdom, and life experiences.
Three major developments heralded a major
change in the way that younger adults viewed older
adults. The first was the development of the printing
press. A large part of the status that elders had in their
societies derived from the fact that their lifetime of
knowledge, information, and memories about the
history of their community and the world beyond was
far beyond that of others in their community. They
had knowledge and expertise that no one else had.
They represented an almost oracle-like, one-stop shop
for the community members who desired to learn
more about virtually anything they needed to know
to survive and thrive in their community. However,
the advent of the printing press meant that such in-
formation was no longer the sole province of the
elders; instead, anyone could own that information.
Moreover, in much the same way that the Internet
brought the world closer together, the printing press
at its inception brought information from all over the
world to small, heretofore isolated communities.
The second major development was the industrial
revolution. Prior to that period, it was quite com-
mon for a typical family structure to be extended in
that grandparents would live with their children and
grandchildren in the same house. Elders were re-
vered, were respected for their wisdom and know-
ledge, and were valuable educators to their children
and grandchildren. The industrial revolution created

a boom in employment that resulted in the need
for greater mobility, so that families could move to
where the jobs were located. Smaller families were
more mobile. Coinciding with this change in society
was a change in the way that society regarded tra-
dition. Attitudes toward elders changed in that the
moral authority of older adults to dictate what hap-
pens to their extended family (by dint of their land
ownership, financial, or other political power) was
replaced with ideals encapsulated in the American
and French revolutions. The idea that all men are
created equal and all are on the same footing for their
own families’ welfare took a strong hold in the hearts
and minds of Europeans and Americans. Moreover,
the industrial revolution emphasized a value on in-
novation, rather than tradition. To be successful and
thrive in this new world, young people needed to
value new, creative ideas, and because older people
represented tradition and were seen as unwilling
or unable to adapt to new, creative ways of doing
things, older people were devalued and even seen as
an obstacle to the success of younger persons. Forced
retirement was created as a way to legitimize this
increasing bias in favor of the young, so that after a
worker reached a certain age, he or she was no longer
a part of the workforce.

This period heralded great advances in medicine,
which was the third major historical factor that led
to the rise in prejudice against older persons. In pre-
revolutionary America, only about 2% of the popu-
lation lived beyond age 60. As medicine allowed
people to live longer, however, society and families
were faced with finding a place and a role for older
people in society. Unfortunately, with the diminished
status and power of older adults in society, the rights
and welfare of older adults were often regarded as
unimportant. Younger adults tended to not want the
burden of dealing with older adults and their health
concerns or the financial and time demands of caring
for their older family member. Older people were
seen no longer as sage teachers, but as non-pro-
ductive relics of a bygone era who should be margin-
alized to the fringes of society. If younger adults did
not want their elderly parents living with them, pre-
ferring that someone else manage their parents’ care,
a place such as a nursing home could fill that need.
Indeed, nursing homes have grown in popularity
in the United States ever since President Roosevelt
signed the Social Security Act in 1935. It should be
noted that prior to that time, most states did not have
nursing homes, but rather alms houses (sometimes
known as poor farms) where poor older adults were
sent. They had inadequate facilities, and older adults
there were treated miserably. States encouraged
the stigma regarding these houses in an effort to
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discourage people from relying on them. Though
today’s nursing homes are vast improvements from
these earlier institutions, there is a definite stigma
that surrounds nursing homes, in terms of how older
people regard them and how society regards older
people living in them.

Theoretical Perspectives

Terror Management Theory An interesting theory
that has been put forth to account for the origin of
ageism is terror management theory (TMT). TMT
suggests that culture and religion are creations of
humans that put order and meaning on the world,
and this keeps at bay the scary thought from child-
hood that the world is chaotic and random. Accord-
ing to TMT, we derive our self-esteem from the
thought that our being in this world has a purpose.
The fear of aging then becomes a fear of having
no purpose (i.e., when one retires from a job). Since
older people are a reminder to the young of their
mortality, older people become a salient symbol of
a feared future self. Experiments have shown that
people deny the reality of their mortality by deni-
grating and stereotyping older people as bringing
about their diminished or lower-status situation onto
themselves. People fool themselves into believing
that such a fate will not befall them. Research on
the theory has shown consistently that when people
are reminded of their mortality, they are more likely
to stereotype others (as a way of enhancing their self-
esteem and thereby denying anxiety of their own
mortality).

Researchers studying TMT have argued that be-
cause death anxiety is so powerful in the United
States, the TMT effects on prejudice and stereotyping
of older adults are unlikely to diminish unless a con-
certed effort is made to educate the public about
death. If death is demystified, reframed as a natural
part of the life cycle, and generally normalized, per-
haps anxiety about death (and about people, such as
older adults, who are reminders of mortality), will
diminish. When that happens, even though older
people will always remind the young about their
mortality, they may be less likely to evoke anxiety in
younger people, who then may be less likely to stereo-
type older adults.

Ambivalent Attitudes Toward Older Adults Deca-
des ago, research indicated mixed evidence for
the existence of ageism. Some studies suggested that
people had very positive attitudes toward older
adults, while others suggested that society regarded
elders in a negative light. Upon closer inspection of
the research methods in these studies, it is clear why

this discrepancy exists. Studies that yielded positive
attitudes toward elders tended to ask about attitudes
toward specific older adults in the respondent’s life,
such as his or her boss or grandparent. In those cases,
the personal relationship is likely what dominates
the person’s attitude toward the older adult, and that
may be the basis upon which the respondent answers
the question. However, when people are asked about
their attitudes about older people in general, their
responses are often much more negative. Over the
decades, then, much research has confirmed that, in-
deed, there is a pervasive, negative view of aging
and, by association, older adults. These negative atti-
tudes give birth to stereotypes and prejudice about
elders.

Recent research indicates that older adults are re-
garded by younger people as incompetent but warm.
In other words, older adults are viewed as having
little to offer or contribute to society, but they are
valued almost on a sentimental level for what they
represent (values, tradition, family). The dependent
relationship that often emerges between elders and
their adult children often contributes to the tendency
to treat elders as though they were childlike. Younger
people tend to not want to discuss complicated, se-
rious matters with their elderly parents, fearing that
such topics will either be too upsetting or too
sophisticated or intellectual for the older person.
The insidious nature of this stereotype (i.e., that
older people are like children) is that it influences
the beliefs and behavior of the older adults about
themselves. Many start to buy into this stereotype
and foster the dependent relationship by acting in
ways that they are expected to act, according to
society’s age grading and stereotypes held by younger
persons (this point is discussed later in the section on
experiencing ageism).

Implicit Ageism In recent years, researchers have
discovered that overlearned links between people
and characteristics in our memories can have signi-
ficant effects on the way we think, feel, and behave
toward those people. Specifically, strong stereotypes
about a group will lead a person to be especially
likely to automatically think about members of
that group in terms of those stereotypes. When the
individual is aware of the fact that he or she is stereo-
typing the person he or she is thinking about,
that process is referred to as stereotyping (or preju-
dice, or, if the person is acting negatively toward the
stereotyped target, discrimination). However, when
the perceiver is unaware of the influence of the auto-
matically activated stereotypes about the outgroup
when he or she is evaluating a member of the
outgroup, that process is referred to as implicit
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stereotyping. Implicit stereotyping is all the more
difficult (but not impossible) to control and remedy
because the perceiver is unaware of its activation
and influence.

Implicit ageism originates when children learn,
from a very young age, that older people are not
highly regarded in society. Research on children’s
books, school books, and fairy tales shows that these
books are highly biased against older people. Older
people are rarely featured in books for children, and
when they are, it is usually as problem creators or
dependent characters. One study found that the
portrayal of older persons in children’s books mirrors
the ambivalence of society toward elders, in that the
older characters were most often described as poor,
sad, wise, and dear. These stereotypes, conveyed in
innumerable ways from various sources throughout
a person’s life, become quite strongly associated with
older persons, to the point that the mere mention or
perception of an older person automatically evokes
those stereotypes, often outside of conscious aware-
ness. Implicit ageism can be unlearned, but research
shows that doing so requires a tremendous commit-
ment of motivation and effort to recraft default con-
cepts about elders and to break the association
between negative characteristics and the category of
older adults. This is discussed further in the reducing
ageism section.

Variations of Ageism
Ageism in Health-Care Professionals

Surprisingly, ageism is also found among those
whose careers revolve around promoting the physi-
cal and mental health of others. For example,
one study of medical students’ recommendations
concerning breast-conserving strategies found that
medical students were significantly more likely to
recommend breast conservation procedures for youn-
ger (86%) than older women (66%). Those students
were also significantly more likely to recommend
mastectomy for older patients (95%) than for youn-
ger patients (65%). The authors of the study suggest
that, given the similarity in diagnosis, the difference
in treatment recommendations reflects a clear ageist
attitude on the part of the medical students. Other
researchers have written extensively about the im-
plicit (and sometimes explicit) ageist attitudes that
are communicated to med students (and which med
students then internalize). For example, some physi-
cians tend to view older adults as lonely, depressed,
or inflexible. Some physicians regard treating older
adults as an exercise in futility, given the cognitive
and physical limitations of elders. In other words,

some regard treating the health issues of older adults
as less important than treating the same medical
conditions in young persons. As a result, physicians
may be much less likely to prescribe aggressive medi-
cal interventions to alleviate the problem of older
adults and are more likely to prescribe medicine to
help older adults manage their pain.

Among mental health professionals, ageism is also
frequently in evidence. Some therapists are reluctant
to treat older adults, due to their misconceptions
and stereotypes about older adults as merely lonely
people in need of someone with whom they can talk.
Some stereotype older clients as grumpy, suspicious
of psychology, too talkative, or non-talkative. It may
also be the case that these stereotypes are fueled by a
healthism, or a stereotype about people who are in
poor physical health. That is, some therapists are
more likely to rate the psychological prognosis of
older clients less optimistically compared to younger
clients with the same presenting concerns.

Communication of Ageism

Based on their stereotypes of elders as dependent,
and childlike, younger people tend to communicate
with older adults in a negative fashion. One type
of communication is termed overaccommodation; it
describes the situation in which a younger person
is overly polite, exaggerates his or her intonation,
speaks louder, and speaks in simple sentences when
talking to an older adult. Another type of negative
communication has been termed baby talk; this re-
fers to an exaggerated intonation, high pitch, and,
sometimes, non-words or baby-speak that one would
use when talking to a baby. Research indicates that
older people differ in how they react to such com-
munications. Those older persons who are higher in
social, physical, and cognitive functioning find
such speech degrading and insulting. However, those
who are lower in those capabilities tend to actually
prefer such speech, because it seems to communicate
a secure, nurturing quality in the speaker, which
the older person (who needs someone to attend to
his or her needs) finds comforting. Younger people
have also been shown to communicate their ageist
assumptions via the way they interact with older
adults. If younger people believe that elders are
childlike, they will be less likely to treat the opinions
of older adults seriously and will tend to restrict
their conversations with elders to simple, pleasant
topics.

Institutionalized Ageism

One of the major reasons why research on ageism
lags far behind the volume of empirical interest
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generated by racism and sexism is the institutionali-
zed nature of ageism. That is, age prejudice is so
pervasive throughout society, that virtually everyone
knows about the stereotypes, and yet few regard the
stereotypes as on the same par as prejudice based on
sex or race. In other words, most people do not
recognize age prejudice within themselves or in oth-
ers. Of course, if people do not recognize ageism,
reducing or eliminating it becomes that much more
difficult.

That American culture is youth-oriented is not
news. There is a multibillion dollar industry built
around promoting products that help people conceal
signs of age (antiwrinkle and age spot removal
creams, wigs, etc.). Cosmetic plastic surgeries have
increased in popularity over the last two decades.
Advertisers cater their marketing to what they be-
lieve is their most desired demographic (those most
likely to spend money on the sponsors’ products),
those who are 18-40 years old. Indeed, it is strange
that advertisers do not specifically focus on those
with even more disposable income: older adults aged
40 to 65 (those older than 65 may be restricted by a
fixed income from Social Security, pensions, etc.).
These older adults are more likely to be financially
secure and are more likely to have money to spend
on themselves and on products for their loved ones.
Older adults are portrayed in television shows and
movies as forgetful, grumpy (or mean), asexual, and
silly and are frequently the punch lines of jokes made
by younger persons. Due to the age grading of
society, in which there are implicitly understood
acceptable behaviors for people depending on their
age, when older people engage in an interest or
behavior that is age-inconsistent, they are regarded
as cute or silly (e.g., skiing or running) or repulsive
(e.g., having sex). Here again, stereotypes about
aging needlessly restrict people’s beliefs about what
behaviors people can do and what interests they may
have at various ages throughout their life.

One obvious example of the extent to which
ageism is institutionalized in American society can be
found in the greeting card industry. The prevailing
message in the vast majority of birthday cards is a
joke about how sad it is that the card recipient is
another year older. Cards make fun of the recipient’s
age by pointing out (as indisputable fact) the reci-
pient’s deteriorating health, loss of worth or lessening
contributions to society, and failing memory. A
cottage industry has been built around the phrase
over the hill, with black balloons, mock tombstones,
hearing aids, and other ageist items available to pur-
chase for the individual having the birthday. The
public at large regards such messages and jokes as a
harmless stretching of the truth.

Experiencing Ageism

The influence of age prejudice, stereotypes, and dis-
crimination on the well-being of older persons is a
topic that remains largely open for empirical inquiry.
Like most research in prejudice, the examination of
the influence of prejudice on the target of prejudice
has only recently gained empirical and theoretical
attention.

Treating older adults like they are children com-
municates the presumption of a dependent relation-
ship of the older individual, and it can lead to
self-fulfilling effects, in that the older adult may
start to believe the validity of the stereotypes being
communicated in the behavior and language of the
younger person. Research has demonstrated that
older people who start to believe stereotypes about
aging tend to behave, think, and feel according to
those stereotypes. This can have significant implica-
tions for their overall physical health. One study
found that older adults with a more positive self-
concept actually lived 7.5 years longer, on average,
than their low self-concept counterparts. Older peo-
ple who act according to stereotypes about older
adults are regarded by other older people as less
alert, helpless, and weak. A plausible explanation for
this result is that it is due to a black sheep effect,
predicted by social identity theory, which suggests
that if a stereotyped group has a member acting in
stereotype-consistent ways, he or she will be shunned
by other group members, because that individual’s
behavior is tarnishing the group’s efforts to overcome
stereotypes about the group.

A useful distinction between two groups of older
adults has been made in the research literature.
Those who are between the ages of 55 and 74 are
referred to as the young-old, and those 75 and older
are referred to as the old-old. This distinction reflects
the fact that most negative stereotypes about older
adults tend to derive from assumptions about or dis-
tortions of characteristics sometimes found in those
older than 75. When applied to those young-old
persons, the mismatch between stereotype and reality
is likely to be even greater. One recent survey of more
than 850 older adults in California asked older par-
ticipants to indicate whether they had ever been the
victim of ageism, and if so, how they felt about and
reacted to that treatment. Responses provided fur-
ther support for the conceptual distinction between
the young-old and the old-old. Those respondents
who were 74 or younger indicated that yes, they had
been the victim of ageism, and when it did happen
(and each time it happened), they became angry.
Those respondents 75 or older were significantly less
likely to indicate that they had ever experienced
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ageism, and saying that if and when it did happen
to them, the ageist treatment did not bother them.
The young-old in this survey became angry when
stereotypes about elderly people (not them!) were
applied to them. The old-old seemed to accept the
validity of stereotypes about older people (i.e., them-
selves), and did not feel offended when those stereo-
types were applied to them. Some researchers
have speculated that the reason people in stigma-
tized groups are unwilling to acknowledge the
prejudice against either their group or themselves
personally is that if they did admit such treatment,
the thought would be too unsettling or anxiety
provoking for them. Specifically, the thought that no
matter what one does, he or she will be regarded
negatively by others due to his or her membership
in a stigmatized group is discouraging, to say the
least. Some research evidence supports this inter-
pretation of findings such as these, but much more
empirical attention is needed to be more confident in
this explanation.

Though indirect, another way that older adults
experience the negative attitudes of society about
aging is through retirement. Voluntarily leaving the
workforce, of course, usually does not carry with it
negative experiences of ageist attitudes, compared to
situations in which the employee is forced to retire or
retirement in that position is mandatory. In these
latter contexts, the older adult has a more difficult
time transitioning to postwork life. These individuals
struggle with the message that they have received
from their forced retirement, that even though they
may be capable and experienced, society still does
not want their contributions. Much research sup-
ports a basic tenet of social identity theory that says
that much of people’s self-concept is rooted in their
occupation. We are what we do. When an older per-
son retires, that major part of his or her self-concept
is no longer there, and the individual must find new
ways to define him- or herself. That transition is a
difficult one, even under the best of circumstances.
However, it is especially problematic if the person
was forced to retire.

Another problem with postretirement life is that
American society has not thoughtfully considered
and provided clear roles and opportunities for elders
who still wish to contribute their expertise and wis-
dom to their communities (via the workforce, edu-
cation, or other avenues). People have a strong need
to feel that they are needed and that their contri-
bution to their community is important. The culture
at large, and communities in particular, need to pay
more attention to making the postwork life of older
adults a more community-connected, meaningful,
enjoyable, and satisfying time of their life.

Workplace Discrimination against
Older Persons

One of the most common types of discrimination
against older persons is workplace discrimination.
Employers tend to be unwilling to acknowledge age
discrimination practices at their company, or they may
be unaware that those practices constitute age dis-
crimination. In one study, when employers were con-
fronted with their company’s lack of older workers in
certain positions, they explained that age disparity as
due to something about the older workers themselves
(i.e., that older persons do not want that type of posi-
tion) or due to external factors (population trends,
dearth of older workers with job-specific skills, etc.).

When the work performances of older and young-
er workers are evaluated, it is found that older
workers tend to receive more severe evaluations if
they have performed poorly. Older workers who get
poor job evaluations are less likely to be referred to
remedial training than their young counterparts. This
may be due to ageist beliefs about the ease with
which older people can learn new information. The
more ageist beliefs the employer endorsed, the more
likely he or she was to call for the poor-performing
older person to be fired (compared to the poor-
performing younger worker). One study found that
when older workers link their identity with the char-
acteristics of their same-age peers, their self-esteem is
reduced, and they feel a greater sense of relative de-
privation when they compare their outcomes with
those of younger workers.

Moreover, experiencing workplace discrimination
influences people’s well-being in retirement, in that
those persons are less satisfied with their lives. Being
an early retiree has its downside in another respect:
these individuals feel like they are too old to rejoin
the workplace, yet too young to join groups of
retirees or senior citizens. Thus, they have a more
difficult time navigating where they fit in the post-
workplace world, and society has done little to
accommodate such workers.

Ageism across Cultures

Ageism is not a universal phenomenon. There is great
variability across cultures, and even within some
cultures, in how older adults are treated. Some re-
searchers suggest that the ageism of the United States
represents a subtle form of abandonment. This has
the ring of truth when considering policies such
as forced retirement and the lack of attention that
America gives to postretirement life. Not only are
elders psychologically abandoned or forgotten, but
also the message is communicated that when people
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get old, they should not be a burden to their family,
and thus, they ought to go to a retirement home,
nursing home, or other facility. These messages tell
older adults that they are not needed or valued and
should stay out of the way of the younger adults.
Not all societies are as ageist as the United States.
Traditionally, Eastern cultures are very reverent to-
ward their elders. Much of this attitude is rooted
in how these cultures view death. In contrast to the
United States, Eastern cultures view life, death, and
the self as intertwined. Death is seen as a welcome
relief from the suffering of life, and as a way of
joining one’s revered ancestors. Interestingly, recent
research shows that as Eastern cultures become
more Westernized (adopting capitalist, democratic,
market-driven economies and valuing individual
freedoms and pursuits), their attitudes toward older
adults have become more negative. The degree to
which the values of cultures change from empha-
sizing tradition and experience to valuing change and
innovation will influence how those cultures treat
their elders. As TMT rightly shows, the strong fear of
death is a powerful contributing force to ageist
behavior, age prejudice, and age stereotypes.

Reducing Ageism

In order for discrimination, stereotypes, and preju-
dice against older adults to be reduced or eliminated,
fundamental changes in the way society views aging
need to occur. Researchers agree that if society enacts
the following 10 changes, there will be a significant
impact in reducing and eliminating ageism in the
United States.

1. Information needs to be shared with media out-
lets and authors (notably of children’s school-
books and entertainment books) that older adults
have a great deal to contribute to other people
and society.

2. Opportunities for older adults to contribute to
their community should be created.

3. Conditions need to be created that allow older
adults more control and independence in their
lives.

4. Much more attention needs to be given to post-
work life for older citizens. Their lives can be
fulfilled with continuing opportunities to con-
tribute, and they can grow and thrive mentally,
socially, financially, and emotionally.

5. Contact between older adults and younger peo-
ple (including, of course, children) should be in-
creased and encouraged, so that children and
young adults are exposed to the wisdom, history,
and value of interacting with adults with so

much experience. Doing this demystifies what
older people are like, and it helps break down the
stereotypes about older adults.

6. Stereotypes and myths about aging need to be
confronted with actual figures and facts about
aging.

7. Perspective taking should be used as an effective
method for teaching empathy for other groups;
some evidence suggests this is effective in signi-
ficantly reducing ageism.

8. The way that society views death (currently with
dread) needs to be directly confronted, such that
death is reframed as a natural part of the life
cycle that is not to be feared, but accepted as a
normal part of life.

9. Efforts need to be made to address all explicit
and implicit institutionalized ageist practices and
traditions (e.g., hiding signs of aging, jokes about
negative characteristics about older people).

10. Younger people need to be taught that older
people should be treated with respect.

Over the last several decades and continuing to the
present, much more empirical and theoretical atten-
tion has been devoted to understanding other types
of prejudice. Little attention, however, has been
devoted to understanding age prejudice. As a result,
our understanding of the causes, maintaining factors,
and consequences of ageism is nascent. Ageist beliefs
and behaviors are so entrenched in American culture
that they have become institutionalized; this may be
a likely reason why researchers have not devoted
much attention to the problem, and why everyday
citizens do not perceive age stereotypes or ageist
practices as a problem. The US Bureau of the Census
projects that the number of people over age 65 will
double by the year 2030. This graying of America
represents a major change in the complexion of the
demographic of the country, and with it will come a
major demand on society’s resources (economic,
health, legal) that, at present, it is ill-equipped to
handle. It is crucial that we devote much more re-
search attention to understanding and eliminating
ageism. In so doing, we can help policymakers, re-
searchers, educators, and society at large make the
changes needed to significantly enhance the quality
of life for all older adults in society.

See also: Age Stratification; History of Aging; Retirement;
Work and Employment: Individual.
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Glossary

Alcohol-Related Problems — Medical, legal, occupa-
tional, family, and social problems.

Illegal or Controlled Substance — Schedule I drugs,
defined as manifesting a high potential for abuse
and no currently acceptable medical use, including
heroin, LSD, and marijuana.

Medications — Any drug substance, prescribed or
over-the-counter, taken for therapeutic purposes.
This includes prescribed use of psychoactive
drugs.

Pharmacodynamics — Physiological and psycholo-
gical response to drugs; there are gerontological
changes in drug response.

Pharmacokinetics — The time course of absorption,
tissue distribution, metabolism, and excretion of
drugs and their metabolites from the body.
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Introduction

A drug is defined as any substance (not food), natural
or synthetic, which by its chemical nature alters
an organism’s structure or function. Drugs may be
found in nature or they may be produced in the labo-
ratory. They may also be classified in terms of their
chemical composition or, in the case of psychoactive
drugs (e.g., alcohol, opiates, nicotine, etc.), in terms
of their central nervous system action. A major clas-
sification is in terms of social acceptability; drugs
vary from widely accepted (caffeine) to illicit sub-
stances, which often appear as ‘street drugs’ (heroin).
Drug abuse and drug dependence may be defined as
deviant usage. Diagnosis is usually made in terms of
the American Psychiatric Association standards set
forth in the Diagnostic and Statistical Manual IV.
There are several classes of drugs to be reviewed
here. First, there is the use by older people of medi-
cations in general and psychoactive medications
(anxiolytics, stimulants, etc.) in particular; there are
likely to be prescribed, although there is a ‘street’
supply from non-medical sources. Second, there is
the use of over-the-counter (OTC) drugs that need no
prescription and may be bought in any pharmacy.
Third, there is nicotine used by Americans of all age
groups and by the elderly. Fourth, are the controlled
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substances, banned by law. The best known control-
led substances are marijuana, heroin, and cocaine;
associated with crime and violence, these drugs get
the most media attention. Fifth, there is the use and
abuse of the legal drug, alcohol.

A major area of study is the biological change over
the life span that occurs in the body’s response to
different drugs. Pharmacokinetics involves the study
of the time course of absorption, tissue distribution,
metabolism and excretion of drugs and their meta-
bolites from the body, and the relationship of drug
disposition to the duration and intensity of drug
effects. Studying the effects of age on pharmaco-
kinetics produces information about the mechanism
of altered pharmacodynamics in the elderly. Pharma-
codynamics is the physiological and psychological
response to drugs. Pharmacodynamics is concerned
with the greater or lesser response of older people
to particular drugs, independent of pharmacokinetic
effects. Different psychoactive drugs, for example,
may produce different pharmacodynamic effects in
the elderly (e.g., the response of older persons to some
of the benzodiazepines appears to be an enhanced
response).

Age Changes

Pharmacokinetics Although there do not appear
to be significant age changes in drug absorption, with
aging there are changes in body composition that
influence drug distribution. There are age changes
in drug elimination, particularly a decline in renal
function.

Pharmacodynamics Age changes in sensitivity to
some drugs and increased sensitivity to drugs acting
on the central nervous system (CNS) are observed;
the susceptibility to adverse drug reactions appears
to be increased.

Adverse Drug Reactions Adverse drug reactions
(ADRs) in the elderly can result from multiple drug
therapy, drug overuse or misuse, slowing of drug
metabolism or elimination, or to age-related chronic
diseases, alcohol intake, and food-drug incompatibi-
lities. ADRs in the elderly are more severe than among
younger patients. Risk factors include being female,
living alone, multiple diseases, multiple drug intake,
and poor nutritional status (see Pharmacology).

Medications

The increase in acute and chronic illnesses that appears
in older populations produces greater health-care
expenditure and more medications for this subgroup

of the population. Older people constitute approxi-
mately 12% of the general population, but estimates
are that they receive a third of all prescriptions. Older
people also buy and use a disproportionately larger
number of OTC drugs. A list of the most widely
used prescribed drugs includes general medications
and psychoactive drugs; cardiovascular medication,
diuretics, antibiotics, and analgesics are among the
most frequently used drugs as are psychoactive drugs,
such as sedative-hypnotics including benzodiazepines,
and psychotherapeutic drugs, which include anti-
depressants and stimulants.

Although some treatment facilities report sizable
patient intake of older persons with drug-associated
problems and dependence on psychoactive drugs,
this issue has never evoked much interest. It may well
be that in the minds of legislators and the public,
keeping older people sedated is an acceptable idea.
Older persons frequently associated their intake of
psychoactive drugs with problems like insomnia or
depression, and almost half of those taking such
drugs report that they could not perform their daily
activities without the medication. The issue of pre-
scribed psychoactive drug use and misuse among the
elderly is complex and has psychological, societal,
and policy components.

There are several questions related to the use of
prescribed psychoactive medication. Nursing home
use of such drugs is a problem, and it is questioned
whether such medication is used for the benefit of the
patients or for the benefit of staff to facilitate patient
caregiving. Age differences in drug problems are re-
flected in the contrast of drug-associated emergency
room (ER) use: younger patients are likely to present
in ERs with emergencies relating to controlled sub-
stances like cocaine; older persons are more likely to
present in ERs with problems associated with misuse
of a psychoactive drug, usually prescribed. There
are also gender differences. Up to age 65, women are
prescribed and use more psychoactive drugs. From
age 65 on, the differences become complicated, and
data suggest that antidepressants are more widely
prescribed for older men than for older women. This
may be related to older men’s utilization of medical
resources, or possibility to a gender difference in
psychiatric problems among older people. For older
(white) men, the decline in power with aging is re-
flected in suicide rates. Although suicide rates remain
low and stable with aging women, they rise with age
among older men.

National surveys of elderly persons living in the
community show a widespread usage of psychoactive
drugs, and it has been noted by several investigators
that older people receive a disproportionately high
percentage of psychoactive drug prescriptions. The
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question of abuse, misuse, and dependence is raised
infrequently, usually as a caveat that a given drug
(e.g., a sedative) should not be used continually for
more than 2 weeks. In spite of that caution, approxi-
mately half the older persons queried in research
studies report that they could not perform their
regular daily activities without the medication. Soci-
etal concerns about older persons’ use of substances
seem to focus on alcohol.

The elderly have more health problems than youn-
ger people and therefore are more likely to be taking
multiple prescriptions. Such multiple drug therapy
means an increased risk of adverse drug reactions.
Studies involving hospital patient monitoring have
suggested a number of drugs of concern: dioxin,
diuretics, aspirin, psychotropics, cytotoxins, and non-
steroidal anti-inflammatory drugs (NSAIDs). Adverse
drug reactions may be a consequence of multiple
drug therapy, drug interactions, changes in older per-
sons’ drug metabolism or elimination, noncompli-
ance with prescribed drug use, incompatible food-
drug combinations, or alcohol intake combined with
medication use. It is estimated that the incidence of
adverse drug reactions is two to three times more
frequent among the elderly than among younger
patients. To compound the difficulties, adverse drug
reactions among older people are more severe,
and there are those investigators who believe that
drugs should be prescribed at lower initial doses
for older patients. There are also investigators who
believe that medications are over prescribed for the
elderly and that some restraint in prescription would
be helpful.

Data from the Drug Abuse Warning Network
(reports from urban ERs) indicate that older people
are most likely to present with problems relating
to nonbarbiturate sedatives, tranquilizers, barbitu-
rate sedatives, and antidepressants. On all of these,
the percentage of women appearing in ERs is greater
than the percentage of men.

Several classifications have been made of different
usage of psychoactive drugs. One such classification
distinguishes appropriate use, unintentional misuse,
and purposeful misuse. Another differentiation is of
benzodiazepine use: first, there is a low or therapeu-
tic dose, the usual prescription pattern, and no with-
drawal symptomatology when use ceases. There is
also high-dose therapeutic use, which is again pre-
scribed but usually produces withdrawal symptom
when use ceases. Second, there is intake involved in
multiple-drug use, frequently involving alcohol; here
the aim is to achieve a “high” or some form of self-
prescribed relief.

A problem relating to medical practice and pre-
scription drugs is the question of non-compliance.

Non-compliance is seen as a major problem, inclu-
ding the following:

1. Non-use: not obtaining the prescribed drug, per-
haps because of cost.

2. Partial use: ceasing before course is complete, per-
haps because of side effects, or combinations of
prescribed drug with OTC drug not prescribed.

3. Incorrect dosage: more or less than prescribed.

4. Improper timing or sequencing of medication.

5. Shared medications.

A survey by the largest organization of older persons,
the American Association of Retired Persons
(AARP), found that 40% of the respondents experi-
enced side effects; half of those said that side effects
had not been discussed by health-care personnel. Al-
though non-compliance is often attributed to cogni-
tive limitations of older persons, a question has been
raised as to whether the non-compliance is more
likely to be linked to limited financial resources,
a denial mechanism, issues of autonomy, and the
quality of communication between patient and phy-
sician. Although it has been suggested that older
people have the ‘right’ to make decisions about their
drug intake, the extended life expectancy is related to
pharmaceutical advances. What is needed is a balan-
ced view in which patient and physician can arrive
at a modus operandi and a rationale for medication
intake.

Over-the-Counter Drugs

The most commonly used non-prescription drugs are
analgesics, nutritional supplements like vitamins,
laxatives, and antacids. Non-narcotic analgesics are
the most commonly reported drugs of purchase by
older persons both in the United States and in other
countries. When the question is raised whether the
elderly use more OTC medications than other age
groups, there is disagreement. Some investigators
believe that older people purchase and use dispro-
portionately more OTC medication than other age
groups; other investigators believe that elderly people
do not use such OTC medications excessively.

The Food and Drug Administration has suggested
that there be special labeling on prescribed drugs for
persons over 65. The general response to the sugges-
tion of special age-related labeling on OTC drugs has
been negative, and consensus among investigators
is that labeling by specific medical condition is pre-
ferable. It is of interest to note that more information
is available to OTC drug consumers on packaging
and package inserts than to consumers of prescribed
drugs.
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The question of home remedies and folk remedies
may be raised here. Although herbal teas and chicken
soup are not in the same category as drugs or medi-
cation, such folk remedies are widely used and prob-
ably more often by poor people. Perhaps studies of
American eating habits could include such investiga-
tion. One suspects that self-medication with home
remedies is the first line of health defense with most
people.

Nicotine

Men are more likely to be smokers than women,
although the percentage gap between the sexes has
narrowed considerably in the last 20 years. The Pub-
lic Health Service has tracked the marked increase
in female smoking during and after World War II
and by the 1960s, lung cancer deaths among women
began to rise. Since 1985, lung cancer has passed
breast cancer as the chief cause of cancer death
among women.

A survey of people 65 and older in Massachusetts
showed that those less likely to be current smokers
included respondents living alone or with their chil-
dren, those who reported their health as poor or fair,
and ‘the frail elderly.’

The relationship between smoking and a variety of
diseases is well documented. A review of studies of
the metabolism of drugs in older persons concluded
that the effects of aging, nicotine, and alcohol are
confounded.

lllegal Substances

The occasional social use of drugs like marijuana,
hashish, and even cocaine probably does occur
among older individuals, and there are apparently
users of illicit drugs (e.g., heroin) who began drug use
earlier in life and have survived into old age. One of
the widely held beliefs about opiate addicts was that
they did not survive to old age, that they either died
or ‘matured out.” There is, however, a small number
of elderly heroin-dependent people who have man-
aged to maintain their habits and live beyond their
sixties. In the mid-1970s, people over 60 years of age
constituted 0.005% of the methadone maintenance
population in New York City; 10 years later, the
proportion had risen to 2%. These are not drug-
dependent people whose habit is of recent onset;
they are long-term heroin addicts who have survived.
Interestingly enough, the Michigan Department of
Public Health reported that for treatment admissions
in 1992-93, for those 60 and over, heroin was the
primarily substances of abuse for 3%.

Study of the New York City methadone-main-
tained survivors showed a number of variables
relevant to survival: the survivors had long-lived
parents, they avoided violence, and were careful
about the use of clean needles. They were able
to hold some drugs in reserve, used other drugs —
particularly alcohol — moderately, and were generally
in reasonable health when compared with same aged
people in the general population.

The use of banned substances is associated with
younger rather than older persons. In Michigan,
treatment admissions for those under 60 show twice
the percentage of younger patients whose primary
substance of abuse is heroin: 6% compared to 3%.
The contrast is even sharper for those whose primary
substance of abuse is cocaine or crack: 18% of those
under 60 and 2% of those 60 and older. Data from
the criminal justice system suggest a triadic relation-
ship: youth, criminal activity, and illegal drugs. For
older persons, the criminal justice system has tradi-
tionally been involved with the homeless skid row
man. In recent years, however, arrests for public in-
toxication have diminished, and the homeless popu-
lation has become more heterogeneous.

Alcohol

Alcoholic beverages are legal and socially accepted.
As such, they are used infrequently or moderately,
they may be consumed in large quantities, or they
may produce alcohol abuse, alcoholism, or depen-
dents for some users. We will examine briefly the
moderate social use of alcoholic beverages by older
persons and then move to alcohol-related problems
as manifested in abuse or dependence.

To what extent is alcohol used by older persons? It
has been generally accepted that moderate drinking
declines with age, but some data challenge this. Per-
haps there is a historic shift so that the older cohort
of the 1990s behaves differently with alcoholic
beverages than the older cohort of the 1950s or
1960s. There are National Health Interview Survey
(NHIS) results that suggest an increase in alcohol
intake among men 65 and older, and a small increase
among the same aged women. A few community-
based longitudinal studies have shown an increase
over time; a Framingham, Massachusetts, study
showed a large increase for women. Drinking is tied
to laws and social customs, and there has been a
trend in recent decades toward greater acceptability.
Many small communities with local prohibition laws
have shifted to acceptance, and women’s drinking
in particular is likely to be affected by social accept-
ability. Older people as well as younger people are
affected by changing mores.
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How much of a health risk is alcohol for older
persons? It is certainly true that the older population
is more likely to manifest both acute and chronic
illness; it is also true that this population takes more
medication than younger groups. The question of
age changes in hepatic blood flow and the capacity
of the liver to metabolize drugs is relevant. Older
people show a decrease in body water content that
produces higher peak serum ethanol levels for the
same amount of alcohol, which would produce lower
peak levels for younger people. There are other
relevant age changes, and the increased vulnerability
of the brain with aging raises questions about symp-
tomatic behavior like confusion, depression, and
dementia as they may relate to alcohol intake. The
general consensus, however, is that light drinking is
not particularly harmful to older persons, provided
they are reasonably healthy and take no medications
that interact with alcohol; one drink a day is con-
sidered prudent.

Drinking Problems

Although there may be a larger number of older
adults with psychoactive medication problems, they
are not likely to appear in substance abuse services. It
is much more likely that older adults who drink
heavily or frequently and who manifest alcohol-
related health and other problems will appear, volun-
tarily or not, at such services. In Michigan, treatment
admissions of patients under 60 years of age include
62% for whom alcohol is the primary substance
of abuse; for people 60 and older, alcohol is the pri-
mary substance of abuse for 86%. In a study done at
a veterans’ hospital 65% of the younger alcoholic
men and women 80% of the older alcoholic men in
the study group chose alcohol as ‘substance of first
choice.’

The literature on elderly alcoholism is limited, and
samples are drawn from hospitals, arrest records,
out-patient clinics, and housing for older people, and
from community and national surveys. The issue of
how patients are screened is also relevant. Although
standard screening instruments are widely used,
there is a question about the meaningfulness of some
of the criteria for diagnosis of alcoholism. Losing
time from work may be irrelevant, falls and medical
problems may be more relevant. Caution is needed:
surveys show a relatively low percentage of problem
drinkers among those 60 and over but the size of
the problem may be larger. A recent study examined
the records of all hospital inpatient Medicare Part A
beneficiaries, 65 and older, and reported a high
prevalence of alcohol-related hospitalizations. The
highest rate of such hospitalization occurs in the

45- to 64-years-old age group (94.8 per 10 000 popu-
lation) and the second highest rate was in the 65-and-
over age group (65.1 per 10000 population). The
alcohol-related disorders included alcohol abuse and
dependence, and alcoholic liver disease, psychoses,
cardiomyopathy, gastritis, and polyneuropathy.

There is a vast literature on neuropsychological or
cognitive loss which is a by-product of heavy or
problem drinking. Such psychological deficits have
been explored in terms of functions impaired, gender
differences, and the relationship of age to cognitive
impairment. The latter produced a ‘premature aging
hypothesis,” which posited premature senescence
brought on by heavy drinking; evidence about this
hypothesis has been mixed. Cognitive impairment
may focus on specific functions: short-term memory,
non-verbal abstracting, the ability to process new in-
formation, and so forth. There is a question about the
reversibility of the cognitive loss, and it is generally
believed that older problem drinkers may regain loss
function, given time, although the process is slow.

One of the most interesting phenomena of elderly
problem drinking is the subtyping: early onset versus
late onset. Some authors have defined late onset as the
beginning of problem drinking around age 40; this
means that a group of problem drinkers are divided
into those who began problem drinking in their
twenties or younger and a group that began around
age 40. There is a good deal of literature that indi-
cates that the younger-onset group will show more
positive family history, more comorbid diagnoses of
antisocial personality, and poorer prognosis. If we
are, however, to associate onset and old age, it would
be better to differentiate problem drinkers at 65 or 70
into early onset and recent onset. That a group of
late- or recent-onset problem drinkers exists has been
verified by a number of reports that suggest that
about one-third of older problem drinkers studied
qualify as recent onset. There is an interesting ques-
tion whether such recent or late onset is associated
with experienced stress; several investigators studying
stress and drinking have come up with support for
stress-as-etiology and others with stress-as-irrelevant
data. Stress may be a complex phenomenon that im-
pacts differently depending on gender, general health,
socioeconomic status, life experience, and so on.

There are drinking-related factors, and it seems a
reasonable hypothesis that problem drinking is more
likely to occur in someone who has had a history
of intermittent heavy drinking. There are changes
in role and status with old age and different coping
mechanisms and ability to adapt among older peo-
ple. There are also shifts in the social environment,
particularly for the elderly who move to a different
location.
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By and large, the patterns of drinking and alcohol-
related problems do not seem remarkably different
for older and younger problem drinkers. Older alco-
holics are less likely to get into fights and less likely
to have work-associated problems. They may have
more alcohol-related health problems, more acci-
dents, more concern about income, and possibly
more likelihood of binge drinking.

Information about elderly female alcoholics is
sparse, but a recent report compares such men and
women in their 60s. The women report more marital
disruption than the men and that is consistent with
other age group gender comparisons; martial disrup-
tion in this age group, however, is less likely to be
divorce or separation for the women, of whom 51%
were widowed (compared with 18% of the men).
There is a striking difference in reported age at onset:
more than a third of the women report onset in the
last 10 years and only 4% of the men do. Another
significant gender difference is heavy or problem
drinking by a significant other; as occurs in all age
groups’ gender comparison, more women report the
spouse as a heavy or problem drinker than do men.
Also, true of all age group gender comparison is that
women are more likely to drink at home and less
likely than men to drink in public places. Effects
of alcohol as reported by the women show more
negative effects (e.g., feel miserable) than do the
men, the men report significantly more often that
they ‘get along better with people’ when drinking,
and there are no gender differences in aggression
as a result of drinking. A final gender comparison:
women are significantly more likely to report de-
pendence and tolerance in psychoactive drug use
(e.g., minor tranquilizers) than are men. Again, this
gender difference appears throughout the life course.

The Role of Ethnicity

An early study, conducted in an ER of a Florida
hospital, gave some figures for admissions 60 and
older: 3.5% were Hispanic elderly, 6.2% were black
elderly, 20.3% were white elderly.

A study of aging and ethnicity, containing material
from the United States General Accounting Office,
1992, shows the following: for the 65 and older
groups, a third of Whites are defined as ‘poor’; for
Hispanics that proportion is 69 %; for Blacks, 100%.
Clearly older minority group members have bene-
fited little from affirmative action programs designed
to help people through school or business. Such pro-
grams have clearly helped younger African Ameri-
cans (New York Times, June 24, 1995).

This relates to an interesting contrast within the
Black—White comparison in relation to drinking: when

low-income black men are compared with low-income
white men, they report significantly more drinking
consequences and drinking problems. When affluent
black men are compared with affluent white men,
the difference in drinking problems is diminished to
insignificance. Comparisons of Black—=White drinking
problems must therefore include not only age and
gender but income as well: Significant interactions
have been observed of social class, race, drinking con-
sequences, and total alcohol-related problems.
Researchers have reported a comparison of elderly
alcoholic men in treatment. There were 142 white
patients, mean age 64, and 27 black patients, mean
age 62. Some interesting differences were found:

1. The black patients (although drawn from the same
clinical sources) showed significantly less educa-
tional achievement, occupational status, income,
and current employment status. This is the age
group that has benefited little from recent affir-
mative action programs.

2. Compared on drinking behaviors and patterns, it
appeared that the black alcoholics drank larger
quantities, preferred high-alcohol-content bevera-
ges, and were significantly more likely to engage in
drinking in public places.

3. The black alcoholics had used or abused drugs
other than alcohol to a greater extent than repor-
ted by the white alcoholics; and though both
groups were elderly, the black men reported ear-
lier age introduction to and use of ‘street’ drugs.
One may raise the question of availability of such
drugs in the community.

4. Health consequences were reported more often by
the black elderly alcoholics than the white and a
regression model for health consequences showed
that the variables of greatest relevance were
educational achievement, lifetime daily drinking
average, drinking in public, and dependence on
drugs other than alcohol.

An array of social, community, and institutional
consequences of the heavy drinking was reviewed,
and on the job and with the police, the black men
reported more trouble; they also reported more re-
jection from friends. A regression model for social,
community, and institutional consequences found
the variables of greatest relevance to be educational
achievement, lifetime daily drinking average, drink-
ing in public, and race.

The triple stigma of being black, elderly, and al-
coholic presents formidable challenges in finding
these people, motivating them, and working at re-
habilitation.
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Questions have been raised about the prevalence
of heavy drinking or alcohol abuse in retirement
communities. There are no controlled studies (e.g., a
comparison of the drinking of retirees who move to
retirement communities and those who stay in their
own homes). It may very well be that moving to
a different state, an excess of free time, and social
facilitation may play a role for some elderly drinking,
but that has yet to be demonstrated.

A half century ago, there was much research inter-
est in the chronic drunkenness offender. A dispropor-
tionately high percentage of arrests for drunkenness
and public intoxication was noted among men 60
years of age and older. Two major changes have oc-
curred in what used to be called skid row: first, a
Supreme Court decision which permits arrests for
antisocial behavior (e.g., disorderly conduct) but not
for intoxication per se; second, the character and
locale of the homeless population has changed. The
homeless population now includes many former men-
tal hospital patients and may be found in many dif-
ferent locales (airports, train terminals, etc.). In some
inner cities, there has also been a drift of African
Americans and Native Americans toward the old skid
row neighborhoods. At present, it is more likely that
the elderly homeless alcoholic will be referred to a
detoxification center, but little progress has been
made in measures to help the rehabilitation process.

The question of whether those older persons who
live alone are more likely to be heavy drinkers is not
resolved. Older women are more likely to live alone
than older men, and the rate of problem drinking is
considerably lower for those women than for older
men. There are certainly older alcoholics who live
alone, but a review of their histories may show a life-
time of alcohol abuse and an alienation of family; living
alone is therefore a consequence rather than a cause of
the abusive drinking. Study of this question must take
into consideration the gerontological fact of differ-
ences in subgroups of the US population: the elderly
person living with family members is more character-
istic of some ethnic groups than others and is clearly
related to socioeconomic status, family location and
relationships, state of health, marital status, and so on.

Treatment and Prevention

A great deal has been written about the elderly
alcohol abuser, but there are really three major
questions: First, how do older alcohol abusers get
into treatment? Second, what kinds of problems in
diagnosis and management do such patients present
and are there unique patterns in their clinical his-
tories? Third, having made the diagnosis of alcohol
abuse with or without accompanying comorbid

symptoms, what are the most effective ways to pro-
ceed in treatment?

Older patients may be referred or brought to a
substance abuse facility by family members, ER per-
sonnel, policemen, physicians, social agencies, or law
enforcement agencies. A major basis for referral is
the presence of alcohol-related health problems. One
Canadian program notes that clients rarely enter a
program to deal with their addiction but rather for
help with other problems (e.g., accommodations,
health care and the like).

The manner in which an elderly patient enters a
substance abuse facility is very much a matter of his
or her social networks and support systems. It may
be concerned family or friends who bring in a client,
but it is at least as often police or medical authorities
bringing a patient who has long since destroyed
family contacts.

There is, however, the question of maintaining
contact. We have been studying elderly persons,
diagnosable by the Diagnostic and Statistical Manual
IV (DSM-1V) as alcoholics or alcohol abusers. The
subjects came from hospitals, Alcoholics Anonymous,
community advertising, general hospital wards, senior
citizen housing, and community centers. Interviews
were conducted with 104 unremitted alcoholic men
currently in treatment and with 67 men, diagnosable
as alcoholic but not in treatment. The groups were
demographically similar and differed only in the fact
that significantly more of the not-in-treatment group
was retired. The most striking differences between
the two groups of men occur when they are asked
for self-description about their drinking (e.g., asked
if they could stop drinking without a struggle after
one or two drinks). Fifty-four percent of the men
in treatment answered no compared with 24% of
the not-in-treatment group. Examined for the nine
symptomatic behaviors necessary for a diagnosis of
alcohol abuse or alcoholism (DSM-IV), the men in
treatment responded positively significantly more of-
ten than the not-in-treatment men. Drinking patterns
were quite similar, but the men in treatment reported
significantly more alcohol-related health problems.
Finally, there was a striking difference in help-
seeking behavior. In summary, older alcoholic men
in treatment show greater severity of alcoholism
(DSM-1V) and are more likely to self-describe as pro-
blem drinkers or alcoholics. They are more likely to
engage in help-seeking behaviors that may include
the use of the ER in a local hospital, a chapter of
the Alcoholics Anonymous, seeking out a friend or
relative or a physician, and so forth.

Finally, are there more effective ways of working
with the elderly alcohol-dependent person? One ques-
tion that has arisen is the efficacy of elder-specific
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programs (e.g., group therapy with a group made
up of elderly patients). Reports are mixed, but as
with other special populations, if feasible, it is prob-
ably wise to offer an elder-specific group. Working
with elderly patients is not remarkably different from
working with other groups, but the counselor must
be patient because the tempo may be slower. A non-
confrontational therapist who encourages reminis-
cence as well as discussion about current problems is
recommended.

A note on prevention: because we are not really on
firm ground in describing the antecedents or etiology
of alcohol problems among the elderly, effective
prevention programs must wait upon more knowl-
edge of etiology. Although there is disagreement
among researchers about the role of stress in faci-
litating heavy or problem drinking among the elderly,
it is wise to develop aid programs for those who are
recently widowed, recently retired, or even recently
removed from one residence to another.

See also: Pharmacology.
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B Lymphocytes — Cells of the lymphocyte lineage
that migrate from the bone marrow, mature in the
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Immunoglobulins (Ig) — The soluble protein products
secreted by activated, B cell-derived plasma cells
that carry combining sites specifically reactive with
the inducing antigen or allergen. Immunoglobulins
are produced in five variant forms designated IgM,
IgD, IgA, IgG, and IgE. Antigen or allergen-Ig
union presages foreign antigen removal and des-
truction by a variety of mechanisms.

Interleukins (IL) — A general term for cytokines, a
special class of soluble leukocyte products that
serve important intercellular communication and
regulatory roles and thus profoundly influence the
character of the immune response.

Isotype Switch — The mechanism by which B cells
‘switch’ from producing immunoglobulin M (IgM)
to produce IgE, IgG, or IgA molecules that continue
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to carry the structural (epitope) regions reactive
with the inciting allergen, but combine it with
a different Fc segment. This switch changes the
nature of the secondary reaction characteristics
of the Ig.

T Lymphocytes — Cells of the lymphocyte lineage
that migrate from the bone marrow to the thymus
gland where they mature and are programmed to
subsequently carry out one of a number of vital
effector or regulatory roles in the operation of the
immune system. These roles include functions such
as controlling B cell activation or effecting specific
delayed hypersensitivity responses.

Introduction

The immune system has evolved to protect against
infections and to eliminate any other foreign material
from the body. Ordinarily it accomplishes this
without causing significant physiologic or structural
damage to tissues of the individual host. When an
infection is persistent, however, or when the foreign
material is difficult to eliminate, the stimulus to the
immune system is intensified. Also, if the individual
is genetically prone to respond immunologically to
even very low concentrations of foreign material
such as inhaled plant pollen, an allergic or hyper-
sensitivity state develops. These intensifications of
the usual immune reactions lead to associated or con-
comitant forms of tissue damage in the host that
are manifest clinically. It is our purpose here to look
at such reactions in the elderly and how they are
influenced by the aging process.

Background

In immunologic parlance, allergies or hypersensi-
tivity states are disorders in which immune responses,
sometimes directed against otherwise harmless sub-
stances, result in inflammation and consequent tissue
damage. Common clinical examples of such unfor-
tunate hypersensitivities include hay fever, allergic
asthma, hives, eczema, anaphylactic reactions to in-
sect stings, serum sickness, farmer’s lung, and contact
dermatitis.

Under the right circumstances, hypersensitivity re-
actions can develop in anyone, but there are some
individuals in whom there appears to be a genetic
predisposition to develop allergic responses — parti-
cularly of the immediate type. Such persons are said
to be atopic. Although classic allergic reactions most
often first appear in the young, they can occur at any
age and although they may persist for years, they
tend to wane or even disappear in the elderly. The

involution of allergic reactivity in particular and
immune responses in general in the aged is our focus.

Immunological reactions are ordinarily protective
and are designed to prevent or to overcome infection
by viruses, bacteria, fungi, or other micro-organisms.
When the system is operating vigorously, it may also
play a key role in suppressing the formation and
growth of tumors. Thus, an intact immune system is
crucial for our survival in a biologically hostile and
competitive world (see Immune System).

It is an old clinical observation that the elderly
often die of infections or of tumors that they are
simply unable to overcome. In the era prior to the
advent of antibiotics, pneumococcal pneumonia used
to be called ‘the old man’s friend,” because it was so
often the gentle terminal event in an otherwise long
and relatively healthy life. An elderly patient with an
extensive multilobar pneumonia would often deve-
lop only a modest fever of perhaps 100°F to 101°F,
an elevation of the white blood count of 8000 to
10000 with a slight “left shift,” (i.e. the appearance of
a few immature white cells in the blood). Clinically,
the patient would not seem severely ill. Shortly there-
after he would die. Give the same extent of pneu-
monia, a young adult would develop a fever of 105°F
to 106°F, a white blood count elevation of 35000,
and show many young band cells in the blood. He
would feel very ill, but he would live. It was apparent
that the intensity, the vigor of the systemic responses
to infection in the young adult and in the elderly
individual were dramatically different. Clearly, very
old people did not handle infections well. The sus-
picion arose decades ago that this might be because
the capacity to mount an immune response becomes
progressively impaired as the individual ages. And
indeed it does.

To understand not only why resistance to infection
is impaired, but why hypersensitivity or allergic
responses involute in the aged, it is necessary to de-
scribe how hypersensitivity states develop in the first
place. To this end, it may be useful to review some
basic features and to list the major reactive elements
of the immune system.

Basic Elements and Functions of the
Immune System

Immunologic responses exhibit two singular charac-
teristics. The first of these is that the reactions are
specific (i.e., a given immunologic reaction is directed
only against the foreign antigen or allergen that elici-
ted the response — although there may be some cross-
reaction with allergens that are structurally related).
The second is that the system is able to distinguish
self from non-self. Except under rare circumstances,
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such as those that obtain in autoimmune disease, the
immune system simply does not react against the
body’s own tissues. This makes good biologic sense,
because the central objective for the immune reaction
is to remove from the body macromolecules and life
forms that are foreign to its own makeup and are
potentially harmful.

Immunological specificity resides in the receptors
or recognition structures on the surface of T and B
lymphocytes. The capacity to discriminate self from
non-self is largely a function of the T lymphocytes.
As T cells from the bone marrow pass through the
thymus gland, those with receptors having a strong
affinity for self-antigens and hence might react with
the body’s own tissues are eliminated. Others are res-
tricted to react to foreign antigens only in conjunc-
tion with self-defining structures called the class I or
class II major histocompatibility complexes (MHCs).
Thymic screening and programming of T lymphocytes
is a complex and incompletely understood process,
but it is central to direction and control of immune
responses throughout the life of the individual.

The gut-associated lymphoid tissue (GALT) is
probably to B cells what the thymus is to T cells in
terms of the environment it provides for B cell mat-
uration.

Although an intact, fully functional immune sys-
tem is generally very adept at discriminating self
from non-self, it does not readily distinguish between
foreign substances that are potentially harmful and
those that are chemically or biologically innocuous.
To illustrate, in allergy-prone individuals the immune
system may not only react to, neutralize, and remove
life-threatening bacterial toxins in the course of
an infection (an eminently useful response), but may
also react vigorously to inhaled, harmless animal
dander protein or to plant pollen. This latter kind
of immunologic reaction may result in severe aller-
gic rhinitis or asthma — a biologic response that is
misdirected, probably protective, and carries with it
more harm than good.

The varied and complex functions of the immune
system are subserved by a number of cellular ele-
ments and by many soluble biologically active effec-
tor macromolecules. These include enzymes and
other regulatory proteins that possess stimulatory
and inhibitory properties. Chief among the cellular
components are T and B lymphocytes, macrophages,
polymorphonuclear leukocytes, mast cells, and baso-
phils. Among the soluble, secreted regulatory or
effector molecules are the macrophage or lympho-
cyte-derived cytokines or interleukins (ILs) and the
proteins of the serum complement cascade.

T lymphocytes and their subsets of CD4 or T helper
and CD8 or T suppressor cells are extraordinarily

versatile. They serve vital regulatory roles by influen-
cing B cell functions as well as themselves effecting
cell-mediated cytotoxicity and delayed hypersensi-
tivity responses. These latter two reactions are parti-
cularly important in destroying parasites, fungi, and
intracellular bacteria as well as virus-infected cells
and tumor cells. B lymphocytes (and their derivative
plasma cells) are responsible for antibody-mediated
Immune reactions.

B cells produce and release soluble antibody pro-
teins that are tailored to the tasks of neutralizing
toxins and extracellular viruses as well as facilitating
phagocytosis (cellular engulfment) and destruction of
bacteria. Antibodies are structurally configured to
conform to and react with the surface structure of the
foreign allergen or antigen. A useful analogy often
used is that antibodies fit the antigen much like a
key fits a lock. Antibodies are made in five immuno-
globulin (Ig) isotypes, IgM, IgG, IgA, IgD, and IgE.
These proteins are alike in that they react specifi-
cally with the antigen or allergen that elicited their
production, but differ in their secondary properties,
properties that are manifest after they combine
with the inciting antigen. The structures and special
reaction characteristics of the immunoglobulins are
shown schematically in Figure 1.

Most B cells initially carry and manufacture
IgM antibodies. In the face of many kinds of allergen
exposure or under conditions of persistent antigenic
stimulation, B cells may undergo a process called
class switching. They ‘switch® from making IgM
antibodies to making IgG or IgA or IgE antibodies of
the same antigenic or allergenic specificity. The class
switch is induced and controlled by T helper (CD4)
cells through their formation and release of certain of
the ILs or cytokines. Class switching is achieved by
retention of the Fab segment carrying the site speci-
fically reactive with the inciting allergen, eliminating
the original Fc segment and replacing it with the
Fc portion of the new isotype. This results in the
production of antibodies whose secondary reaction
characteristics, manifest after combination with the
inciting allergen, are different from those of the ori-
ginal IgM isotype.

As described below, B cells are ordinarily activated
and induced to form antibodies by T cells that have
themselves been activated by prior contact with
processed foreign antigen or allergen. Thus this pro-
cess of B cell activation is termed T cell dependent.
On rare occasions B cells may encounter what are
termed thymus or T cell-independent antigens. These
include lectins, polymeric proteins, and a good
number of polysaccharides with structures that
are able to activate B cells directly by cross-linking
B cell surface receptors with little or no T cell help.
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Figure 1 Basic structure of immunoglobulin antibody molecules. Variable regions of the light and the heavy chains constitute the
epitope or antigen-combining site. Constant regions of the heavy chain in the Fc fragment hold structures responsible for the secondary
reaction attributes of the particular antibody isotype (i.e., complement fixation and binding to cell surface receptors). Immunoglobulins
differ in whether they are monomeric, dimeric, or pentameric expressions of this basic structure and in the differing chain lengths and

nature of the receptors of the Fc segment of the heavy chains.

T-independent response produces mostly IgM, con-
firming that T helper cell lymphokines are required
for class switching.

Immunologically mediated defense and hypersen-
sitivity reactions also depend upon macrophages,
phagocytic polymorphonuclear leukocytes, and met-
abolically active mast cells and basophils. The latter
two cell types manufacture, store, and release a
host of effector molecules. Acting in concert with
the proteins of the serum complement cascade, the
ILs, and other regulatory cytokines, these elements
comprise a very intricate system that underpins
immunologically triggered and directed inflamma-
tory responses. Without these reactive capacities,
humans could not resist infections or tumors and
could not long survive.

Response to Allergens: Sensitization

How then do allergic or hypersensitivity states
develop? The series of steps that follow and the at-
tendant explanations identify the mechanisms that
operate in the genesis and expression of the four
classic hypersensitivity states as classified by Gell and
Coombs. Sensitization to an airborne pollen will
serve to illustrate the typical reaction sequence.
Pollen grains are breathed in through the nose and
impinge on the nasal mucous membrane. The pollen
is partially solubilized and a major sensitizing anti-
gen is absorbed into the underlying tissues. Here the
pollen antigen or allergen encounters and is engulfed
by a macrophage. Within this remarkable cell, the
allergen is dissembled into polypeptide fragments.
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In association with a structure termed the class II
major histocompatibility complex (MHC-II), these
fragments are externalized and presented on the
surface of the macrophage. By the time this aller-
gen processing is complete, the macrophage has
most likely migrated to the environment of a regional
lymph node.

Next, the macrophage displaying the allergen
fragment or MHC-II complex is perused by a series
of helper T cells (CD4 cells). Then a particular T
helper cell bearing a T cell receptor (TCR) with a
structural configuration complementary to that of
the pollen fragment locates and locks on to the pollen
MHC-II complex through its receptor. At some point
in this process, the pollen fragment is confirmed as
foreign, and the T cell is activated.

This antigen-processing activity just described as a
function of macrophages can also be carried out by
B cells — particularly those whose surface receptors
fit the foreign antigen or allergen especially well. The
B cell may internalize the antigen, process it, couple
it with the MHC-II complex, and present it to the
appropriate T helper cell, much as does the macro-
phage.

The activated T helper cell undergoes clonal pro-
liferation and differentiation. The derivative T helper
cells produce and release a number of soluble sub-
stances called lymphokines, which activate those B
cells that carry surface receptors akin to those on the
T cell (i.e., those that are also structurally comple-
mentary and specifically reactive with the allergen).
In addition, some of the activated T helper cells
differentiate into effector cells that are destined to
bring about delayed hypersensitivity (DH) reactions
on subsequent contact with the inciting allergen
(below). Some become memory T cells, cells poised
for rapid mass reaction if they later again encounter
the same antigen. This is termed a secondary or recall
response and is more rapid than the initial or primary
response.

The activated B cells in turn proliferate and dif-
ferentiate into plasma cells that produce and excrete
large amounts of antibody specifically reactive with
the allergen. Almost invariably, several lineages of
plasma cells develop, each of which manufactures
and releases antibodies of differing isotypes. Thus
stimulation by a single allergen, such as an airborne
pollen, results in the production of IgG as well as
IgE antibodies and also in the induction of a condi-
tion of delayed hypersensitivity mediated by special
T helper cells.

There is one other variant of the allergic response
that needs to be mentioned. Rarely, when some
individuals are treated with a drug such as an anti-
biotic like penicillin, the drug or some metabolite of

it may bind to the surface membrane of a cell (e.g., a
red cell). In this attached configuration, the drug may
prompt an antibody response with its own structure
acting as the “foreign” determinant. The resulting
antibodies will subsequently seek out and combine
with any of the individual’s red cells carrying the
penicillin or penicillin metabolite. The combination
between the antibody and penicillin determinant on
the red cell may activate the complement system and
the red cell may be lysed or ruptured.

Manifestations of Hypersensitivity States

Once initial contacts with an allergen have occurred
and the foregoing reactions have ensued, the indivi-
dual is said to have been ‘sensitized.” The diversity
of these responses to initial stimulation with a single
allergen accounts for the different hypersensitivity
reactions that result on subsequent contact with
the allergen. These four kinds of reactions may be
described as follows.

Type I or the immediate type of hypersensitivity,
mediated by IgE antibody, is what most people
recognize as classic allergies. IgE antibodies, formed
after initial sensitizing contact with the pollen or
other allergen, attach themselves by their Fc piece to
the surface of submucosal mast cells and circulating
basophils. When the pollen or other sensitizing aller-
gen again gains access to the tissues, it reacts with
the mast cell-bound IgE antibodies, cross-linking
them and triggering the degranulation of the cells.
This degranulation releases a series of biologically
active mediators into the tissues, including histamine,
leucotrienes, prostaglandins, and eosinophil chemo-
tactic factor. These compounds cause an acute in-
flammatory response in the upper and/or the lower
airways with vasodilation, itching, local tissue swell-
ing, increased mucous gland secretion, smooth mus-
cle contraction and eosinophilic infiltration. This is
the mechanism behind hay fever or allergic rhinitis,
allergic asthma, and the life-threatening anaphylactic
reactions to bee or wasp stings or to penicillin
administration in penicillin-allergic individuals.

Type II or cytotoxic hypersensitivity may be
expressed in three forms. Each of the reaction se-
quences requires antibody. If the sensitizing foreign
material is a drug or a drug metabolite that has
been incorporated into a cell membrane, perhaps the
membrane of a red blood cell, antibodies (most often
of the IgG isotype) attach to the bound drug and
attract and activate the serum complement system.
This results in lysis of the red cells. If this process
is sufficiently widespread, it can produce a serious
hemolytic anemia. Alternatively, antibody attached
to a membrane-fixed determinant may attract and
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secondarily bind through its Fc receptor to what are
termed natural killer cells (NK cells). These cells can,
by a process not yet completely understood, also
bring about lysis of the antibody-coated target cell.
Finally, if the allergen-antibody-coated cell is not too
large, it may be opsonized and destroyed by engulf-
ment by a phagocytic cell, which also hooks on
through a receptor on the Fc fragment of the anti-
body. It is worth noting that this same type of hyper-
sensitivity reaction in its three variant forms is
thought to operate in destroying tissue in a number
of autoimmune states. In autoimmune diseases, the
membrane-bound target is not a foreign drug or
allergen, but is presumably a normal cell constituent
mistakenly viewed as foreign by the immune system.

Type II or immune complex hypersensitivity is the
immune reaction responsible for a number of clinical
conditions, including hypersensitivity lung diseases,
serum sickness, and immune complex kidney disease.
Antigen exposure in this disorder is usually intense
and protracted. This leads to a quantitatively im-
pressive antibody response because the sensitizing
antigen or allergen is often cleared from the body
with difficulty. The allergen and the antibodies com-
bine and then fix complement, which results in an
inflammatory reaction. Vascular walls are damaged
in the process and their permeability is increased. As
a result of this initial damage, the deposition of the
immune complexes in the vascular walls and tissues
may then worsen and perpetuate the inflammatory
cycle by attracting polymorphonuclear leukocytes
that further accentuate local tissue damage. When
such complexes deposit in renal glomeruli, kidney
disease results. The presence of immune complexes
in the circulation is not an uncommon event. Ordi-
narily they are rapidly removed by circulating red
cells (picked up by red blood cell complement recep-
tor) or by phagocytosis. It is when the complexes are
formed in the presence of antigen excess that they
deposit in tissues and tissue damage ensues.

The mechanism of Type IV hypersensitivity (also
termed tuberculin, contact, or delayed hypersen-
sitivity) is antibody independent and is mediated
by T cells alone. The very descriptive term delayed
hypersensitivity is employed because the reaction
becomes manifest and reaches its peak only after
about 48 hours following reexposure to the sensi-
tizing antigen. A subset of T cells of the CD4 type
especially programmed to secrete cytokines IL2 and
interferon (IFN) gamma appear to be responsible
for precipitating the Type IV inflammatory reaction
and the consequent tissue damage. If it is sufficiently
intense, a local delayed hypersensitivity reaction can
result in vascular occlusion and tissue necrosis. De-
layed hypersensitivity underlies the disease contact

dermatitis, as in the reaction to poison ivy, and under
such circumstances is clearly deleterious. Paradoxi-
cally, as noted earlier, this same hypersensitivity state
is an absolutely crucial feature of the complex
immune response, which serves to contain virus
infections and to control mycotic and intracellular
microbial infections such as tuberculosis. This is also
the reaction responsible for the diagnostically useful
tuberculin skin test.

Involution of Hypersensitivity States
with Aging

Again, the vigor of immune responses, including
allergic or hypersensitivity reactions, diminishes in
the elderly. The nature of the impairment has been
studied extensively over the past two decades, and
we now know some of the bases for immunologic
senescence. These changes are best understood in
light of the mechanisms producing the hypersen-
sitivity reactions just described.

Although there are some variations in published
reports, the overall number of immunocompetent
cells and their various subsets does not appear to
change much with advancing age except very near
the end of the individual’s life. This phenomenon has
been well documented in the Baltimore Longitudinal
Study of Aging. In the majority of the subjects,
the absolute peripheral blood lymphocyte count
remained within the normal range into advanced
age. However, a marked lymphopenia was found in
men in the 3 years preceding their deaths. Although
in most studies in humans, B cell and macrophage
numbers appear to be maintained, and the total
number of T cells may remain nearly constant, there
seems to be an increase in the proportion of imma-
ture T cells in the elderly.

This release of immature T cells into the peripheral
blood of the elderly may reflect changes in the
thymus, the organ that consistently shows the most
dramatic changes as humans grow older. This key
structure, so important in the development and
management of T cell activity, begins to involute
at puberty and continues to do so until middle age.
After the age of 50, the thymus contains less than
10% of its previous immunologically active cell
mass — most of which is replaced by adipose tissue.
As this process progresses, there is a concomitant
decline in the synthesis and release of regulatory
thymic hormones. These hormones are no longer
even detectable after the age of 60 years. Some level
of thymic activity, however imperfect, is probably
maintained in the elderly because T precursor cells
continue to leave the bone marrow and home in on
the thymus. It appears that the positive and negative
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selection, the maturation, and programming of the
T cells in the thymic environment is impaired.
This also may be a key factor that contributes to
the increasing autoimmune activity seen in the aged.

Given the extensive involutional changes in the
thymus, it is perhaps not surprising that the T cells
more than B cells are the most directly and pro-
foundly affected in the aging process. The extant,
long-lived peripheral T cell population in the blood,
the lymph nodes, and the spleen may also develop
functional deficits over time. These are manifest
in important ways. Cell-mediated immunity and de-
layed hypersensitivity, both manifestations of direct
T cell effector activity, may be seriously compro-
mised. It has been demonstrated that a group of
individuals over 80 who became non-reactive or
hyporesponsive in tests for delayed hypersensitivity
showed a higher mortality over a 2-year period
than did a comparable group who were not hypo-
responsive. The loss of delayed hypersensitivity and
impairment of specifically directed cytotoxic cell-
mediated immunity opens the door for reactivation
of latent viral, mycotic, or tubercular infections.

Furthermore, perhaps reflecting the repeated im-
munologic stimulation that accrues over the years,
the elderly show increasing numbers of T cells com-
mitted to memory function.

T cells from the aged when placed in culture show
a marked decrease in their ability to proliferate when
exposed to phytohemagglutin (PHA) or concanavalin
A, two potent mitogens (compounds that stimulate
cell division). Among old T cells, only about half are
able to respond to such stimulation. Furthermore,
when they do respond old T cells show an impair-
ment in calcium uptake, a decrease in enzyme induc-
tion, a decrease in protein synthesis, and a decrease
in nuclear response to intracellular signals.

All these deficits in the efficiency of intracellular
processes diminish the replicative capacity of the
T cells. They also substantially decrease the T cell’s
ability to form and release those soluble regulatory
substances so crucial to the T cell role in arousing
and controlling the overall immune response.

In this regard, the decline in IL2 production has
been extensively studied and the mechanism of the
failure defined in some detail. Deficiency in IL2
production has broad ramifications. It affects not
only T cells, but B cells and antibody production
as well. Deficits in T cell synthesis and release
of other ILs, of B cell differentiation factor, and of
B cell growth factor decreases the effectiveness of
intercellular communication and thus of immuno-
regulation.

Witness to this failure in immunoregulation in the
aged is the decrease in B cell capacity to mount a

vigorous specific antibody response to T cell-depend-
ent allergenic or antigenic stimulation. It appears
that the B cell response to T cell-independent anti-
gens may be less compromised. The levels of such
natural antibodies as isoagglutinins against blood
group antigens also decline in the aged. Oddly, other
elements of the B cell population show increases
in the production of autoantibodies. Fortunately, al-
though old people show an increase in autoantibody
activity, they do not often show a concomitant in-
crease in autoimmune diseases.

Defects in regulatory function are also manifest in
the proliferation of single B cell lineages in the eld-
erly, which synthesize and release large amounts of
monoclonal ‘antibody’ of obscure specificity. These
latter immunoglobulins are produced in such quan-
tity that they are manifest as ‘M’ peaks on serum
electrophoresis. They appear to be produced by a
B cell clone that has escaped normal T cell suppres-
sor or other dampening regulatory influences.
Among 90-year-olds, as many as 15 to 20% may
show M peaks. Such monoclonal ‘gammopathies’
not infrequently presage the onset of fatal lympho-
proliferative malignancies in the elderly.

Macrophages seem to withstand the aging process
relatively well, but are not entirely spared. Their
number seems not to diminish much with time, and
they appear to retain phagocytic and antigen pro-
cessing and presentation processes fairly well.
Importantly, however, their capacity to produce ILs
and other soluble factors may be impaired as the
individual ages.

It appears to be relatively well established that
classic allergic or immediate (Type I) hypersensitivity
reactions are far less frequent in old age. The reasons
appear to be several. Serum IgE concentrations are
significantly lower in the elderly than in the young,
and the differences are most marked in males. The
specific IgE response to administration of diphtheria
toxoid has been found to be lower in the aged, and
the intensity of the immediate skin test ‘weal and
flare’ reaction is reduced in old people. It is suggested
that these findings are not only because of a decrease
in the ability to make IgE, but are also a reflection of
impaired mast cell function.

Some particularly elegant work has shown a de-
crease in the production and the response to 1L4, the
cytokine that is key to controlling the synthesis and
release of IgE. As previously noted, this Ig isotype is
responsible for immediate hypersensitivity reactions
or classic allergies. The impressive decline in IgE
explains the disappearance or the diminished inten-
sity of allergic rhinitis and allergic asthma in patients
who are up in years. Severe IgE-mediated reactions
such as anaphylaxis can occur in the elderly, but they
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are rare. The involution of the atopic state ranks
among the few comforts of growing older.

Serious impairment of immune responses including
those in the realm of allergic or hypersensitivity
states carries ominous portent. Thus, assessment of
the condition of the immune system in the elderly can
provide important prognostic insights.

See also: Immune System.
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Glossary

Anabolic — Tending to build up new tissue compo-
nents and favoring growth and repair.

Dihydrotestosterone — A potent androgen made from
metabolism of testosterone by desaturation (dele-
tion of two hydrogens) of the A ring.

Estradiol — Main female sex steroid hormone
that mediates breast and feminine body habitus
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development, supports female reproductive function,
and helps sustain bone mass.

Gonadotropin — Protein hormone produced by the
pituitary gland that regulates testis and ovarian
function.

Receptor — Protein to which a hormone binds speci-
fically and that mediates effects of hormone at
cellular level.

Steroid — Fat-soluble molecule derived from choles-
terol having four rings, three of six carbons and
one of five carbons.

Testosterone — Main male sex steroid hormone that
mediates masculinization of fetus and male puberty,
and sustains male sexual function and body habitus.
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Introduction

The major male sex steroid hormone, testosterone
(T), is synthesized from cholesterol and secreted
mainly by the Leydig (interstitial) cells of the testes in
response to pituitary luteinizing hormone (LH). LH,
a large glycoprotein hormone, is, in turn, produced
in response to neurally timed episodic pulses of gon-
adotropin-releasing hormone (GnRH), a decapeptide
secreted by neurons in the hypothalamus, which
reaches the pituitary via a portal venous network.
GnRH and LH secretion are controlled by a feedback
system in which T and its aromatization product
estradiol inhibit hypothalamic and pituitary secre-
tory activity. T circulates about 40% bound to sex
hormone-binding globulin (SHBG). Of the fraction
of T not bound to SHBG, called the bioavailable
T, most is loosely bound to serum albumin, leaving
only 1-2% dissolved in plasma as free T. T acts
mainly via the androgen receptor (AR), which parti-
cipates in a nuclear receptor complex and stimulates
or inhibits activity of specific genes by binding to
upstream androgen regulatory sequences. In many
androgen target cells, T is converted to dihydrotes-
tosterone (DHT) by the enzyme So-reductase. DHT
is a more potent androgen than T, having a higher
binding affinity for the AR. DHT also circulates
partially bound to SHBG, usually at about 10% of
the concentration of T. In addition to stimulating
maturation of male genitalia, body habitus, and hair
patterns at puberty and maintaining male libido, T
has important lifelong effects on body composition,
especially skeletal muscle mass and fat distribution,
bone metabolism, cognition, and affect.

Extensive clinical research has been conducted in-
vestigating whether a decline in male hormones with
age (andropause) occurs in men. Yet the questions
of the extent to which T decreases as a concomitant
of the normal aging process and, more important,
whether such decreases represent functional male
hypogonadism remain open. Critical issues bearing
on the advisability (or inadvisability) of T replace-
ment in elderly men have not been resolved and
require further investigation. The key questions to be
answered in order for physicians to make appropri-
ate clinical decisions are the following:

® Does T decrease with age in men and, if so, are
levels consistent with hypogonadism in significant
numbers of older men?

® To what extent are changes in T levels clinically
significant?

® Are typical aging changes in physiology, body
composition, and function consistent with hypo-
gonadism?

® Do typical age-related changes correlate with
endogenous androgen levels?

® Are there potential benefits from treating older
men with T alone or in combination with other
hormones?

® What serious adverse effects occur with androgen
replacement in elderly men?

These questions have not been answered satisfac-
torily. However, some research results suggest that T
replacement may be useful in a significant number of
older men.

Is There a Decrease in T Levels with Age?

A few initial cross-sectional studies of T levels in men
of various ages failed to detect significant decreases
in older men. However, in the majority of cross-
sectional investigations declines in circulating and-
rogens with age have been observed (e.g., Figure 1A).
In addition, SHBG levels appear to increase with age.
Thus, for the same concentration of total serum T,
the level of free or bioavailable T tends to be lower
in old men than in young men, and the age-related
decrease in free or bioavailable T is more pro-
nounced than that for total T (Figure 1B). In addi-
tion, longitudinal studies have confirmed progressive
linear reductions at fairly constant rates of about 1%
per year for total T and 1-2% per year for non-
SHBG-bound T with aging in healthy men, beginning
by age 30. This change has been well defined in
the Baltimore Longitudinal Study on Aging (BLSA)
population and is shown in Figures 2A and 2B. Esti-
mates of the frequency with which T concentrations
reach hypogonadal levels (i.e., two standard deviat-
ions below the mean for young men) in men of
different ages vary from 30-40% in men over 65 to
as high as 70% in men in their 80s. These estimates
suggest that millions of elderly men have hypogon-
adal serum T levels as conventionally defined. This
condition has been referred to as partial androgen
deficiency of aging men (PADAM). The extent to
which such men might benefit from hormone re-
placement is an extremely important, but as yet un-
answered, question.

Is the Lower T in Aging Men Clinically
Significant?

In apparently healthy men, there are significant age-
related decreases in lean body mass and bone density.
These changes in body composition are accompanied
by diminished strength and VO,,,. (fitness) and are
caused in part by muscle loss (sarcopenia). Negative
calcium balance and loss of bone mineral leading to
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Figure 1 Effects of age on serum T (A), free T index (B) in men in the Baltimore Study on Aging (BLSA). Individual data points from the
earliest available (usually first) visits during 1963-94 are shown as filled circles and the additional set of 120 serum samples from later
visits (1995-98) are plotted as filled triangles. Total T concentrations and free T index values decreased linearly with increasing age.
Reproduced from Harman SM, Metter EJ, Tobin JD, et al. (2001) Longitudinal effects of aging on serum total and free testosterone
levels in healthy men. Baltimore Longitudinal Study of Aging. Journal of Clinical Endocrinology and Metabolism 86(2): 724-731.

osteoporosis is a problem for men as well as women.
Although osteoporotic fractures are about one-third
as frequent at any age in men as in women, hip
fractures are more likely to be fatal in men. In ad-
dition, total and central abdominal fat increases with
age. Changes in fat volume and distribution impair
insulin sensitivity so that aging leads to higher fasting
and postprandial blood sugar and increases the risk
of type 2 diabetes. Deleterious alterations in LDL
and HDL cholesterol and triglycerides also occur,
producing greater risk of cardiovascular disease.
Finally, normal aging is associated with reductions
in total body protein synthesis, subtle impairments in
cognition with deficits in memory and concentration,
loss of libido, diminished sexual activity, and greater
prevalence of erectile dysfunction.

Male hypogonadism resembles normal aging in
certain particulars. In non-elderly hypogonadal (T <
250-300ng/dl, depending on the laboratory) men,
there are also reductions in lean body mass and
muscle strength, increases in total and abdominal
fat and impaired glucose tolerance, lower levels of
sex drive and activity, and, in some studies, affective
and cognitive dysfunction, including depression.

The associations suggest that the aging phenotype
may be, in part, related to decreases in sex steroid
hormones. If this hypothesis is correct, then the
extent of the decreases in bioavailable T levels in
elderly men should parallel and predict losses of
lean body mass, bone density, muscle strength,
cognitive function, and sexual capacity, as well as
the increases in body fat and insulin resistance. Some
studies in older men have demonstrated significant

relationships between total or free T levels and lean
body mass or muscle strength. Positive correlations
have also been observed between bone mineral den-
sity and T levels, but these are weaker than those for
estradiol. T concentrations have also been reported
to be negatively correlated with body mass index
(BMI) and percent body fat as well as with increased
intra-abdominal fat and insulin resistance. Consis-
tent with the preceding, there appears to be an
overall greater risk of the metabolic syndrome (a
combination of central obesity, hypertension, and
insulin resistance) in older men with low T levels.
Sexual activity and libido have been reported to be
better in old men with higher T levels. Some studies
have suggested a correlation between T and erectile
function, but these data are weak. Finally, higher T
levels have been correlated with improved perform-
ance on particular cognitive axes in some studies but
not in others. Recently, it has been suggested that
elderly men with low T levels may be at greater risk
for Alzheimer’s disease.

Are There Benefits of T Treatment in
Older Men?

In studies of non-elderly hypogonadal men, T re-
placement has increased lean mass, muscle size, and
strength while diminishing central obesity and insu-
lin resistance. T may increase perfusion of brain
regions involved in cognition and improve cognitive
function in hypogonadal men. Results of investiga-
tions to determine whether T in physiological doses
would have similar beneficial effects in elderly men
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Figure 2 Longitudinal effects of aging on date-adjusted T (A)
and free T index (B). Linear segment plots for total T and free T
index vs. age are shown for men with T and SHBG values on at
least two visits. Each linear segment has a slope equal to the
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index in the ninth decade, segments show significant downward
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Harman SM, Metter EJ, Tobin JD, et al. (2001) Longitudinal ef-
fects of aging on serum total and free testosterone levels in
healthy men. Baltimore Longitudinal Study of Aging. Journal of
Clinical Endocrinology and Metabolism 86(2): 724—731.

with PADAM have been inconsistent, perhaps due in
part to the employment of varying androgen doses
and routes of administration, varying durations of
treatment, and differences in populations studied.
In 60- to 75-year-old men, graded doses of T
during suppression of pituitary LH secretion with a
GnRH analogue produced dose-related responses of
lean mass, muscle strength, and fat mass resembling
those observed in young men, suggesting that elderly
men may respond to androgens similarly to the way
younger men do. Table 1 presents results of several
studies of T treatment in older men. As shown, gains
in lean body mass have tended to exceed those in
muscle strength or VO;.«. Although treatment with

T has been reported to decrease body fat in men over
65 and abdominal fat mass in middle-aged men with
low to low-normal T levels, in one study 6 months
of relatively low-dose T injections given to old men
did not cause significant decreases in, or redistribu-
tion of, body fat.

Loss of bone mineral density (BMD) was not
significantly improved in men over age 60 given T
by scrotal patch with baseline low to low-normal T
levels. However, loss of BMD was significantly amel-
iorated in this same study in men whose T levels at
baseline were <200 ng/dl. Other studies of T effects
on bone in older men have found that T treatment
for 36 months prevented loss of BMD at the lumbar
spine (P<0.001) and at the hip (P<0.02), and that
diminished bone loss occurred in the femur, but not
in the lumbar spine.

Positive effects of T treatment on libido and of
dihydrotestosterone treatment on erectile function
have been reported in older men. In a study of cog-
nition, scores on the Digit Symbol and Trailmaking
B tests were slightly but not significantly better in
T-treated than in placebo-treated men. Androgen treat-
ment may improve cognitive and visual-spatial skills in
elderly men with mild to moderate Alzheimer’s dis-
ease. Finally, some evidence suggests that T may
moderate depression in older men with low T levels.

The question of T interaction with other hormones
was addressed in a study in which T was given to
healthy men over 65 with low T and insulin-like
growth factor-1 (IGF-1) levels for 6 months, alone or
with human recombinant growth hormone (rhGH).
The T plus GH combination produced greater in-
creases in lean body mass and muscle strength and
decreases in body fat than were seen with T alone. It
may be the case that administration of T in older men
with low GH levels, another endocrine concomitant
of aging, may result in suboptimal responses.

What Are the Risks of T Treatment?

Potential benefits of T treatment in older men must
be weighed against risks of adverse effects. In young
hypogonadal men, physiological T replacement is
low risk. In older men, risk—benefit ratios may be less
advantageous. Minor adverse effects of T treatment
include fluid retention, erythrocytosis, and sleep
apnea, problems that may be more common in old
men. Of greater concern are possible increases in
atherosclerosis and greater risk of prostate cancer.
T treatment may lower HDL cholesterol and raise
LDL cholesterol. Evidence indicates that excessive
doses of anabolic steroids taken to build muscle mass
may lead to premature coronary vascular disease
(CVD). However, low T levels may also be associated
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Table 1 Changes in lean and fat body mass, bone mineral density, muscle strength, and oxygen capacity (VOzmax) in old men treated

with testosterone in five studies

Source Study design Measure Change in Change in T P value
placebo group group

Lean body mass (kg) 0.2+1.5 1.94+2.0 <0.001

Body fat mass (kg) —0.7+31 —3.0+£8.7 <0.001

Snyder et al., 1999 (65) 96 men >60 years old Knee ext. strength 60° —12.8+17.6 —12.0+13.5 NS
using placebo or T (ft Ib)
patch for 36 months Knee flex strength 60° —-4.9+12.3 -5.9+11.0 NS

(ft Ib)
15 Stairs — time (s) 0.1+2.0 0.6+2.0 NS

Snyder et al., 1999 (71) BMD L2-4 (%) 2.54+0.6 42408 NS

BMD femoral neck -0.7+0.7 0.8+0.6 NS
(g/cm?)

Amory et al., 2004 (72) 70 men >65 years old BMD lumbar spine (%) 1.3+1.4 10.2+1.4 <0.001
given T enanthate with BMD femoral neck -0.2+0.7 2.7+0.7 <0.02
or without finasteride
or placebo for 36
months

Blackman et al., 2002 36 men >65 years old Lean body mass (kg) 0.0+1.5 1.6+1.1 <0.0001

(66) given T enanthate Body fat mass (kg) 0.1+1.2 -0.9+41.7 <0.05
100 mg or placebo Upper body strength 6.9+5.3 8.7+5.0 NS
every 2 weeks for Lower body strength 3.2+1.9 1.1+2.3 NS
6 months VOomax (MI/kg) —-1.3+14 —-0.2+0.8 NS

Kenny et al., 2001 (73) 67 men >65 years old BMD femoral neck —0.015+0.01 —0.003+0.01 0.015
given two 2.5mg T (g/cm?)
patches or placebo BMD lumbar spine 0.015+0.16 0.008+0.19 NS
for 12 months (g/cm?)

Percent body fat (kg) —1.7+0.6 —0.3+0.5 0.08
Lean mass (kg) 1.0+0.5 0.2+0.6 0.11
Strength (Newtons) 240+ 171+ NS

Singh et al., 2004 (70) 24 men age 60-75 Fat free mass (kg) 25mg group 300mg group
treated with 25mg or Body fat mass (kg) —0.3+0.5 5.6+0.5 0.05
300mg doses of T Leg press strength (kg) 0.1+0.5 —-2240.5 0.05
enanthate while 0.8+6.7 51.7+4.7 0.05

suppressed with
GnRH agonist

Reproduced from Harman SM (2005) Testosterone in older men after the Institute of Medicine Report: where do we go from here?

Climacteric 8(2): 124—135.

with greater CVD risk. For example, in a study
by Muller et al., free T levels in elderly men were
directly related to rate of progression of common
carotid artery intimal medial thickness, independent
of cardiovascular risk factors. As noted previously,
low T levels have also been associated with increased
abdominal fat and insulin resistance and the meta-
bolic syndrome. Finally, transdermal or injected T
in men with low T levels may improve lipid pattern,
reduce abdominal fat, decrease insulin resistance,
lower triglycerides, and lead to more beneficial car-
diac risk profile overall. Nonetheless, the net influ-
ence of exogenous T on atherosclerosis progression
or incidence of CVD remains unknown.

The most worrisome issues with regard to T in
older men are potential adverse effects on prostate
cancer risk and benign prostatic hyperplasia (BPH).
In a study in which elderly men were treated with T
for 3 years, one treated group took T alone and the

other T plus finasteride (F), a Sa-reductase inhibitor,
given to block DHT production. PSA increased signi-
ficantly in the T group, and prostate volume changes
were smaller in the T plus F group. Effects of T
on bone and muscle were similar in men treated with
Tor T plus E

Novel pharmaceuticals called selective androgen
receptor modulators (SARMs), which function as
partial androgenic agonist/antagonists in prostate
and seminal vesicle but full anabolic agonists in mus-
cle and bone, may improve male anabolism but avoid
potential effects on prostate disease. With regard to
this putative risk, it is of note that most observational
studies have failed to detect a significant association
of endogenous T levels and prostate cancer incidence.
Enlargement of the prostate and small increases in
serum PSA have been observed in older men given
exogenous T, without notable worsening of urinary
tract symptoms or increased frequency of prostate
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cancer. However, in the absence of a large randomi-
zed trial of prostate effects of T, this question will
remain a serious consideration.

Summary and Conclusions

T, and to a greater extent bioavailable and free T,
decrease with age in otherwise healthy men, reaching
hypogonadal levels in a substantial fraction
(PADAM). T replacement at physiological doses in
men with PADAM may have potential for reducing
loss of muscle and improving strength as well as
diminishing body fat and benefiting glucose toler-
ance. T may even help protect against cardiovascular
disease and preserve cognitive function. However,
the population most likely to benefit from such treat-
ment is undefined. Moreover, there is insufficient re-
liable information as to potential adverse effects of T
replacement in older men. Despite the absence of
definitive information on risk—benefit ratios, large
numbers of middle-aged and older men are using
exogenous T to treat or prevent effects of normal
aging. The number of prescriptions for T has in-
creased in the last decade from hundreds of thou-
sands into the millions annually, in part fueled by
the availability of non-injectible products such as
skin patches, dermal gels, and buccal and sublingual
systems. Only new trials of sufficient size and dura-
tion to determine with confidence the magnitude
of benefits and incidences of adverse outcomes can
provide the data needed for physicians to confidently
advise men with regard to the use of male hormone
replacement.

See also: Dementia: Alzheimer’s; Menopause; Prostate.
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Glossary

Agoraphobia — Disorder characterized by an irra-
tional fear of leaving the familiar setting of home
or venturing out into the open.

Anxiety — Excessive or irrational fear associated with
a real or anticipated stimulus.

Generalized Anxiety Disorder (GAD) - Disorder
characterized by worry that is excessive and diffi-
cult to control and that lasts for 6 months or more.

Panic Disorder — Disorder characterized by recur-
rent, unexpected panic attacks and consequent
fear of having another attack.

Introduction

Anxiety is characterized by excessive or irrational
fear associated with a real or anticipated stimulus.
Anxiety is often accompanied by phobic avoidance
and a constellation of somatic symptoms. Phobic
avoidance may be seen as an adaptive mechanism
that enables the individual to minimize exposure to
situations that may be anxiety provoking. But such
avoidance can become maladaptive when it leads
to significant behavioral changes, including social
isolation and agoraphobia. Common somatic mani-
festations of anxiety include cardiovascular (palpita-
tions, non-cardiac chest pain), respiratory (dyspnea),
neurological (dizziness, headache, tremulousness),
laryngeal (lump in the throat), and gastrointes-
tinal (diarrhea, abdominal cramps) symptoms. The
somatic complaints are often the impetus for the
individual to seek treatment, usually with a primary
care provider, and can result in extensive medical
workups that fail to find an underlying medical
etiology for the symptom.

Clinically significant symptoms of anxiety are com-
mon in the elderly. Such symptoms may represent
the physiological consequences of a treatable medical
illness, the result of psychiatric illness, and/or an
exaggerated or normal response to life events. Anxi-
ety disorders are often chronic conditions, persisting
in various forms across the life span, and in the eld-
erly they exist in a number of clinical presentations.
For example, anxiety may be chronic and relapsing,
as with a manifestation of a lifelong disturbance or

condition. Alternatively, anxiety may present in the
short term, in response to an acute stressor. Anxiety is
also frequently associated with other chronic prob-
lems in the elderly, such as cognitive decline and
impairment, medical problems in self and/or spouse,
and depression.

This article briefly reviews the epidemiology, etio-
logy, and differential diagnosis of anxiety in the eld-
erly and discusses treatment and management issues
in this population.

Epidemiology of Anxiety in Later Life

At least one in five people over age 65 suffers from
a mental disorder, and it is anticipated that by 2030,
the number of elderly with psychiatric disorders will
equal or exceed the number of those in younger
age groups with these disorders. Of psychiatric ill-
nesses in older adults, anxiety disorders are among
the most common, with clinically significant symp-
toms affecting approximately 10-20% of individuals
over 55 years of age. Much of what we know about
the epidemiology of anxiety disorders in older popu-
lations is extrapolated from findings in younger adult
populations. However, the prevalence of these disor-
ders does not appear to be consistent across the life
span, as noted later. A listing of the various anxiety
disorders as recognized in the 4th edition of the
Diagnostic and Statistical Manual for Mental Dis-
orders (DSM-IV) is presented in Table 1. It is
important to note that the majority of older adults
with anxiety, however, will fail to meet criteria for a
specific disorder, due in part to insufficient symptom
intensity and frequency, but also due to limitations in
current diagnostic classification systems in capturing
the quality of anxiety in the elderly, often character-
ized by anxious mood, tension, and diffuse somatic
complaints. Nevertheless, the anxiety can be moder-
ately disabling and deserving of clinical attention.
As with depression, anxiety can cause significant
impairment in functioning and quality of life in the
elderly. It has been shown that older adults (over 75)
taking medication for anxiety, depression, or insom-
nia report significantly worse physical functioning
and mental health and greater pain and role limita-
tions due to physical impairment when compared to
peers who were not taking psychotropic medications.

Generalized Anxiety Disorder (GAD)

Generalized anxiety disorder (GAD) is considered by
many clinicians to be the most common anxiety dis-
order in the elderly, in whom it is more prevalent
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Table 1 Anxiety disorders and their core symptom profiles

Disorder Core anxiety symptoms

Generalized anxiety disorder
(GAD)
Panic disorder

Worry, anxiety, tension

Recurrent, unexpected panic
attacks; may be
accompanied by
agoraphobia

Avoidance of situations due to
fear of inability to escape

Obsessive thoughts;
compulsive behaviors;
marked anxiety may
develop if behaviors are
interrupted

Following a traumatic event
that is associated with
intense fear, horror, or
helplessness; intrusive
recollections and re-
experiencing symptoms;
avoidance and numbing;
hyperarousal

Fear and avoidance of a
variety of social
encounters; often
accompanied by autonomic
arousal

Fear and avoidance of
specific objects/situations

Agoraphobia without panic
disorder

Obsessive-compulsive
disorder (OCD)

Post-traumatic stress disorder
(PTSD)

Social phobia®

Specific phobia

@Also known as social anxiety disorder.

than in younger adult populations. GAD is charac-
terized by worry that is excessive and difficult to
control and that lasts for 6 months or more. The
worry does not focus on any specific topic and
is accompanied by a variety of somatic complaints,
such as fatigue and muscle tension. GAD is frequen-
tly comorbid with major depression, a presentation
that portends a more chronic course, takes longer to
respond to antidepressant medication, and is less
likely to remit.

Agoraphobia

Another disorder that is more common in the elderly
than in younger adults is agoraphobia, a condition
characterized by an irrational fear of leaving the
familiar setting of home or venturing out into the
open. While commonly associated with panic attacks
in younger age groups, this is not necessarily the
case in the elderly, in whom agoraphobia often
develops following a traumatic event. Agoraphobia
can be most disabling to older adults, especially if
they live alone. Elders literally feel trapped in their
homes and therefore do not attend to necessary daily
activities, including appointments with health-care
professionals.

Panic Disorder

Panic disorder is a condition characterized by recur-
rent, unexpected panic attacks and consequent fear
of having another attack, a fear that ultimately leads
to significant distress and behavioral changes. Panic
disorder is a condition that typically presents in
the late teens to mid-30s, but rarely begins in old
age. While qualitatively similar to panic attacks in
younger adults, panic attacks in the elderly tend to be
less frequent, with less intense symptoms, and are
associated with fewer avoidance behaviors. Panic
attacks that begin in late life should prompt careful
assessment for depression, an underlying medical ill-
ness, or medications that may be contributing to the
symptoms.

Obsessive-Compulsive Disorder (OCD)

Obsessive-compulsive disorder (OCD) with late life
onset is uncommon. The development of obsessive
thoughts and/or compulsive behaviors in this popu-
lation should prompt assessment for other psychiatric
disorders such as delirium or psychotic depression. In
addition, the clinician should review with the patient
and family a lifelong pattern of such behaviors that
perhaps increased in frequency and/or severity at the
time of evaluation.

Social Phobia

Social phobia, or social anxiety disorder, is the most
common anxiety disorder, typically with onset in
adolescence. While little is known about the epide-
miology of this condition in the elderly, community
studies have shown a slight increase in the prevalence
of social anxiety disorder in the 50-60 age group.
This group may represent individuals who had life-
long underlying social anxiety that was previously
manageable and that did not manifest as a disorder
until later in life, at a time when exposed to social
situations that were no longer avoidable, e.g., having
to enter the work force for the first time following
divorce or the loss of a spouse.

Post-traumatic Stress Disorder (PTSD)

The epidemiology of post-traumatic stress disorder
(PTSD) in the elderly is not well characterized. Much
of what we know about PTSD in this population is
derived from retrospective studies of survivors 40-50
years after mass trauma, primarily interpersonal
trauma (e.g., Holocaust survivors, World War II
combat veterans). Relatively low rates of PTSD have
been observed in these populations, and possible ex-
planations for this finding are as follows: individuals
with more severe PTSD symptoms (particularly avoi-
dance) may not have participated in the studies;
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PTSD may be associated with greater morbidity and
mortality over decades and many with the disorder
may have died in the intervening years; and the
salutogenic effects of trauma contribute to lower
prevalence rates, with psychological development
favoring personal growth and wisdom. However, it is
important to recognize that some symptoms, such as
insomnia and nightmares, may persist for decades
and that stressors of aging do not necessarily exa-
cerbate PTSD. Further, post-traumatic psychological
sequelae may complicate or worsen physical illness
and health-related functioning. To this end, it
has been suggested that PTSD symptoms may tax
the body’s protective and self-regulatory systems,
thereby exacerbating illness while also reducing the
individual’s capacity to recover and function fully
in life.

Anxiety Secondary to Changes in Physical Health

Anxiety can also present in the setting of failing
physical health later in life. For example, fecal or
urinary incontinence can be associated with shame
and embarrassment, which may present as anxiety
and social isolation. In an individual who develops a
terminal illness, his or her concerns need to be con-
sidered in the context of possible retirement, loss of
(or leaving) spouse, other medical disabilities, and
other losses. Auditory sensory loss may lead to com-
munication breakdown, which can be compounded
by personal, situational, and environmental triggers.
Older adults who are unstable on their feet may
be especially anxious when required to walk in a
crowded area, such as a mall or a busy medical clinic.

Etiologic Factors in Anxiety in the Elderly

The etiology of anxiety disorders is considered to
be multifactorial, with significant contributions from
both genetic and environmental influences. In the
elderly, however, heritable factors have a lower im-
pact, and greater emphasis is placed on the role of the
biochemical alterations that occur with aging and
illness and with neurodegenerative changes. The role
of medications should also be considered, as medi-
cation side effects or as drug interactions in the set-
ting of polypharmacy. For example, an older adult
may be treated with a synthetic thyroid preparation
and experience heightened anxiety secondary to a
pharmacologically induced hyperthyroidism.
Psychological and social factors also play a prom-
inent role in development of anxiety in this popula-
tion. For example, aging adults may become anxious
in stressful situations that they may have handled
without difficulty when younger, such as driving in

heavy traffic, or in social situations when subjected
to criticism or embarrassment. Older adults may
develop anxiety when in unfamiliar situations (an
experience that may be made worse by mild memory
impairment), such as when awakening in a strange
environment when traveling. They may have realistic
safety concerns that become exaggerated, causing
subsequent changes in behavior, including limitations
in social interactions. It is also important to consider
issues associated with life transitions, such as loss
(of family, spouse, peers/supports, health), financial
stressors, and moving or downsizing.

From a psychoanalytic perspective, helplessness
secondary to the following events may serve as a
precipitant for anxiety: loss of partner or other sup-
ports, medical infirmity, sensory loss, and loss of
mastery or control.

Issues in Proper Diagnosis

Despite the high prevalence of anxiety in the elderly,
these disorders have not achieved the level of promi-
nence of other disorders in geriatric psychiatry, such
as Alzheimer’s disease and major depression, and
thereby remain underrecognized and undertreated.
In addition, elderly individuals with anxiety often
present to medical attention with comorbid depres-
sion as the primary focus for referral and treatment.
Most anxiety disorders begin earlier in life, recurring
over decades, and if an individual has not sought
treatment for the condition previously, it is less likely
that he or she will enter the mental health system
at this stage. In addition, due to life circumstances, it
may be easier for the elderly to conceal their anxiety
by avoiding anxiety-provoking situations, such as
those that could arise in work, school, or other social
settings. Anxiety is underrecognized not only by
geriatric health-care providers, but also by elderly
patients, who tend to have greater difficulty identi-
fying symptoms of anxiety. Thus, proper recogni-
tion of anxiety disorders is further complicated by
the unique presentation of anxiety in the elderly, as
well as by inadequate instruments for assessment and
diagnosis and confounding effects of psychiatric and
medical comorbidity in this population.

The differential diagnosis for anxiety in the elderly
is broad, as presented in Table 2. Anxiety may
present as a primary anxiety disorder or as a symp-
tom secondary to another mental disorder, a physical
illness, or a medication side effect or drug interaction.

Anxiety Secondary to Another Mental Disorder

Anxiety is a symptom commonly seen with dementia,
major depression, and hypomania. For example, 60%
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Table 2 Differential diagnosis of anxiety disorders in the elderly

Primary anxiety disorders Generalized anxiety disorder
Obsessive-compulsive disorder
Panic disorder

Agoraphobia

Post-traumatic stress disorder
Social anxiety disorder

Specific phobia

Anxiety secondary to
another mental disorder

Dementia, with agitation

Major depression, with agitation

Bipolar disorder, hypomania

Alcohol abuse or dependence,
with intoxication or withdrawal

Anxiety secondary to a
medial condition

Hypoxia or ischemia
Cardiac arrhythmias
Congestive heart failure
Pheochromocytoma
Hyper/hypothyroidism
Hypoglycemia

B12 deficiency
Alcohol withdrawal
Parkinson’s disease
Primary sleep disorder
Delirium of any cause

Amfetamines

Anticholinergics

Antidepressants/SSRils (initiating;
discontinuation)

Antipsychotics

B-agonists

Benzodiazepine withdrawal

Caffeine-containing products

Herbal supplements: ginseng,
ephedra, mahuang, guarana

Sympathomimetics (including
over-the-counter cold remedies
containing pseudoephedrine)

Thyroid medications

Vasopressors

Anxiety secondary to
medications

of patients with dementia at some point experience
agitation that may be difficult to distinguish from
anxiety or that may co-exist with anxiety, poten-
tially important distinctions when considering treat-
ment options. Factors to consider in distinguishing
between anxiety and agitation include onset (acute
vs. chronic), acuity, course, cognitive status, and un-
derlying medical morbidity. In contrast to anxiety,
agitated patients may also exhibit loss of impulse
control that can result in disruptive and inappropri-
ate behavior.

As noted earlier, anxiety with comorbid depres-
sion is the most common presentation of anxiety in
the elderly. This presentation tends to be associated
with a more severe depressive illness, more suicid-
ality, and poorer treatment outcome, with delayed or

diminished response and greater likelihood of treat-
ment non-adherence and dropout. The treatment
team plays an important role in optimizing treatment
outcome in this situation, as the quality of clinical
management has been found to have the greatest
impact on the likelihood of remission in elderly with
anxious depression.

Problem drinking is also important to consider
in the differential diagnosis for anxiety in the elderly.
As many as one-third of older adults with alcohol
use problems develop the problem after age 60, and
this misuse of alcohol may serve as a form of self-
medication for their anxiety. It has been suggested
that alcohol abuse in the elderly is substantially
underdiagnosed, in part because the effects of alco-
hol use in this population may be less visible than in
younger age groups and the elderly may be less likely
to seek treatment. Underrecognition has significant
clinical implications in the elderly due to the risks
associated with alcohol abuse and relapse, both of
which may occur in the setting of anxiety, interper-
sonal conflict, loss, social isolation, loneliness, and
depression.

Anxiety Secondary to a Medical Condition

Anxiety is a common manifestation of a wide variety
of physical illnesses, as noted in Table 2. With changes
in multiple organ systems with aging, older adults
are more likely to experience one or more of these
conditions over time, placing them at increased risk
for experiencing anxiety symptoms. Acute onset of
anxiety in the elderly needs to be carefully assessed to
determine whether an underlying treatable medical
condition is present.

Anxiety Secondary to Medications

Another important consideration is concomitant
medication use, including prescription drugs, over-
the-counter medications, herbs and dietary supple-
ments, and, less commonly, illicit drugs. Commonly
used drugs and supplements that may be associated
with symptoms of anxiety are noted in Table 2. It is
important to remember that older adults tend to
be more sensitive to both the therapeutic and toxic
effects of pharmacological agents. In addition, many
individuals in this age group are taking multiple
medications, and the risk of drug interactions in-
creases exponentially with polypharmacy. Treatment
non-adherence should also be considered; medication
misuse may be due to cognitive impairment, lack
of understanding of dosing instructions, or inten-
tional non-adherence. Last, the elderly are among
the largest consumers of herbs and supplements, and
they may be reluctant to disclose this use to their
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doctors or not consider them of importance un-
less asked specifically about them. Many of these
products are pharmacologically active (such as
ginseng), and health-care providers need to be aware
of patients’ use of these agents when prescribing
medications.

Treatment of Anxiety in the Elderly

Empirically validated knowledge about appropriate
interventions for anxiety in the elderly is sparse. In-
ferences from data in younger adults typically form
the basis for clinical practice in the elderly.

Management of anxiety disorders includes both
non-pharmacological and pharmacological treat-
ment. Selection of treatment should include assess-
ment of individual risks and benefits, considering
medical and psychiatric comorbidity, patient prefer-
ence, cost, and availability of resources (e.g., trained
therapists). A number of cognitive and behavioral
therapies have been shown to be effective in treating
anxiety disorders, such as cognitive-behavioral ther-
apy (CBT), exposure therapy for specific phobias
and compulsive behaviors, and even psychodynamic
therapies (though the empirical evidence is sparse
for these therapies). If medications must be avoided,
then these approaches become the only viable thera-
pies and should be made available to older adults. In
general, when the logistics can be worked out, older
adults are both willing to participate in these thera-
pies and cooperative. In addition, anxiety symptoms
can also improve with regular exercise, with gains
comparable to what is observed with relaxation
and meditation. Acute anxiety tends to respond bet-
ter to exercise than chronic anxiety. However, any
recommendations for exercise should be made in the
context of the patient’s physical health.

Pharmacological therapy must be prescribed with
caution. The clinician must monitor for drug inter-
actions and adverse side effects. For most medica-
tions, the side effects are more common in late life.
Therefore, the clinician must begin therapy with a
low dose and monitor the drugs carefully. Anxious
patients often misattribute somatic symptoms of
anxiety to medication side effects, which can impact
on treatment adherence. If the older adult tolerates
the medication yet does not respond, then the dose
can gradually be increased. Clinicians can greatly
augment the monitoring of these medications by
maintaining phone contact with the patient or family
members. Frequently a 5-min phone call can prevent
an ongoing side effect from leading to more serious
adverse outcomes (such as a fall) as well as prevent
an office visit and enhance treatment adherence.

Antidepressants

Antidepressants are considered the first-line pharma-
cotherapy for anxiety disorders, with the advantage
of treating symptoms of both anxiety and comorbid
depression. Among the antidepressants, the seroton-
ergic drugs (selective serotonin reuptake inhibitors
[SSRIs] and serotonin norepinephrine reuptake inhi-
bitors [SNRIs]) are widely considered the first choice.
While very limited empiric data are available regar-
ding their effect on anxiety in older adults, these
drugs have demonstrated generally good tolerability
in geriatric depression. Notably, some concern has
been raised regarding possible cardiovascular side
effects with the SNRIs in light of reports of possible
impaired heart rate variability with these drugs.

Both the SSRI and SNRI drugs can be anxiogenic,
particularly when initiating treatment, and it is im-
portant to discuss this possibility with the patient,
along with the goal of minimizing these effects
by starting at a low dose and titrating accordingly.
The clinician also needs to be mindful that these
medications can be associated with discontinuation
symptoms when stopped abruptly. While not life
threatening, these symptoms may be anxiety provok-
ing for some individuals, especially those predisposed
to anxiety, and it is important to have a dialogue
with the patient about the importance of treatment
adherence. Should the time come to discontinue the
drug, this can be done safely by tapering the medi-
cation over several weeks under medical supervision.

While the older classes of antidepressants have
demonstrated efficacy in depression and anxiety,
their multiple side effects and medication and dietary
interactions have relegated them to second- or third-
line use in the elderly. For example, the tricyclic
antidepressants, while effective, can be associated
with significant toxicity, particularly anticholinergic,
cardiovascular, and histaminergic effects, which may
be particularly troublesome for older adults. The
monoamine oxidase inhibitors are also associated
with poor tolerability as well as significant medica-
tion interactions and dietary restrictions that limit
their use.

Benzodiazepines

The benzodiazepines constitute the most widely used
symptomatic treatment of anxiety and insomnia in
adults and are disproportionately prescribed in the
elderly. Among the groups most likely to use these
drugs on a continuous basis are elderly with comor-
bid medical and psychiatric problems, elderly taking
multiple medications, and elderly women, groups
that may also be more likely to experience adverse
effects with treatment. In the short term, these drugs
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cause cognitive and psychomotor impairment,
placing users at greater risk for falls and other ac-
cidents. Longer-term use can be associated with
physiological dependence and withdrawal.

Given these considerations, these drugs in the eld-
erly are recommended primarily for short-term use.
However, it should be noted that some older adults
may benefit from extended, continuous use of
benzodiazepines in a safe and carefully monitored
setting. Further research is needed to identify indivi-
duals who will benefit from intermittent vs. continu-
ous treatment, while minimizing risk of toxicity.

Buspirone

The SHT partial 1A agonist buspirone is an anxioly-
tic drug that has demonstrated efficacy in adults with
GAD and may be of particular utility in the elderly.
The drug is generally better tolerated than the benzo-
diazepines, without sedation or psychomotor impair-
ment, dependence, or withdrawal, and it does not
potentiate the effects of alcohol. The primary dis-
advantages of the drug are a delayed onset of action,
over several weeks, and the need for dosing several
times a day.

Antipsychotics

Antipsychotics are most widely used to treat agita-
tion and psychosis in the elderly, with almost no
empiric data to support their use in geriatric anxiety.
Of the first-generation antipsychotics, haloperidol is
the most widely prescribed, with fairly good tolera-
bility in low doses, though at higher doses concerns
are raised about possible extrapyramidal, cardio-
vascular, and anticholinergic effects. While initially
favored for treating agitation in dementia with delu-
sional ideation, the atypical antipsychotics have also
drawn attention regarding possible increased mor-
tality rates in the elderly. In general, experts do
not recommend the use of atypical antipsychotics in
older adults with GAD or panic disorder.

Other Drugs

Several other medications have demonstrated
anxiolytic effects in older adults. For example, pro-
pranolol may be helpful in reducing autonomic
symptoms associated with anxiety (i.e., tachycardia,
palpitations, trembling) but does not help with

psychic anxiety and worry and should be avoided
in those with asthma and a propensity to hypoten-
sion. Antihistamines (e.g., diphenhydramine, hydro-
xyzine) may also be helpful for intermittent or more
extended use, but patients need to be monitored for
sedation and mucosal anhydrosis.

Summary

Given these considerations, we note the following
needs for the future to facilitate the proper diagnosis
and treatment of anxiety in the elderly:

® Conclusions drawn based on data from younger
populations of adults may not hold true for the
elderly. Studies of the phenomenology and treat-
ment of geriatric anxiety are needed.

® Traditional diagnostic and treatment approaches
may not be suitable for the elderly; a multidis-
ciplinary perspective may be more appropriate.
A comprehensive assessment of anxiety symptoms
requires consideration of physical, intellectual,
emotional, environmental, and social determinants.

® The anticipated growth of the population of older
persons with mental disorders underscores the
need for a strategy to facilitate systematic and ef-
fective implementation of evidence-based prac-
tices in geriatric mental health care.

See also: Depression; Disability, Functional Status and
Activities of Daily Living; Mental Health; Pharmacology;
Psychological Well-Being.
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Glossary

Arthritis — A general term encompassing over 100
types of diseases that involve joint pain and
inflammation.

Cyclooxygenase-2 Inhibitors (Coxibs) — New class of
medications with action similar to non-steroidal
anti-inflammatory drugs (NSAIDs) but with fewer
gastrointestinal side effects.

Musculoskeletal — System of the body comprising the
bones, cartilage, ligaments, tendons, and joints.

Non-steroidal Anti-inflammatory Drugs (NSAIDs) —
Non-narcotic and non-steroidal drugs used to treat
pain and suppress inflammation in a variety of
conditions.

Introduction

Arthritis is a major cause of morbidity and disability,
particularly in older individuals. Strictly speaking,
the term arthritis means inflammation of the joints.
However, the terms arthritis and rheumatism are
often used interchangeably to encompass disorders of
the joints, ligaments, tendons, and other components
of the musculoskeletal system. Arthritis and rheu-
matism comprise more than 100 different conditions,
amounting to more than half of the conditions in-
cluded in the larger classification of musculoskeletal
disorders (MSDs). Other conditions in the larger
family of MSDs are back disorders not associated
with arthritis and metabolic bone disorders such as
osteoporosis. These are not covered in this article.

Background

The symptoms and signs of arthritis and related con-
ditions include pain, stiffness, swelling, muscle weak-
ness, and limitation of movement of the joints. These
are some of the most common health complaints
among older people. Together these symptoms and
signs greatly affect the population in terms of mor-
bidity, disability, and cost. Traditionally, the burden
of arthritis in the population has been underesti-
mated. With the aging population, however, the im-
pact of arthritis is becoming increasingly apparent.

Arthritis is one of the leading causes of pain, physi-
cal disability, and health-care utilization in Canada.
According to the 2000 Canadian Community Health
Survey (CCHS), rheumatic conditions affect almost
4 million Canadians over the age of 15, with nearly
40% of these over the age of 65. By the year 2026,
over 6 million Canadian adults are expected to suffer
from arthritis and related conditions. In the United
States, it have been estimated that 27% of the popu-
lation have physician-diagnosed arthritis.

The frequency of arthritis increases with age. How-
ever, older people may often fail to seek care for
symptoms because these conditions are considered by
many to be a normal part of aging. Complaints per-
taining to arthritis are often vague and ill defined,
and may be associated with insidious decline in over-
all function. Pain is the most common symptom in
rheumatic disease patients consulting a physician,
and this may be misinterpreted due to the presence of
other conditions, including depression.

Diagnosis and management of arthritis can be
particularly challenging in the elderly. Musculoskele-
tal symptoms can also be caused by other conditions,
and multiple conditions in the same patient may
complicate both diagnosis and management. Unfor-
tunately, there is no one simple diagnostic test to
confirm a diagnosis of arthritis. Often a combination
of radiological and laboratory testing is required in
addition to clinical assessment. In addition, the pre-
valence of many autoantibodies (such as rheumatoid
factor) and inflammatory markers (e.g., erythrocyte
sedimentation rate [ESR]) increases in the elderly,
leading to difficulty with interpretation of test re-
sults. Management of arthritis in the elderly also has
unique challenges. Issues such as use of multiple
medications, comorbid conditions, and altered phar-
macokinetics must be considered when determining
treatment. Clinical trials for new therapeutics have
largely excluded older patients and those with multi-
ple medical problems, leading to further difficulty for
management of arthritis in the elderly.

It is not possible to review all of the different types
of arthritis and related conditions here. In this article,
we describe the clinical characteristics, epidemiology,
and management of selected types of arthritis, in-
dicating, whenever possible, any special considera-
tions that might apply to the older population. A
comparison of the major clinical findings of five
common types of arthritis in the elderly is provided
in Table 1. The article concludes with a discussion of
the overall impact of arthritis in seniors and general
management strategies to reduce the impact of ar-
thritis in the elderly population.
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Table 1 Clinical aspects of common rheumatologic disorders in the elderly®

Disorder Osteoarthritis Rheumatoid arthritis Polymyalgia rheumatica Gout Pseudogout
Gradual onset + -+ + + + + ++ + 0 +

Joint swelling or effusion + 4+ + + 4+ + + + NI NI
Joint pain ++++ +4+++ + ++++ ++++
Symmetrical involvement + + 4+ + + 4+ + + + +
Muscle pain + + + + + + +
Radiographic abnormalities + 4+ + + + + + 0 + + 4+ +
Synovial fluid crystals + + 0 + 4+ o
Elevated sedimentation rate + + + + + 4+ + + + +
Anemia 0 ++ +++ 0 0
Positive antinuclear antibody 0 + + 0 0
Positive rheumatoid factor 0 + + + + 0 0

80, does not occur; +, occurs occasionally; + 4, occurs frequently; 4 + -+, almost always occurs; + + + +, difficult to make

diagnosis without it.

Adapted from Table 8-5 in Kane RL, Ouslander JG, and Abrass IT (1983) Essentials of Clinical Geriatrics. McGraw-Hill Book Company.

Types of Arthritis in the Elderly
Osteoarthritis

Clinical Features In addition to being the most
common type of arthritis in humans, osteoarthritis
(OA) is also a major health problem in dogs, horses,
and many other animals. Skeletal remains going back
to prehistory show signs of osteoarthritis. Despite its
high prevalence in the population and its importance
as a cause of pain and disability, OA is less well un-
derstood than many of the other rheumatic disorders.
Traditionally, OA has been thought of as a disease
related to aging, with ‘wear and tear’ of the joint
leading to loss of joint space and remodeling of bone.
New insight into the disease suggests that it is a
heterogeneous disease with multiple factors such as
crystal deposits in the joints and inflammation con-
tributing to disease progression. OA can occur with-
out any obvious predispositions, or it can result from
a previous injury or disease of a joint that may have
occurred many years earlier.

The most common symptom of OA is pain, most
often related to joint use. Pain can also occur at rest
and at night. Stiffening or ‘gelling’ of joints in the
morning or after prolonged periods of inactivity is
common in OA, and often resolves within minutes
of resuming activity. The stiffness associated with
other types of arthritis such as rheumatoid arthritis
is different and can often last for hours. Although
OA is not primarily inflammatory, OA can result
in swelling and warmth of the affected joint. In OA,
range of motion of the joints is often restricted, with
pain and limitation of movement at the end of range.
Over time, this may result in atrophy of the muscle
surrounding the joint, bony deformities, and disabi-
lity. OA may affect one or many joints of the body,
most typically the knees, hips, hands, big toes, and
the spine. The joints most commonly involved in

Figure 1 Black shading indicates those joints most often af-
fected in osteoarthritis. (From Figure 1, Cooke TDV and Dwosh IL
(1986) Clinical features of osteoarthritis in the elderly. Clinics in
Rheumatic Diseases 12(1): 155—-172.)

OA are shown in Figure 1. In all joint sites except
the hip, OA is more common in women than in
men. An important distinguishing feature of OA is
that shoulders, elbows, wrists, and ankles are seldom
affected, as they are in types of inflammatory arthri-
tis such as rheumatoid arthritis. OA is slow to
evolve, and often has periods of relative stability
lasting many years. Rapid progression can occur, and
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Osteophyte

Cartilage fibrillation
thinning cratering

Capsular fibrosis/

Bone sclerosis and
cyst formation

Figure 2 Pathological features of osteoarthritis. (From Figure 1,
Hutton CW (1995) Practical problems: osteoarthritis—clinical
features and management. In: Butler R, Jayson M, McKenna F,
and Scott D (eds.) Reports on Rheumatic Diseases. Chesterfield:
Arthritis and Rheumatism Council.)

spontaneous improvement is a rare but well-
described phenomenon.

The hallmark findings of OA on plain X-ray in-
clude joint space narrowing due to loss of articular
cartilage, remodeling and patchy thickening of bone
(sclerosis), areas of bone loss beneath the cartilage
(subchondral cysts), and formation of bony spurs
(osteophytes). Figure 2 illustrates the typical changes
that can occur with OA. Diagnosis of OA can be
difficult for a variety of reasons, one being that there
is no clear diagnostic marker. Although many bio-
markers have been investigated, their clinical use is
limited by variability in test results for individual
patients. While there is some agreement between
the clinical and radiographic findings in OA, there
is no consistent correlation between the two. Some
patients will have severe radiographic findings with
few clinical symptoms, while other patients display
severe clinical symptoms and minor radiographic
changes. Increased use of ultrasound and magnetic
resonance imaging (MRI) may help to improve the
correlation between radiographic and clinical tests in
the future.

Epidemiology and Risk Factors OA is the most
frequently occurring type of arthritis in the popula-
tion. Very little data exist measuring the incidence
of OA in the population, as there are problems in
defining the disease onset and a lack of longitudinal
data. Age seems to be one of the most important risk
factors for the disease, as incidence increases with
age. The prevalence of OA in the population over
65 years of age ranges from 33% with symptomatic

OA to more than 80% with radiographic OA. In the
United States, OA is the second highest cause of
work disability in men over the age of 50. It has been
found to disable 10% of people over the age of 60.

Risk factors for OA are those related to a genera-
lized susceptibility to the disease and to mechanical
factors resulting in abnormal biomechanical loading
of joints. Susceptibility to OA has been found to
be related to increased age, obesity, heredity, low
socioeconomic status, and female gender. There are
marked racial differences in prevalence and joint
distribution. Trauma to the joint, joint incongruence,
and occupational or leisure physical activities that
involve repetitive motion have been associated with
the development of OA. Osteoporosis, particularly in
the hip joint, has been shown to be protective against
osteoarthritis.

Management There are many challenges in the
treatment of elderly patients with OA. Patients and
family members often dismiss it as an inevitable part
of aging for which nothing can be done. Further-
more, patients and caregivers may believe that it is
best to be inactive to protect joints — a strategy that
can have detrimental consequences. Finally, comor-
bidities and use of multiple medications can lead to
difficulties with pharmacologic therapy.

The management of OA is largely symptomatic. Its
objectives include relief of pain and stiffness, mini-
mization of disability, maximization of function, and
reduction of progression. Treatment can be divided
into non-pharmacologic, pharmacologic, and surgi-
cal. Ideally, a hierarchical cumulative approach to
management of OA should be used, encompassing
both non-pharmacologic and pharmacologic treat-
ments. All patients should receive education, coun-
seling, and dietary advice if overweight. For those
with more severe OA, teaching about joint protec-
tion may be required along with assessment of level
of function and disability. Shoe alterations, braces,
and walking aids can help alleviate problems of
biomechanical origin, and assistive devices may im-
prove function. Weight loss, physical therapy for
muscle strengthening, and exercise are important
components of a treatment program for individuals
with hip and knee disease. There has recently been
increased interest in acupuncture as a treatment
modality for OA. Studies have found acupuncture
effective for reducing pain and improving function
for patients with knee OA.

Pharmacologic treatment includes analgesics, non-
steroidal anti-inflammatory drugs (NSAIDs), cyclo-
oxygenase-2 inhibitors (Coxibs), intra-articular
steroids, viscosupplementation (an injection to help
lubricate the joint), and nutraceutical products.
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Studies have demonstrated that for OA of the knee,
simple analgesics such as acetaminophen, codeine,
and low-dose salicylates can result in clinically im-
portant relief of symptoms. Analgesics may be an
excellent choice for individuals with multiple medi-
cations and mild symptoms. Local applications that
include NSAIDs have been developed. These and
other rubs have been shown to be beneficial in some
cases, without systemic toxicity. Oral NSAIDs re-
main the mainstay of treatment for OA. Their use
in the elderly population, however, has been brought
into question. Changes in the metabolism of older
people, particularly kidney and liver function, may
lead to potentially serious or even lethal side effects
when drugs are taken in full doses. Adverse events,
such as gastrointestinal bleeding, may be silent or
asymptomatic and may eventually lead to a major
medical emergency. As a general principle, it is rec-
ommended that elderly patients receive a reduced
dose. There has been debate in the literature as to
whether acetaminophen or NSAIDs should be the
first choice for treatment. This decision needs to be
made clinically, taking into consideration the severity
of symptoms and risk factors for the medications.
Alternatively, they can also be used in combination.
The more recently available Coxibs have potential
as safer therapy with decreased risk of serious gas-
trointestinal toxicity. However, these have been as-
sociated with cardiovascular and cerebrovascular
risk. It is important, therefore, to carefully weigh
the risks and benefits of treatment before initiation.
Intra-articular steroid injections may provide relief
of pain and swelling, especially if there is one pre-
dominantly symptomatic joint. These are only good
for temporary symptom relief, however, and should
not be given more than three times a year per joint.
Viscosupplementation with intra-articular hyaluro-
nic acid (HA) may be an option for patients who do
not respond to other treatments. There is some
evidence that HA may improve pain in patients with
knee OA.

The nutraceuticals glucosamine and chondroitin
have been found to be effective for the treatment of
OA. Chondroitin is a protein that helps give the joint
elasticity, while glucosamine sulfate is a type of sugar
that helps cartilage formation and repair. Studies
have shown that both of these substances may be
effective in symptom control at doses of 1500 mg
daily of glucosamine and 800mg daily of chon-
droitin. In general, patients should be encouraged
to try these substances at recommended doses for
3 months. At this point, if there is no improvement
in symptoms, then they will likely not be effective in
the future and should be discontinued. Patients
should also be encouraged to carefully read labels

when buying over-the-counter preparations, as there
is wide variety in the content of glucosamine and
chondroitin in different products.

In advanced cases, surgery may be indicated. In-
dications for surgery include uncontrolled pain,
particularly pain at rest and pain at night, and
limitations in performing activities of daily living.
Surgical techniques include realignment of joints
by osteotomy (the cutting and repositioning of parts
of the bone), chondrocyte grafting to resurface
damaged cartilage, and joint replacement surgery.
Total hip and total knee replacements are well-
established procedures and frequently result in dra-
matic relief of pain and improvement of function.
Joint replacement prostheses have a limited life
(around 20 years), but this is not a contraindication
in the older individual.

Gout

Gout is the most common kind of crystal-induced
arthritis. The types of crystal arthritis have in com-
mon the finding of microscopic crystals in the tis-
sues or synovial fluid of the joint. The crystals are
believed to play a role in the inflammatory process
of the disease.

Clinical Features Gout occurs when uric acid crys-
tallizes in the joints, causing intense inflammation.
The joint is typically hot, red, swollen, and extremely
painful. Attacks of gout are usually acute, self-
limited episodes of monoarthritis (arthritis in one
location) but may be polyarticular (affecting many
joints) and chronic. The initial attack usually occurs
after years of asymptomatic hyperuricemia (high
blood urate levels) and it only affects one joint in 85—
90% of patients. Attacks frequently affect the lower
extremities and last from a few days to 3 weeks. The
big toe is the most common site, but almost any joint
in the body can be affected. Patients are usually
asymptomatic between attacks. Over years, attacks
occur more frequently, last longer, may become
polyarticular, and may be associated with systemic
symptoms including fever. Chalky deposits called
tophi may occur under the skin, and chronic poly-
arthritis may develop. In the elderly, gouty arthritis
is more difficult to diagnose as it has a number of
features that are different than gout found in younger
patients. For example, in older patients, polyarticular
gout involving the small joints of the fingers is more
common, especially in women. Additionally, in the
elderly, tophi often occur earlier and in atypical
areas. Attacks of gout are commonly associated with
diuretic use and renal insufficiency. Gouty arthritis
can be misdiagnosed as OA and even RA, and this
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can be further complicated as occasionally gout and
OA coexist, even in the same joints.

Epidemiology and Risk Factors Gout is the most
common cause of inflammatory arthritis in men over
the age of 40, with a peak incidence in the fifth dec-
ade. The peak incidence for females occurs over the
age of 60. It is difficult to determine incidence and
prevalence rates of the disease, as the course of the
disease is characterized by exacerbations and remis-
sions, and there is also a tendency for misdiagnosis
by both patients and clinicians. Estimated prevalence
for self-reported gout in the general population is
0.7-1.4% in men and 0.5-0.6% in women. This
is higher in adults over 65, with prevalence of
4.4-5.2% in men and 1.8-2.0% in women. Studies
of gout over the past two decades suggest increasing
incidence, especially in the elderly population.

It has been estimated that gout is the second most
common form of inflammatory arthritis in the United
States. It occurs worldwide, and regional differences
may reflect racial predisposition, although this has
not been proven. Gout frequently results in occupa-
tional limitations, increased use of medical services,
and significant short-term disability, making the dis-
ease a significant public health problem.

The epidemiology of gout appears to be changing.
Studies of temporal trends have indicated increases
in prevalence over the last few decades in several
countries with high standards of living. The sex ratio
has also changed. The ratio of males to females
with gout was previously 20:1 but has recently been
estimated at 2-7:1. It has been suggested that these
changes are related to the use of medications (parti-
cularly thiazide diuretics), increased longevity, and
changes in lifestyle.

Risk factors for gout are varied. Plasma urate con-
centration is directly related to the risk of developing
gout. Hyperuricemia can be due to decreased renal
excretion or overproduction of uric acid. In the ma-
jority of individuals, it is related to underexcretion.
The risk of developing gout is similar in males and
females for particular urate concentrations, and the
lower prevalence of gout in females is likely indica-
tive of lower urate concentrations. Urate concentra-
tions are highly age dependent, with levels increasing
with age. There appears to be a genetic predisposi-
tion to the disease, as gout is associated with inherent
enzyme abnormalities and inherited urate under-
excretion. Environmental factors are also important.
The risk of gout is increased with diets rich in meats,
seafood, and alcohol. Medication use, including
thiazide diuretics, low-dose aspirin, and cyclosporine,
and toxin exposure (e.g., lead) has been associated
with hyperuricemia and the development of gout.

Management Management of gout includes treat-
ment of acute attacks and prevention of recurrent
attacks. For acute episodes, treatment options in-
clude local cortisone injection, a short course of sys-
temic steroids, NSAIDs (particularly indometacin),
Coxibs, and colchicine. Colchicine is rarely used
alone for the treatment of acute attacks due to
gastrointestinal side effects. Patients with more than
three gouty attacks in 1 year, tophi, polyarticular
disease, and gouty nephropathy may benefit from
long-term therapy (hypouricemic therapy) to lower
the level of uric acid in the blood and prevent future
attacks. The most commonly used medication for
hypouricemic therapy is allopurinol, a xanthine oxi-
dase inhibitor. However, allopurinol should never
be used during an acute attack because there is a risk
of triggering an attack with the onset of treatment.
For this reason it is often initiated with low-dose
colchicine in the first few months for prophylaxis.
Uricosuric drugs such as allipurinol are seldom used
in elderly patients, as they are often poorly tolerated
and may have decreased efficacy.

Calcium Pyrophosphate Deposition Arthropathy
(Pseudogout)

Clinical Features Calcium pyrophosphate deposi-
tion arthropathy is a further kind of crystal-induced
arthritis. There is a broad spectrum of diseases as-
sociated with calcium pyrophosphate dehydrate
deposition disease (CPPD or pseudogout). Included
in this category are asymptomatic chondrocalcinosis,
acute monoarthritis (pseudogout), and clinical pres-
entations mimicking OA (pseudo-osteoarthritis),
rheumatoid arthritis (pseudorheumatoid arthritis),
and neuropathic joint disease. In CPPD, inflamma-
tion is induced by the presence of crystals of calcium
pyrophosphate in the joints. The most common
clinical presentations include acute mono- or poly-
arthritis, chronic arthropathy, and asymptomatic
radiographic findings. In pseudogout, at least 50%
of attacks are in the knees, but the shoulders, wrists,
and ankles may also be affected. Although not as
painful or intense as gout, acute monoarthritis due to
CPPD is just as common. It is often seen in individu-
als with preexisting OA and is commonly precipi-
tated by trauma or acute medical illness.

Epidemiology and Risk Factors CPPD arthropathy
occurs most often in aging females. The mean age of
onset is between 65 and 75 years. It is estimated to
affect 10-15% of individuals between 65 and 75
years of age and more than 40% of individuals over
age 80. CPPD has been reported throughout the
world. There appears to be familial aggregation that
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has shown an autosomal dominant transmission
pattern, involving single gene mutations. There is
also an association with endocrine and metabolic
diseases including hyperparathyroidism, hypophos-
phatasia, hypomagnesemia, and hemochromatosis.
CPPD arthropathy appears to be linked with aging
of the articular cartilage, although the nature of this
relationship has not been clarified. Most cases of
CPPD have no known cause.

Management The goals of treatment are to reduce
symptoms, identify and treat any triggering illness,
and rapidly mobilize the patients as inflammation
settles. Rapid mobilization is important, as older
patients are prone to complications from prolonged
immobility. In many cases, joint aspiration to remove
synovial fluid from the joint may be the only
treatment required. An intra-articular steroid injec-
tion may be appropriate for a joint that does not
settle after the first aspiration. Analgesic and anti-
inflammatory drugs may provide additional benefit
when used with caution in elderly patients. NSAIDs,
colchicine, physiotherapy, and education can all
help to reduce pain associated with CPPD. For
patients with rheumatoid-like disease, there may be
some benefit from the use of hydroxychloroquine,
an antimalarial medication with anti-inflammatory
properties. Surgery such as total joint replacement
may be necessary in the presence of advanced joint
degeneration.

Rheumatoid Arthritis

Clinical Features Rheumatoid arthritis (RA) is one
of the most common autoimmune diseases. It typi-
cally begins as symmetrical pain and swelling of the
small joints of the hands and feet, along with stiffness
in the morning that can last for several hours. The
disease is typically accompanied by fatigue, anorexia,
and weight loss. Table 2 compares the characteristics
of RA and OA.

Older RA patients fall into two categories: patients
who have suffered from chronic RA for many years
or even decades and patients with recent or new

onset of disease. Patients with established disease
may still have active disease, or may be burnt out but
still have symptoms because of damage and deformi-
ties in joints previously affected by RA. Disease onset
is often acute, with disabling morning stiffness, limi-
ted range of motion, severe soft tissue swelling,
and marked elevations in inflammatory markers.
Involvement of the large joints, especially the shoul-
ders, is common along with involvement of wrists,
and metacarpophalangeal (MCP) joints and proxi-
mal interphalangeal (PIP) joints in the hand. Extra-
articular manifestations of the disease (such as
vasculitis) occur less often in the late-onset patient.
Laboratory tests for the diagnosis of RA may be
different in the elderly. For example, rheumatoid
factor, an antibody that recognizes the Fc portion
of the IgG molecule, increases with age, and so may
be less useful for diagnosis. Furthermore, eleva-
tions in inflammatory markers (including ESR and
C-reactive protein) may be misleading in the elderly,
in whom they may be elevated due to comorbid con-
ditions or due to aging itself. This combination of
factors can make the diagnosis of RA in the elderly
extremely challenging.

The course of RA is unpredictable. In some cases,
late-onset RA has been found to have a more favor-
able outcome than younger-onset RA, while in other
cases, the prognosis is worse. The majority of
patients will experience intermittent periods of active
disease alternating with periods of relative or com-
plete remission. A minority may have complete re-
mission, but a small group of patients will have
severe, unrelenting, progressive disease. Irreversible
joint deformities may also characterize the physical
findings of people with long duration and greater
severity of disease. These deformities may lead to
difficulties in walking and with activities of daily
living (ADLs) and result in significant functional dis-
ablement. RA is an important cause of disability.

Epidemiology and Risk Factors The peak onset
of RA is midlife, although the prevalence of RA in-
creases with age up to approximately age 85. The

Table 2 Clinical features of osteoarthritis versus inflammatory arthritides®

Clinical features Osteoarthritis Inflammatory arthritides

Duration of stiffness Minutes Hours

Pain Usually with activity Occurs even at rest and at night

Fatigue Unusual Common

Swelling Common, but little synovial reaction Very common with synovial proliferation and thickening
Erythema and warmth Unusual Common

@QOsteoarthritis may also be inflammatory.

From Table 8-6 in Kane RL, Ouslander JG, and Abrass IT (1983) Essentials of Clinical Geriatrics. McGraw-Hill Book Company.
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prevalence of RA in the population over 60 years of
age is reported to be 2%, double the prevalence in
the general population (1%). The sex ratio of RA
varies with age. The disease affects mainly females
under the age of 60, but over age 60 the sex ratio is
much more equal.

Although the cause of RA is unknown, many risk
factors, genetic, hormonal, and environmental, are
associated with its development. The risk of develo-
ping RA is 1.5 times higher if a first-degree relative
also has RA, and in twin studies, the concordance
for monozygotic twins was 12-15% while that in
dizygotic twins was 3.5%. The development of RA
has been associated with certain alleles of major
histocompatibility complex class II including HLA-
DR4, HLA-DR-1, and DR-14. Other genes have also
been found to play a role. Aside from genetics, hor-
mones and environmental factors have been impli-
cated. Increased risk of RA has been associated with
nulliparity in women and low testosterone levels in
men. Pregnancy is associated with remission, while
menopause is a common time of symptomatic onset
of RA. Decreased risk is associated with breast-
feeding and oral contraceptive use. Infections,
including bacterial and viruses, may contribute to
risk of RA. Thus, it appears that a range of genetic,
hormonal, and environmental factors can influence
the development of RA.

Management Treatment of RA focuses on decrea-
sing pain, swelling, and stiffness, improving function,
and preventing damage and disability. The mainstay
of treatment for RA in the elderly is medication,
which is similar to that in the younger patient, with
the caveat that adverse drug reactions may be more
likely. Classically, physicians have followed the pyra-
mid approach when selecting drugs for the treatment
of RA. This involves starting with NSAIDs and
using more potent drugs as required. The pyramid
approach to treatment is no longer accepted, how-
ever. Studies have shown that joint damage occurs
early in the disease. Furthermore, early and aggres-
sive treatment has been found to prevent disability
many years later. There is thought to be a ‘window
of opportunity’ early in the disease, when RA is
more responsive to immunosuppressive treatment.
In addition, combination therapy with two or more
agents has consistently been found to be superior to
monotherapy. Therefore, current recommendations
include early and aggressive treatment with combi-
nation therapy. Disease-modifying antirheumatic
drugs (DMARDs) are used to prevent progression
of disease for patients with RA. These drugs take
several months for clinical response and carry a risk
of serious adverse effects. Therefore, their use needs

to be carefully monitored under the supervision
of a physician experienced in the treatment of RA.
Corticosteroids may also have a place in treatment,
either systemically in low doses or injected into in-
flamed joints to reduce inflammation. Over the past
few years, biologic therapeutic agents have been in-
troduced and used for the treatment of RA. These are
an alternative for patients not responding to tradi-
tional DMARDs. NSAIDs and Coxibs can also be
used, with caution, for symptom control. Physio-
therapy to treat pain and swelling and maintain
range of motion and function is often an excellent
adjunct to medical therapy.

Surgical treatment may be recommended for RA
patients to relieve unresolved pain, loss of function,
and deformity. Joint replacements of hips and knees,
tendon repairs, and carpal tunnel releases are some
of the more frequently employed measures in the
elderly. Age itself is not a contraindication for
surgery, nor is it a predictor of poor results.

Polymyalgia Rheumatica

Clinical Features Polymyalgia rheumatica (PMR) is
a clinical syndrome of middle-aged and elderly peo-
ple characterized by pain and stiffness in the neck,
shoulder, and pelvic girdles, often accompanied by
constitutional symptoms such as fever, fatigue, ano-
rexia, and weight loss. Stiffness is the predominant
feature and is particularly severe after rest. In ex-
treme cases, the stiffness may prevent the patient
from getting out of bed in the morning. Muscular
pain is often diffuse and is accentuated by movement.
Pain at night is common.

Epidemiology and Risk Factors PMR is a condition
of the older patient. It is seldom diagnosed under the
age of 50. The mean onset of PMR is approximately
70 years, with a range of about 50-90 years. Women
are affected two to three times more often than men.
It is difficult to determine prevalence and incidence
of the disease, as there is a lack of specific signs and
symptoms. In older persons, its estimated prevalence
approaches 1% and the annual incidence rate has
been estimated at 13 to 113 per 100 000 individuals
over age 50. Incidence varies by geography.

There appears to be a genetic predisposition to
the disease, as evidence exists for familial aggrega-
tion. Environmental factors may also be important,
as there is clustering of cases in time and place. The
greatest majority of patients are Caucasian, and the
disease appears to be more common in the northern
United States, Canada, and Europe, compared to
southern regions.
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PMR has been associated with giant cell arteritis
(GCA). Symptoms typical of GCA include headache,
scalp tenderness, jaw pain on chewing, and visual
changes. Approximately 15% of patients with PMR
will go on to develop GCA, while almost 50% of
patients with GCA will have concurrent PMR. It is
important to rule out GCA in PMR patients, as if left
untreated, it can lead to irreversible blindness. For
definitive diagnosis of GCA, temporal artery biopsy
should be performed.

Management Of the forms of arthritis affecting the
elderly, PMR is one of the most difficult and impor-
tant to diagnose. The main treatment is systemic
corticosteroids. Patients have a dramatic response to
even small doses of prednisone, a corticosteroid. In
fact, administration of low-dose prednisone is often
used as a diagnostic test in patients with vague com-
plaints. There is no universally accepted approach to
initial corticosteroid therapy, maintenance, or dose
reduction. Once symptoms have resolved and inflam-
matory markers have normalized, the dose of steroid
may be slowly tapered. During tapering, inflam-
matory markers should be assessed regularly. If there
is recurrence of symptoms or increase in markers, the
steroid dose should be increased accordingly. Patients
will generally require treatment for up to 2 years.
Patients should be counseled regarding the side
effects of prolonged steroid use. Regular assessment
of blood pressure, blood sugar, and bone density
should be done while on therapy. Bone protection
with calcium, vitamin D, and bisphosphonate should
be considered. Patients with concurrent GCA will
require higher doses of prednisone along with appro-
priate monitoring.

Impact of Arthritis in the Elderly
Population

The greatest impact of arthritis is morbidity and dis-
ability, with the major burden being on the elderly
population. Arthritis is the most frequently cited
cause of activity limitations for men and women over
age 45, compared to other chronic conditions, with
the prevalence of arthritis disability being generally
higher in females. According to data from the US
National Longitudinal Study on Aging of 1984,
community-dwelling elderly (ages 70 +) who report
arthritis represent the greatest proportion of indivi-
duals with physical limitations (68%), limitations in
activities of daily living (ADLs) (75%), and limita-
tions in instrumental ADLs (70%) such as shopping,
managing money, and housework. Epidemiologic
studies at long-term care facilities in the United

States have shown that 45-80% of residents have
substantial pain from musculoskeletal origin that
affects their functional status and quality of life.

RA and other inflammatory arthropathies are
commonly viewed as the most likely types of arthri-
tis to lead to disability. Data from population surveys
suggest, however, that the most frequent cause of
arthritis-related disability is OA. Although a smaller
proportion of people with OA than with RA experi-
ence disability, because of its much higher overall
prevalence, OA is the most frequent cause of dis-
abling arthritis. Population data suggest that for
every person with severe disability from RA, there
are over seven individuals with severe disability
due to OA.

Disabling arthritis is likely to have an impact on
all aspects of life. Table 3 presents a picture of the
scope of impact on individuals age 65 or older
with arthritis-related disability. The data are from
the 1986 Canadian Health and Activity Limitation
Survey (HALS). Results from the most recent version
of this survey indicate similar findings, but at the
time of writing, detailed data were unavailable.
Although the data cannot be broken down into types
of arthritis, it is important to remember that the
majority of people with disabling arthritis in this age
group will have OA, which is predominant in the
aging population.

For people with arthritis-associated disability,
there may be an impact on many aspects of life.
Mobility, including walking, standing, and climbing
stairs, may be impaired, leading to loss of physical
independence, with the need to rely on walking aids
and the help of other people. There is also an effect
on occupation, including work, leisure, and obliga-
tions in the home. This may lead to loss of economic
self-sufficiency, not only through reduced earning
power, but also as a result of extra expenses incurred
because of the disease. Furthermore, social integra-
tion may be affected along with relationships with
other people. The combination of these factors may
eventually contribute to depression and poor psycho-
social function.

Management of Arthritis Impact

The principles for management of the painful and
disabling consequences of arthritis are similar for
all types of arthritis. Ideally, arthritis is treated early
to halt its progression and prevent impairment and
disability. The medical management of specific types
of arthritis was previously discussed. More gene-
rally, a family physician or general practitioner (or in
some cases a nurse practitioner or rehabilitation spe-
cialist) may manage the arthritis problem if it is
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Table 3 Indicators of the effect of arthritis on the lives of those
with arthritis-associated disability over the age of 65 in Canada

Indicator of effect on daily life Persons with

disability
affected
over the
age of
65 (%)
Mobility
At least some trouble with mobility® 92.5
Trouble or unable to climb stairs 69.2
Trouble or unable to walk 400 yards 70.5
Trouble or unable to stand >20min 68.0
Cannot leave residence or only with attendant 33.8
Physical independence
Some dependence because of disability® 741
Dependent on help weekly or more often® 51.5
Trouble or unable to bend to pick up object 52.3
Trouble or unable to cut toe nails or fingernails 48.6
Trouble or unable to get in or out of bed 20.1
Trouble or unable to dress 17.2
Social integration
Lives alone 32.8
Never visits relatives or friends 19.8
Occupation
Never attends sporting events, concerts, plays, 83.3
or movies
Never participates in hobbies, arts, crafts 46.0
Never participates in social activities 20.1
Socioeconomic self-sufficiency
Income <$20000 63.4
Out-of-pocket expenses because of disability® 35.6
Base population >age 65 (thousands) 266195

#Has trouble with or is unable to do one or more of the following:
walk 400 yards without resting, walk up or down a flight of stairs,
carry an object of 10 Ibs for 30 ft, move from one room to another,
stand for more than 20 min.

®Dependence, help because of health problem. Occasional:
heavy household chores; looking after personal finances (e.qg.,
banking, paying bills). Weekly or more frequent: shopping for
groceries or other necessities; everyday housework. Daily: per-
sonal care (e.g., washing, grooming, dressing, feeding); moving
about within own residence; preparing meals.

®Out-of-pocket expenses for medication, special aids or supplies,
health and medical services not covered by insurance, modifica-
tions to residence, transportation personal services (e.g., attend-
ant, housekeeping services).

Data from the 1986 Canadian Health and Activity Limitation
Survey.

straightforward or can act as a gatekeeper for refer-
ral to other services. Unfortunately, research shows
that due to inadequate training regarding musculo-
skeletal conditions, primary care management may
be suboptimal. The medical specialists specifically
trained in the diagnosis and treatment of indivi-
duals with arthritis are rheumatologists, orthopedic
surgeons, and rehabilitation medicine specialists.
Medical care usually includes a complete diagnos-
tic work-up, advice regarding the appropriate drug

regime, and appropriate monitoring of the patient
for medication side effects. Tertiary care services may
also be provided in some centers by rheumatologists
who specialize in some of the rarer arthritis dis-
orders. Appropriate and timely referral to orthopedic
surgery is also important, particularly in view of the
potential for total joint replacements and other types
of surgery to control pain and restore function.

Physical therapy and occupational therapy are also
important in the management of arthritis. Physical
therapy strategies aim to maintain or increase range
of motion, correct or prevent muscle weakness or
wasting (which may also lead to instability of joints),
and help correct malalignment of joints, abnormal
use of joints, or both. Hydrotherapy (exercise in
water) can have advantages, particularly for people
with severe arthritis, as the buoyancy of water helps
reduce the stress on the joints. Exercise can reduce
pain, suppress the need for medication, and help
maintain function. There is also some suggestion
that cartilage repair occurs with a regular program of
exercise.

It is important to encourage moderate levels of
general physical activity within the limits of severe
fatigue. Brief periods of several days of enforced rest
may be followed by loss of muscle strength, with the
risk of permanent decline in functional ability, inclu-
ding ability to walk. Even in the presence of active
RA with constitutional manifestations, it is impor-
tant that elderly persons maintain a certain level of
physical activity to maintain function.

Occupational therapists are involved in the care of
people with arthritis, by constructing splints to sta-
bilize joints and reduce pain, and by providing input
regarding environmental modifications to facilitate
the performance of ADLs. Occupational therapists
also conduct functional evaluations that are essential
for treatment planning for older patients. Being able
to transfer from a chair to a standing position, walk
short distances, and get on and off a toilet independ-
ently may make the difference between living in-
dependently and requiring physical assistance or
even institutionalization. Occupational therapists
also offer education regarding joint protection and
energy conservation techniques, which may help to
reduce and improve joint alignment and prevent
muscle fatigue.

Both occupational therapists and physical thera-
pists may provide input regarding assistive devices
and environmental modifications. The availability
and use of assistive devices can make an important
contribution to maintaining independence in people
with arthritis disability. Assistive devices may be
useful, for example, to help put on shoes and stock-
ings or to open jars. Other devices include raised
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chair or toilet seats to facilitate rising from a sitting
position, and bath seats to assist with bathing.
Adapted shoes are also particularly important in
lower limb arthritis. Extra-depth shoes and orthotics
may accommodate the anatomical changes of aging
and help cushion the heel to absorb impact loading.
Simple walking aids such as a cane can also reduce
joint loading and decrease pain. Finally, adaptations
to the physical environment in the home, such as
handrails in the bathroom and on stairs, may be im-
portant in preserving independence.

Education is another important management strat-
egy that may be offered at many different levels. Phy-
sicians, therapists, and trained laypeople may all be
involved in educating people about their arthritis. Ed-
ucation is important to promote the patient’s and
family’s understanding of the condition, so they know
what they can do to adapt and cope with pain and the
disabilities that may result from arthritis. Educational
and community support interventions have been
found to have a positive impact on many aspects of
health status, including knowledge, pain, compliance
with medication, emotional and social well-being, and
disability. Programs that include and emphasize prob-
lem solving, coping, self-efficacy, and endurance ex-
ercise have proven more effective than traditional
programs that focus exclusively on changes in the
joints, range of movement, and joint protection.

All of these management strategies focus on the
individual and on what can be done within the im-
mediate environment to manage arthritis. The broad
social environment can also make an important con-
tribution to reducing the impact of arthritis on
individuals. The social environment encompasses the
attitudes of others, both within the family and in the
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Glossary

Clinical Neuropsychology — A subfield of clinical
psychology involving systematic evaluation,

community in general, cultural background, values,
and expectations. Increased public awareness of
arthritis could result in changes that would greatly
enhance an individual’s quality of life, by providing
a more accepting and adaptable environment that
would ultimately facilitate function of older people
with arthritis.
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rehabilitation, and treatment of cognitive and other
neurobehavioral deficits, generally using standard-
ized psychometrically validated neuropsychological
tests, among people with known or possible neuro-
logic or neuropsychiatric conditions.

Neuropsychology — The study of relationships be-
tween the central nervous system and the mind.

Introduction

Literally defined, the term neuropsychology refers
to the study of relationships between the central
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nervous system (CNS) and the mind (or psyche). In
that sense of the word (although not necessarily
under that name), neuropsychology has had an extra-
ordinarily long history in psychology, medicine (in-
cluding psychiatry and neurology), and philosophy.
Moreover, neuropsychological inquiry remains a
central part of a range of interrelated scientific dis-
ciplines, such as cognitive neuroscience, behavioral
neurology, neuropsychiatry, experimental neuro-
psychology, and the like. In contemporary times,
the term clinical neuropsychology has a more speci-
fic connotation, referring to a subfield of clinical
psychology involving systematic evaluation, rehabil-
itation, and treatment of cognitive and other neuro-
behavioral deficits, generally using standardized
psychometrically validated neuropsychological tests,
among people with known or possible neurologic or
neuropsychiatric conditions.

The focus of this article is the contemporary
meaning of neuropsychology, with particular em-
phasis on the role and relevance of neurocognitive
assessment in the clinical care of older patients. The
intent is to provide a broad introductory overview
for geriatric health-care professionals regarding the
nature and role of clinical neuropsychological as-
sessment. The specific goals are twofold: (1) to raise
awareness among non-neuropsychologist clinicians
regarding the potential value of referring geriatric
patients for neuropsychological assessment, and (2)
to provide a resource so that non-neuropsychologist
clinicians can be educated consumers of neuro-
psychological referral resources and results.

Definitions and Process of
Neuropsychological Assessment

Who or What Is a Neuropsychologist?

As noted previously, under the broader rubric of
neuropsychology as the study of the relationship
between the CNS and neurobehavioral functioning,
the term neuropsychologist is not discipline specific.
Professionals from a range of related disciplines, in-
cluding cognitive neuroscience, behavioral neuro-
logy, biological psychiatry, biological and cognitive
psychology, and experimental neuropsychology, con-
duct neuropsychology as a field of scientific inquiry.
However, contemporary use of the label clinical
neuropsychologist is generally taken to refer more
specifically to a doctoral-level clinical psychologist,
with specific training relevant to the application
of neuropsychology in clinical work with patients, as
well as in clinical research.

In addition to meeting all the training require-
ments for a doctorate, licensure, and credentialing

as a clinical psychologist, those practicing clinical
neuropsychology also need to obtain the relevant
knowledge and experience specific to understanding
and evaluating brain-behavioral relationships and
working with brain-injured or other neurologic
patients. All neuropsychologists should have particu-
lar expertise in neuropsychological assessment and
interpretation, a detailed understanding of the vari-
ous cognitive and behavioral profiles of patient popu-
lations, and specific supervised experience in the
practice of clinical neuropsychology. Neuropsycho-
logists also have working knowledge, and often par-
ticular expertise, in such subdisciplines as functional
neuroanatomy, neurodevelopment, and neurologic
disorders/neuropathology. These skills are generally
obtained via both formal course work and supervised
clinical work conducted during both doctoral train-
ing, and 1 or 2 years of supervised postdoctoral
training. In the context of working with older pa-
tients, neuropsychologists are expected to also have
a solid knowledge base and relevant experience in
geriatric psychiatry and gerontology. In addition to
licensure (required by every state for independent
practice of clinical psychology), many clinical neuro-
psychologists also go on to seek and obtain board
certification from the American Board of Clinical
Neuropsychology, which is a part of the American
Board of Professional Psychology, and/or from the
American Board of Clinical Neuropsychology.

Neuropsychological Testing and
Neuropsychological Assessment

A central component of a comprehensive neuro-
psychological evaluation generally includes adminis-
tration and scoring of standardized tests to measure a
range of relatively specific neurocognitive abilities,
such as attention/working memory, verbal knowledge
and receptive/expressive language functions, visuo-
spatial and constructional skills, mental processing/
psychomotor speed, executive functioning, and visual
or auditory learning/memory.

Standardized testing implies that the test adminis-
tration procedures, instructions to the examinee, stim-
uli, and scoring procedures have all been clearly
specified and validated as part of the test develop-
ment process. These standardized procedures allow
neuropsychologists to establish reliability, such as in-
ternal consistency, interrater reliability, and test-retest
reliability, where appropriate. Standardized testing
also typically involves the use of normative data. Nor-
mative data are gathered from healthy controls, or
sometimes from various clinical populations, using the
standardized procedures. The use of normative data
allows for evaluation of an examinee’s performance
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relative to that expected in the overall general or
patient population, as well as among demographically
similar healthy controls. For instance, in evaluating
older patients, it is helpful to consider performance
relative to age-matched peers, particularly on tests of
abilities that are strongly affected by normal aging,
such as psychomotor speed. This aids in distinguishing
genuine but non-pathological difficulties, e.g., normal
age-related forgetfulness, from those that are likely to
reflect a pathological cause, e.g., a neurodegenerative
condition.

There are at least two specific advantages of testing
a range of cognitive abilities rather than simply exa-
mining overall cognitive functioning: (1) some dis-
orders or localized brain lesions will impair certain
abilities while leaving others relatively intact, so ex-
amination of the pattern of cognitive strengths and
deficits can provide some clues regarding the nature
of any present neuropathology, and (2) information
about spared or residual abilities is at least as im-
portant as that regarding impaired abilities when
developing plans for treatment or compensatory
strategies.

Use of standardized neuropsychological tests is
generally central to a neuropsychological evaluation,
but the process of neuropsychological assessment
is much broader and more complex than adminis-
tering and scoring standardized tests. (Some neuro-
psychologists in fact delegate at least a portion of the
actual test administration and scoring to a well-
trained and supervised bachelor-level psychometrist/
technician.) Rather, a neuropsychologist’s training
and expertise are most salient in the process of
integrating and interpreting standardized test scores
in the context of other available information, such as
the presenting concerns, detailed behavioral obser-
vations, clinical interview of the patient and any
available family members or caregivers, review of
current and past psychosocial functioning, medical
history, and personality functioning. The ability to
form a coherent synthesis of this breadth of infor-
mation, together with a consideration of the pattern
of performance across a range of specific neuro-
psychological tests, is where both the science and art
of a clinical neuropsychologist’s knowledge, skill,
and expertise become most apparent.

Origins and Current Roles of
Neuropsychological Assessment

Detection and Localization of Neuropathology

Although neuropsychology has long historical roots,
it only emerged as a subdiscipline within clinical
psychology in the early- to mid-twentieth century.

During the initial development period, the primary
emphasis of clinical neuropsychology was detecting
and/or localizing brain injury or other forms of CNS
dysfunction, as well as characterizing the nature of
brain injury. Indeed, many of the neuropsychological
tests and techniques that are still in use today were
originally designed or adapted for such purposes.
For instance, in the 1930s, Ward Halstead, one of
the pioneers of clinical neuropsychology, carefully
observed people with brain injuries in an effort to
understand the effects of such injuries on cognitive
processes and behaviors. When he observed a poten-
tially relevant behavior, he designed methods to mea-
sure or quantify that behavior. For example, having
noted that many brain-injured patients had partial
unilateral paralysis, Halstead developed the finger
oscillation test, more commonly known as the finger
tapping test, among other tests, to quantify motor
difficulties. With this approach Halstead developed
a battery of tests that was subsequently refined,
expanded, and further validated by Ralph Reitan
into what is now known as the Halstead—Reitan
Battery. Portions of this battery remain among the
most widely used neuropsychological tests.

Other commonly used measures of cognitive func-
tion include subtests from other batteries such as
the Wechsler Adult Intelligence Scale (WAIS) and
the Wechsler Memory Scale (WMS) in their various
incarnations. Although earlier versions of WAIS
and WMS were primarily used to measured intelli-
gence and memory, respectively, the latest editions
allow for the computation of index scores for specific
neurocognitive ability areas, i.e., verbal comprehen-
sion, processing speed, perceptual organization, wor-
king memory, verbal memory, and visual memory,
therefore rendering them appropriate neuropsycho-
logical instruments.

Over the last few decades, the use of neuro-
psychological assessment in lesion detection and
localization has decreased with the development
and increased availability of neuroimaging tech-
niques such as computerized tomography (CT) and
magnetic resonance imaging (MRI). But neuro-
imaging has not fully eliminated the usefulness of
neuropsychological assessment in this regard. Neuro-
psychological tests are often sensitive to subtle forms
of neuropathology that are not readily discernible
through contemporary imaging methods. For in-
stance, because some cell and brain volume loss, as
well as plaques and tangles, are common in normal
aging, the neuropathologic changes in the early
stages of Alzheimer’s disease (AD) can be quite dif-
ficult to distinguish from those associated with nor-
mal aging via imaging alone; however, the subtle
deficits in episodic verbal memory (beyond those



102 Assessment: Neuropsychological

attributable to normal aging) may be detected
through neuropsychological evaluation. Similarly,
functionally relevant non-focal lesions from trau-
matic head injury or other forms of neuropatho-
logy may affect neuropsychological performance and
everyday functioning without clearly discernible
abnormalities seen via CT or MRIL

Differential Diagnosis

Neuropsychological assessment is also frequently
useful in the process of differential diagnosis of sus-
pected neurocognitive disorders. A key component
of differential diagnosis is the ability to measure rel-
atively discrete cognitive functions, disentangle these
cognitive abilities, and compare the level of observed
performance to normative data from similarly aged
individuals in the general population. A practical and
common example is when a neuropsychologist is
asked to evaluate an older adult’s complaint of in-
creasing forgetfulness. Many times what is perceived
by a layperson as a memory deficit may, through
neuropsychological evaluation, be revealed to be
attributable to some other type of deficit, such as
sensory-perceptual problems, attentional difficulties,
and organizational or other executive dysfunctions,
and/or may reflect depression or anxiety, or both.
Skilled neuropsychologists are able to distinguish be-
tween these various potential etiologies of increasing
forgetfulness and make recommendations and deve-
lop treatment plans that are targeted to the specific
cause of these complaints.

Determining and Quantifying the Cognitive/
Functional Impact of Known Neuropathology

Another key role of neuropsychological assessment
is evaluating the cognitive and functional effects of
known neurologic injuries or lesions. For instance, it
may already be known that a particular patient has
early AD, or has experienced a stroke or head injury
affecting a specific brain region, but the effects of the
known neuropathology on specific cognitive abilities
and everyday functioning may remain unclear with-
out thorough neuropsychological evaluation. In fact,
over the last decade or so, there has been a growing
emphasis in clinical neuropsychology in not simply
documenting the presence of cognitive deficits, but
also discerning the implications for such deficits in
terms of everyday functioning. For example, neuro-
imaging may be able to identify that a patient has
a lesion to the hippocampus, a structure known to be
important in the formation of new memories;
however, such images often tell clinicians little about
the extent of the memory impairment and what
this impairment means for the patient’s everyday

functioning. Therefore, neuropsychology can also be
extremely important in the rehabilitative process
and may complement such disciplines as occupational
and physical therapy. For instance, even if a patient’s
cognitive deficits are not expected to substantially
recover, clarification of his or her specific strengths
and weaknesses can be key in developing compensa-
tory strategies (whether these involve teaching the
individual to rely more heavily on spared abilities or
making environmental modifications to decrease the
potential influence of salient deficits).

Evaluating Current and Future Decline or Recovery

Yet another common role of neuropsychological as-
sessment in geriatric mental health and other clinical
settings is determining the speed and trajectory of
cognitive changes, either in terms of the rate of
decline, e.g., from a neurodegenerative condition
such as AD, or in terms of the rate and level of
recovery, e.g., from stroke or traumatic head injury.
In this vein, repeated neuropsychological assessment
can be an invaluable component in long-term treat-
ment and care planning. Some common difficulties
associated with interpreting changes over repeated
assessments are that examinees’ performance may
improve due to their becomig more familiar with the
content and/or test methods, and there are generally
some mild fluctuations in test scores over successive
evaluations simply due to random effects. Thus, a
particularly interesting and useful development in
clinical neuropsychology over the past decade has
been the increased interest and preliminary work
among neuropsychologists to develop norms for
change by which observed changes can be evaluated
relative to the degree of expected practice effects and
random fluctuations.

Role of Neuropsychology in the Diagnosis and
Treatment of Patients with Non-Neurologic
Disorders

In many clinical settings, there may be a tendency to
think of neuropsychological assessment primarily in
terms of working with patients with acquired neuro-
logic conditions, such as head injury, stroke, brain
tumor, and/or progressive neurodegenerative condi-
tions. Indeed, neuropsychologists are important
and valuable in the evaluation and treatment of such
patients. However, other disorders frequently seen
in geriatric and other mental health settings, such as
mood disorders and psychosis, also commonly have
clear and functionally relevant neurocognitive as-
pects. Even many non-neuropsychiatric medical con-
ditions, such as cancer, cardiovascular disorders,
liver disease, endocrine disorders, and some forms of
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infectious disease, particularly HIV infection, and/or
their treatment may adversely affect cognitive abili-
ties to a functionally relevant degree. In terms of
primary psychiatric disorders, there is a large litera-
ture on the predictors of everyday functioning and
outcome among older as well as younger patients,
which clearly demonstrates that neuropsychological
skills, but neither primary psychiatric symptoms
nor demographic characteristics, such as age or
education, are the strongest predictors of level of
independent functioning and long-term outcome.
In short, neurocognitive assessment, whether brief
screening or comprehensive assessment, has clear
relevance and utility in the evaluation, treatment,
and care planning for geriatric patients with neuro-
logic, psychiatric, and other medical conditions.

Assessment of Specific
Neuropsychological Domains

As described previously, a central foundation of
neuropsychological assessment is the view that
cognitive functioning can be, to some degree, de-
scribed in terms of a number of more specific abilities
that reflect the functioning of relatively discrete brain
regions or systems. A thorough description of these
constructs and the variety of tests available to meas-
ure each of the constructs and subconstructs is be-
yond the scope of the present article. Nevertheless,
the following brief examples are provided to give
those unfamiliar with the details of neuropsycho-
logical assessment a tangible understanding of the
manner in which these constructs tend to be opera-
tionalized.

Attention and Working Memory

The term attention is a rather broad construct that
refers to a range of more specific abilities, such as
simple or basic attention (such as the ability to repeat
back strings of digits), selective or focused attention
(distinguishing relevant from irrelevant stimuli or in-
formation), maintenance over time (ability to stay
mentally on track), and vigilance (such as waiting for
a particular stimulus or event over time). The con-
cept of working memory is closely related to atten-
tion, but also to that of executive functioning,
described later. Working memory is generally con-
ceptualized as the short-term ‘mental work bench,’
where information is actively held for short periods
of time for further processing. A key aspect of
working memory is that it has limited capacity and
requires active rehearsal or allocation of attentional
resources for retention. For instance, if an individual
needs to hold a telephone number in his or her

working memory for a period sufficient to dial
the telephone, that retention is generally facilitated
by active rehearsal over the delay period. Given the
diffuse nature of attention as a neuropsychological
construct, there is not one neuroanatomical region
responsible for these abilities; however, it is widely
accepted that relatively intact frontal lobes are
needed for most attentional skills.

Some common examples of attention and/or wor-
king memory tasks include the serial 7s subtraction
subtask from the Mini-Mental State Examination
(MMSE) and the Digit Span subtest from third edi-
tions of the WAIS (WAIS-III) and WMS (WMS-III).
In the latter, the examinee is first asked to repeat
strings of digits of increasing length and then in the
second half is asked to repeat strings of digits in
reverse order. Others include any of the various can-
cellation tasks; examples include the Digit Vigilance
from the expanded Halstead—Reitan Battery, in
which the examinee is asked to rapidly identify and
cross out every instance of a target number within a
much larger array of numbers, and any of the various
versions of the Continuous Performance Test (CPT),
such as the identical pairs version, in which the ex-
aminee watches a series of numbers rapidly flashed
on a computer screen and is required to make a re-
sponse after any number is shown twice in a row.
There are also spatial working memory tasks, e.g., in
which examinees are asked to remember the location
of a particular stimulus over a brief delay and/or to
tap out a sequence of blocks in the same or reverse
order as presented by the examiner, e.g., the Spatial
Span subtest of the WMS-III.

Verbal Abilities

Verbal abilities may include both crystallized knowl-
edge and language functions. Crystallized knowledge
is declarative knowledge of the type that is generally
acquired in school or other social or learning
environments and experiences. Examples of tests
used to measure this construct include vocabulary
knowledge as measured by the WAIS-III Vocabulary
subtest, in which the examinee is asked to define a
series of presented words, and general information
as evaluated by the WAIS-III Information subtest, in
which the examinee is asked to answer common
knowledge questions.

Common receptive language measures may in-
clude both written presentation, as in reading com-
prehension tasks, and tasks such as the Token Test, in
which the examinee is required to follow a succes-
sion of increasingly complex aurally presented in-
structions, and the Complex Ideational subtest from
the Boston Diagnostic Aphasia Examination, which
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requires the examinee to answer several two-part
aurally presented questions. Two examples of com-
monly used expressive language tests include the
Boston Naming Test, in which the examinee is shown
drawings of objects one at a time and asked to iden-
tify each one in succession, and letter fluency tasks,
such as the FAS task, in which the examinee is given
three 1-min trials to name as many words as he or
she can think of that begin with the letters F, A, and
S, respectively. Lesions to brain areas known to
mediate specific language skills, such as Broca’s area
of the frontal lobe, which is important in the motor
programming of speech, and Wernicke’s area of
the temporal lobe, which is involved in the auditory
comprehension of spoken words, would impact
performance on some of these tasks.

Visual-Spatial and Constructional Skills

Visual-spatial or perceptual organizational skills
refer not simply to visual acuity, but moreover to
the ability to discern the pattern and relative location
of visual stimuli, as well as manipulate objects in
three-dimensional space. Common measures of these
abilities include several subtests from the WAIS-III,
e.g., Block Design, in which the examinee is required
to rapidly match a two-dimensional figure by com-
bining three-dimensional colored blocks, Picture
Completion, in which the examinee must identify
the important missing element in a series of pictured
scenes, and Matrix Reasoning, a visual reasoning
task in which the examinee must identify the missing
element in a matrix by discerning the rule underlying
the relationship between each of several subparts.
Another widely used test in this area is the Hooper
Visual Organization Test, in which the examinee is
shown several pictured objects that have been cut
and randomly arranged in pieces; the examinee must
mentally rotate the various pieces and put them
together, and then name the object. Posterior right
hemisphere lesions are often responsible for impair-
ment on many visuospatial and construction tasks;
however, left hemisphere lesions can also disrupt
these abilities, but typically present with a different
pattern of impairment.

Mental Processing and Psychomotor Speed

Psychomotor and mental processing speed refer to
the speed of thinking and/or integration of speed of
thinking with rapid motor action. Common meas-
ures of this domain include the WAIS-III Digit Sym-
bol task, in which the examinee is asked to rapidly
draw a set of symbols that are matched via a key
to a series of numbers, and the Trail Making Test
(Part A). The latter task was originally developed in

the 1930s by John Partington and published as
Partington’s Pathways Test; it requires the examinee
to rapidly connect a series of circled numbers. At
least one test of psychomotor speed is almost
invariably included in neuropsychological evalua-
tions, as these tests tend to be among the most
sensitive to any form of CNS dysfunction. However,
this is also the domain most clearly and consistently
affected by normal aging. Declines in psychomotor
speed relative to younger adults are evident among
those in their 30s, and slowing progresses with fur-
ther aging.

Neuropsychological batteries also commonly in-
clude more direct measures of motor functioning,
e.g., the Hand Dynamometer Test of grip strength, in
which the examinee’s strength in each hand is evalu-
ated, and Test of fine motor dexterity the Grooved
Pegboard in which the examinee is required to ra-
pidly place a series of keyed pegs into metal slots.
These motor tasks can be particularly helpful in iden-
tifying lateralized patterns of impairment, and specifi-
cally lesion to the motor cortex, as well as having
potential implications for everyday functioning.

Executive Functioning

The term executive functions is one that is particu-
larly important in describing human cognition, yet at
the same time it is one of the most difficult to pre-
cisely define. Very broadly, executive functions are
those higher-order functions that allow an individual
to initiate and maintain goal-directed behavior,
as well as to disengage from such behaviors when
appropriate to the goals and/or in response to
environmental cues. Some of the underlying skills
generally classified within this area include abstrac-
tion and problem solving, cognitive flexibility and set
shifting, response inhibition, and planning. As noted
previously, the concept of working memory also has
some overlap with that of executive functioning.
Historically, the term executive functions was fre-
quently used interchangeably with the term frontal-
lobe functions (with particular emphasis on the
prefrontal cortical regions). However, not all activi-
ties of the frontal lobe are executive in nature, and
the neurologic systems needed to carry out these exe-
cutive functions are clearly not limited to the frontal
lobe; over the past two decades, there has been in-
creased recognition of the role of frontal-subcortical
circuits in the various executive functions.

Some of the most widely used measures of exe-
cutive functions include the Wisconsin Card Sorting
Test (WCST), Booklet Category Test, Stroop task,
and Trail Making Test (Part B). Consideration of
the specific tasks in each of these tests is helpful in
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illustrating the range of functions subsumed under
the label of executive skills. For instance, successful
performance of the WCST requires the examinee to
discern an unspoken rule that defines correct versus
incorrect matches, and also requires the examinee to
change strategies when appropriate. The Booklet
Category Test similarly requires the examinee to
discern the pattern or rule underlying the sequence of
presented stimuli, but that rule may change over
various subsections. Thus, the WCST and Booklet
Category Test may both measure abstraction/
problem solving, as well as mental flexibility (or
perseverative thinking). The Stroop task seems to
require a somewhat different skill, particularly re-
sponse inhibition. On the color-word interference
portion of this task, the examinee must rapidly tell
the examiner the color of the ink that the word is
printed in rather than read the printed word (e.g., say
the word red when the word blue is printed in red
ink). This requires the examinee to inhibit the more
automatic or quickly processed reading response in
favor of a more effortful color-naming response.
Trail Making Test Part B is generally administered
immediately after Part A (described previously), and
requires the examinee to rapidly connect a series of
numbers and letters (alternating between the number
and letter sequences). Letter fluency (FAS, described
earlier) as well as category fluency, such as the ability
to rapidly name types of animals, are also sometimes
interpreted in terms of executive functions, as rapid
performance is facilitated by use of an effective
strategy for mental search of the lexicon.

Learning and Memory

Neuropsychological batteries, particularly those used
with older patients, almost invariably include one or
more measures of auditory and visual episodic dec-
larative memory. Tests of auditory and visual epi-
sodic learning and memory have similar methods;
they often include several trials, followed by a delay
trial. Distraction tasks or other neuropsychological
tests are often administered during the delay period
to prevent rehearsal of the test stimuli. Measures
of delayed recall often include a free recall trial
and recognition, and sometimes include cued recall.
Examples of reliable and often-used measures of
auditory learning and memory tests include the
Hopkins Verbal Learning Test, Rey Auditory Verbal
Learning Test, and California Verbal Learning Test,
all of which are list-learning tasks, and Logical
Memory (from the WMS-III), in which the stimuli
are stories or short passages. Visual learning is often
measured with the Brief Visuospatial Memory Test
(BVMT) and the WMS-II Visual Reproductions

(VR) and Family Pictures subtests. One thing to
note about the BVMT and VR is that both not only
require the examinee to learn and remember geo-
metric figures, but the free recall portions also re-
quire the examinee to draw those figures. Thus, each
of these latter tests also has a visual-constructional
element in addition to a visual memory component.
This provides yet another example of why neuro-
psychologists are reluctant to interpret isolated
test scores: performance on one test may color the
appropriate interpretation of a second test. Encoding
and retrieval of new information are thought to
be dependent on the intact functioning of the hip-
pocampus and associated parahippocampal gyri,
although recent literature has shown that the fron-
tal lobes are also involved in these abilities. And,
as was pointed out previously, many of these tests
require additional cognitive skills (such as visual-
constructional skills) that are not controlled by these
neuroanatomical areas.

Other Assessments

In addition to tests of the preceding or similar con-
structs, comprehensive neuropsychological assessment
frequently includes measures to estimate premorbid
functioning, as well as standardized measures of
motivation or effort. In terms of premorbid function-
ing, word reading (another example of crystallized
knowledge) tends to be relatively resilient to the effect
of many (although not all) forms of acquired neuro-
logic dysfunction. Thus, word reading measures
such as the American National Adult Reading Test
or the Word Reading subtest from the Wide Range
Achievement Test, third edition, are often included as
part of an overall neuropsychological evaluation as a
way of estimating premorbid verbal functioning.

Tests of motivation and effort (or symptom vali-
dity testing) are most frequently employed in forensic
contexts, in which there may be some monetary or
other tangible benefits to the examinee to appear
cognitively impaired. These tests can also be useful in
other contexts to detect suboptimal effort. (These
symptom validity tests are sometimes loosely referred
to as malingering tests, although, strictly speaking,
this term is generally inappropriate in that it implies
consciously motivated deficient performance. It is
generally difficult to prove that suboptimal perfor-
mance is consciously motivated.)

Effects of Normal Aging on
Neuropsychological Functioning

Normal aging can affect the various cognitive abili-
ties to different degrees. Perhaps the single most
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consistent finding is that of slowed psychomotor
speed with age; in fact, some researchers have
suggested that other normal aging-related cognitive
changes are in fact due to the effects of this psycho-
motor slowing. Psychomotor slowing is not limited
to the elderly, but rather progresses throughout
most of the adult life span. People in their 30s, on
average, have slower performance on psychomotor
tasks than those in their 20s; the average perfor-
mance of people in their late 80s on the WAIS-III
Digit Symbol subtest is two standard deviations
below the mean of that of people in their 20s.

In addition to slower processing speed, one of the
most frequent and salient changes with normal
aging, particularly among the elderly, is a modest
decline in efficiency of information acquisition
and free recall retrieval (as evidenced on auditory
or visual measures of episodic declarative memory).
In contrast, however, actual retention of information,
as evaluated through cued recall and/or recognition
test formats, tends to be less affected by normal aging
than initial acquisition and free recall. This contrast
can be important in distinguishing normal forget-
fulness from a pathological process. For instance,
the hallmark of AD is a progressive decline in both
efficiency of acquisition and retention of acquired
information. In fact, some evidence suggests that
greater than age-normal declines in episodic decla-
rative memory may serve as an early marker of the
preclinical stages of AD.

Normal aging can also be associated with some
declines in perceptual-organizational/constructional
skills, as well as executive functions, and some
aspects of working memory, particularly those re-
quiring more active manipulation of information,
rather than simple momentary rehearsal and storage.
In contrast, performance on verbal tasks (other than
verbal memory) tends to be relatively unaffected,
particularly those emphasizing crystallized verbal
knowledge. For example, comparison of the various
age group norms for the WAIS-III Vocabulary test
suggests that vocabulary knowledge remains stable
or even increases through the late 70s, and even
among those in their 80s, declines are relatively
modest. Thus, an apparent change in an older per-
son’s crystallized knowledge, particularly if that
knowledge cannot be elicited even through recogni-
tion, warrants further inquiry for possible path-
ological processes.

In addition to savings (retention), recognition, and
verbal knowledge, basic attention also tends to be
relatively unaffected by normal aging. For instance,
age accounts for only about 2% of variance in the
performance of Digit Span scores within the general
population, although the backward component can

be more difficult, as it draws more heavily on the
executive functioning aspects of working memory.
Aging also appears to have minimal influence on
vigilance, such as measured by errors of omission
on CPT tasks, although there is some evidence that
commission errors may increase, perhaps reflecting
more difficulty with response inhibition. Among at-
tentional tasks, age appears to have a stronger effect
on cancellation tasks such as the Digit Vigilance task.
This may in part be secondary to changes in pro-
cessing speed, as most cancellation tasks require
rapid performance. (This possibility also illustrates
the dangers of interpreting scores from an individual
test in isolation, e.g., impaired versus intact perfor-
mance on measures of psychomotor/processing
speed would appropriately affect interpretation of
impaired scores on a cancellation task purely in
terms of attentional difficulties.)

Screening versus Comprehensive
Assessment

One common concern that arises in applied settings
is that a comprehensive neuropsychological evalua-
tion may require several hours to complete. Indeed,
due to changes in managed care and health-care
reimbursement patterns, many clinical neuropsycho-
logists are under increasing pressure to streamline
cognitive assessments. There are many contexts in
which full and comprehensive neuropsychological
evaluation is clearly warranted, and the time is easily
justified. For other situations, such as general or
routine screening, however, there also exist shorter
screening methods.

The Folstein Mini Mental State Examination
(MMSE) is probably the most widely used cognitive
measure in medical and psychiatric settings. The
MMSE is a 30-item measure that includes items
related to orientation, attention/working memory,
recall, language and constructional skill. Advantages
of the MMSE include ease and time of administra-
tion (it can be administered by trained staff, and it
generally requires 10 minutes or less), and because it
is so widely used, most clinicians have a general sense
of what to expect from patients with MMSE scores
in various ranges. It also can be frequently repeated
to document the course of cognitive decline. Due to
these aspects, the MMSE is a useful (if imperfect)
tool to include in general clinical evaluation, partic-
ularly with older adults. It must be noted, however,
that the MMSE items are quite easy for cognitively
intact or even mildly impaired individuals, and it
is strongly influenced by education. Thus, a key dis-
advantage is that it is often insensitive (having a high
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false-negative rate) as a general cognitive screening
tool. Even people with AD sometimes score in the
normal range of the MMSE, particularly those with
high levels of education in the earlier stages of the
disorder. Moreover, the MMSE tends to be even
less sensitive to some other forms of neurocognitive
deficits, such as subcortical dementias, e.g., dementia
due to Parkinson’s disease, or Huntington’s disease.
Finally, the MMSE fails to assess the domain of exe-
cutive functioning, which may be among the most
important in terms of ability to function independ-
ently, and is commonly affected by a number of
neurocognitive disorders.

An intermediate choice between a very brief
screening tool such as MMSE and a full compre-
hensive neuropsychological evaluation is a somewhat
more comprehensive and sensitive screening battery.
For instance, the Repeatable Battery for Assessment
of Neuropsychological Status (RBANS) requires
about 30 minutes to administer and screens for defi-
cits in a number of cognitive functions of frequent
interest. Another widely used option is to administer
a subset of standard neuropsychological tests, either
several tests from a cognitive domain of particular
relevance to the presenting concern or one brief test
from every major cognitive domain. More recently,
computerized cognitive screening tests such as the
MicroCog have been developed; they reduce time
and administration burden. In any of these cases,
there is clearly a tradeoff between savings in admin-
istration time versus depth and breadth of assess-
ment. Nonetheless, these options are important to
keep in mind, as wider or more routine incorporation
of neuropsychological screening into standard clini-
cal practice can be very useful when working with
older patients, yet may often be avoided by some
clinicians due to concerns about lengthy testing. By
integrating a clinical neuropsychologist into the
treatment team, and/or with clear communication
between the referring clinician and the neuropsycho-
logist, an effective and appropriate balance can
generally be found to meet the needs and limitations
of any particular clinical context.

Expanding Role of Neuropsychology in
Treatment

Information garnered from such neuropsychological
assessment can be an extremely valuable component
of treatment in and out of geriatric health-care
settings, including in those with neurologic, psychi-
atric, and general medical conditions that may affect
cognition directly or through the effects of the pri-
mary treatment. Sometimes simply documenting the

nature of specific cognitive deficits can be a substan-
tial relief to patients and/or their family members.
For example, some of the disinhibition that may
be associated with executive dysfunctions can be
particularly distressing to a patient’s family mem-
bers. Identification and explanation of the nature
of executive dysfunction can be therapeutic for the
family, as the behaviors are then recognized as un-
intentional. Identification of cognitive deficits and
strengths (or at least relative sparing) is key to
designing effective rehabilitation strategies, including
teaching patients to rely on their strengths, as well as
to planning environmental changes to diminish the
potential influence of cognitive deficits.

Beyond compensatory strategies, direct treatment
of cognitive deficits is itself an area of growing in-
terest. For instance, cholinesterase inhibitors are
now considered standard care for people with AD.
Whereas presently available compounds convey at
best modest and temporary benefits, there are re-
search efforts underway to develop more efficacious
treatments. As such treatments emerge for AD and
other disorders, repeated cognitive evaluation will be
key to documenting reversal (or at least delay of
the progression) of cognitive decline. Likewise, there
are emerging government, academic, and industry
collaborative efforts, such as the MATRICS (Mea-
surement and Treatment Research to Improve
Cognition in Schizophrenia) and the TURNS (Treat-
ment Units for Neurocognition in Schizophrenia)
projects to foster development and evaluation of
cognitive enhancing medications for the neuro-
cognitive deficits associated with schizophrenia. As
was noted previously, cognitive deficits have the
most direct influence on level of everyday functioning
and outcome; thus, as pharmacologic and other
interventions for targeting cognitive deficits in a
range of conditions begin to emerge, the importance
of neuropsychological assessment will continue to
expand as a means of gauging treatment needs and
treatment effectiveness.

Summary and Conclusions

This article only briefly discusses the current and
potential relevance of a neuropsychological per-
spective in the care of geriatric patients. Nonetheless,
several key points are: (1) clinical neuropsychology
is a unique discipline combining expertise from an
array of disciplines relevant to systematic evaluation
of brain—behavior relationships and patterns of spe-
cific neurocognitive strengths and weaknesses, and
involves more than administration of standardized
cognitive tests; (2) such evaluation can provide valu-
able information in detecting functionally relevant
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cognitive deficits, differential diagnosis, determining
the impact of known neurologic insults, and deter-
mining the speed and trajectory of cognitive decline
or recovery, as well as in differentiating pathological
changes from those associated with normal aging;
(3) neuropsychological assessment has clear utility
in the care and treatment of not only neurologic
patients, but also those with psychiatric disorders
and many other medical conditions; (4) there are
numerous neuropsychological domains, and specific
tests have been developed to assess these domains;
(5) some age-related neuropsychological changes,
such as declines in processing speed, are expected,
whereas other cognitive abilities, such as crystallized
verbal skills, should remain relatively intact over the
life span; (6) comprehensive neuropsychological
evaluations assess a wide variety of specific cognitive
abilities, but a balance must be struck between com-
prehensive assessment and the need for time-efficient
screening methods; and (7) neuropsychological
evaluations are likely to continue to be important
as newer treatments are developed for cognitive
difficulties of various conditions. In short, clinical
neuropsychological consultation can provide unique
and valuable information to clinicians working with
older patients.
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Glossary

Advanced Glycation End Products (AGEs) — Modi-
fied proteins or lipids, late products of non-
enzymatic glycation and oxidation reactions.

Atherosclerosis — An inflammatory fibroproliferative
disease of large arteries, of humans and most other
species, that underlies almost all human coronary
heart diseases, as well as many other cardiovas-
cular diseases.

Chemokines — A subfamily of small cytokines (8-10
kDa), mostly known for their chemotactic prop-
erties, but recently shown to be involved in the

See also: Brain and Central Nervous System; Information
Processing/Cognition; Memory; Neuroimaging (MRI,
PET).
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control of cell proliferation, survival, and dif-
ferentiation.

Cytokines — A family of secreted molecules with
a role in many biological processes, such as cell
activation, growth and differentiation, inflamma-
tion, and immunity.

Fibrous Cap Atheroma - An advanced stage of
progressive atherosclerotic lesions characterized
by a well-formed necrotic core with an overlying
fibrous cap.

Hyperlipidemia — Elevated triglyceride or low-density
lipoprotein (LDL) cholesterol levels and multiple
lipoprotein metabolic abnormalities.

Inflammation — A series of responses of vascularized
tissues to injury, i.e., stimuli or insults. It includes
alteration of hemodynamic and vascular permea-
bility and consequent infiltration of leukocytes.
Inflammatory factors have recently been shown to
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be produced by vascular cells and regulate their
functions predisposing the vessel wall to an en-
hanced response to injury.

Intimal Xanthoma (Fatty Streak) — Accumulation of
macrophages and lymphocytes within the thick-
ened intima, without a necrotic core or fibrous cap.

Tunica Intima — A layer of endothelial cells lining the
vessel lumen, in direct contact with the blood flow,
separated from the tunica media by the internal
elastic lamina.

Tunica Media — Middle layer of the vessel wall con-
taining mostly smooth muscle cells interspessed
with elastic lamallae.

Introduction

The average age of the population of Western coun-
tries is increasing. Demographic data show that in the
United States, for example, 35 million people
are now 65 years of age and older, and this number
will double in 2030 (Figure 1). Although data from
epidemiological studies have discovered that lipid
levels, diabetes, sedentary lifestyle, and genetics are
risk factors for cardiovascular diseases (CVDs) such
as atherosclerosis, hypertension, congestive heart fail-
ure, and stroke, advancing age confers the major risk.

This article first describes the development of the
atherosclerotic lesion in the context of the emerging
role of inflammation, then reviews some of the
epidemiological data that support the notion that
aging is the major risk factor for atherosclerosis. Fi-
nally, it summarizes the age-associated changes within
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Figure 1 The demographic imperative of aging. Population of
United States from 1900 to 2030. The white bars represent peo-
ple 65 years of age and older; the black bars represent individuals
85 years and older. Data replotted from the US Census Bureau
data, with projections for 2030. Reproduced with permission from
Spinetti G. et al. 2004 Rat aortic MCP-1 and its receptor CCR2
increase with age and alter vascular smooth muscle cell function.
Arteriosclerosis, Thrombosis, and Vascular Biology 24: 1397—
1402, Lippincott Williams & Wilkins.

the vessel wall in humans and experimental animal
models and discusses how specific pathophysiological
mechanisms become superimposed on vascular subst-
rates that have been modified by aging, therefore
conferring upon age, per se, the role of the major risk
factor for CVDs.

Pathogenesis of Atherosclerosis

Development of Atherosclerosis and Progression
to Thrombosis and Clinical Events

Cardiovascular diseases are the leading cause of mor-
tality in Western societies. Among these, athero-
sclerosis, a progressive disease in which lipids and
extracellular matrix components accumulate in the
large arteries, represents one of the most impor-
tant contributors. The traditional view of the athero-
sclerotic lesion as a pool of lipid debris embedded in
vascular smooth muscle cells (VSMCs) has dramat-
ically changed in the past decade with the recognition
of a prominent role for inflammation. This article
reviews the characteristics of atherosclerotic plaque
development and describes some new concepts asso-
ciated with inflammatory cells and molecules.

Recently, experts in the field have revised the clas-
sification scheme of the American Heart Association
(AHA) for atherosclerotic lesions. This new classifi-
cation scheme is consistent with the AHA categories
but does not imply an orderly, linear pattern in the
progression of the lesion, as was the case of the
former categories, and thus reflects the wide array of
morphological modifications that are evident from
recent autopsy studies. This article uses this morpho-
logical classification scheme.

The wall of large arteries is composed of three
layers: the tunica intima, tunica media, and adven-
titia (Figure 2). The circulating blood is in direct
contact with a monolayer of endothelial cells (ECs)
that constitute the first barrier of the intima. In hu-
mans in addition to ECs, the intima contains few
VSMCs, which are normally absent in most other
species, and extracellular matrix components. In
contrast, the medial layer is composed of VSMCs
and matrix, which is represented by elastin and col-
lagen. Two types of nonatherosclerotic arterial re-
modeling that can lead to atherosclerotic lesions are
diffuse intimal thickening and intimal xanthoma
(traditionally referred to as the fatty streak), al-
though both conditions can exist without progress-
ion. Intimal thickening is characterized by VSMC
accumulation in a proteoglycan-rich matrix, in the
absence of leukocyte transmigration and lipids. In
humans there are very few reports on the progression
of localized intimal thickening to atherosclerotic
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Figure 2 Schematic view of the development of an atherosclerotic lesion. (A) From the top to the bottom of the figure: the typical
structure of the arterial wall to the atherosclerotic plaque and its healing or complications. Details are described in the text. The yellow
circles represent leukocytes. (B) Photomicrographs of grossly normal human aorta. Original magnification: 100 x . Note that the
adventitia layer depicted in blue in the schematic view is not shown in the photomicrograph reported in panel B.

lesions. It is of note that, as reported by Velican, the
distribution of this normal, developmental localized
intimal thickening in children can be correlated with
the distribution of characteristic lesions seen in adult
humans. Moreover, a study from Kim et al. in swine
shows that atherosclerotic lesions produced in the
coronary by 90 days of feeding a hyperlipidemic
(HL) diet arise almost exclusively in the normally
occurring localized intimal thickening.

Intimal xanthomas are pre-atherosclerotic lesions
in which macrophages and lymphocytes accumulate
within the thickened intima without a necrotic core
or fibrous cap. The human xanthomas, in most cases,

can regress. In this respect, as shown by the afore-
mentioned study by Velican et al. and by the results
of the Pathobiological Determinants of Atheroscle-
rosis in Youth (PDAY) study, the distribution of
atherosclerotic lesions in the third decade of life and
beyond is very different from the intimal xanthomas
seen in children. Intimal thickening and xanthomas
are present in all human populations, but xanthomas
have been preferentially observed in association
with exposure to the Western diet. Several observa-
tions show that this arterial remodeling is mediated
by EC activation in response to risk factors such
as hyperlipidemia. The activated ECs mediate the
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recruitment of leukocytes by expressing adhesion
molecules, i.e., vascular cell adhesion molecule
(VCAM-1), P-selectins, E-selectins, and chemotactic
molecules, mostly belonging to the chemokine sub-
family of cytokines, that facilitate the rolling, adhe-
sion, and consequent transmigration of leukocytes.
Modified lipoproteins, i.e., oxidized phospholipids
and aldehydes, or cytokines, i.e., interleukin (IL)-1/
and tumor necrosis factor-o. (TNF-z), can induce
the nuclear factor-kB (NF-kB)-mediated increase in
VCAM-1.

Shear stress can modulate atherosclerosis forma-
tion. Laminar shear stress (>15dynes/cm®s ') is
known to have a protective role, while turbulent,
low shear stress (<S5 dynes/cm?”s) in regions of arte-
rial bifurcation can be pro-atherosclerotic. Several
studies report that genes associated with atheropro-
tection have shear stress responsive domains on their
promoters and ultimately can decrease EC apoptosis
and leukocyte transendothelial migration. Among
these laminar shear stress-induced genes are super-
oxide dismutase (SOD) and endothelial nitric oxide
(NO) synthase, both leading to increased nitric
oxide bioavailability. In addition, laminar shear
stress inhibits the expression of adhesion molecules,
e.g., VCAM-1, and possibly the activation of pro-
apoptotic factors, e.g., caspases. Moreover, laminar
shear stress downregulates the chemokine monocyte
chemotactic protein-1 (MCP-1/CCL2) gene expres-
sion by ECs, potentially maintaining atherosclerotic
lesion-free areas under steady flow. In fact, this
chemotactic cytokine, MCP-1, through the activa-
tion of its receptor CCR2, can induce migration of
monocytes, lymphocytes, ECs, and VSMCs. Of note,
all these cells express MCP-1 during atherogenesis or
following balloon injury and can recruit other arte-
rial cells to migrate into the intima as well as recruit
leukocytes from the blood. Both transgenic and
knockout mice for MCP-1 and CCR2 have demon-
strated a role for these molecules in the pathogenesis
of atherosclerosis and intimal hyperplasia. Other
chemokines have functions similar to MCP-1 but
recruit and activate different classes of leukocytes
to the arterial intima. For example, T lymphocytes
migrate to the intima toward a concentration gradi-
ent of three other chemokines, inducible protein-10
(IP-10), monokine induced by IFN-y (Mig), and IFN-
inducible T cell a-chemoattractant (I-TAC), all of
which are induced by interferon-y (IFN-y), and bind
the chemokine receptor CXCR3. Chemoattraction
of mast cells, also found in the intima, is mediated
by another chemokine, eotaxin, which binds to the
CCR3 receptor. Once these leukocytes are resident
in the arterial intima they undergo modifications
that contribute to the potential development of the

atherosclerotic lesions. Monocytes acquire the char-
acteristics of tissue macrophages and express scaven-
ger receptors, CD36, on their surface, which permit
internalization of modified lipoproteins, causing
a transition of macrophages to foam cells. Macro-
phages also secrete cytokines and growth factors,
e.g., tissue factor (TF) and matrix metallopro-
teinases, that mediate the development of the
atherosclerotic process. Transmigrated T cells within
the arterial intima may encounter antigens, such
as oxidized low-density lipoproteins (ox-LDL), and
after activation these can produce cytokines that
also modify the function of other resident cells. In
addition, mast cells within the intima degranulate
and release, among other factors, TNF-z and
chymase. In summary, growth factors, proteases,
and cytokines, which include several chemokines,
play a crucial role in the transition to the atheroscle-
rotic lesion.

Pathological intimal thickening is the first evidence
of progressive atherosclerotic lesions. This stage is
often referred to as an intermediate lesion and is
poorly defined. Virmani et al. histologically described
the pathological intimal thickening as a lesion with
some lipid accumulation but no evidence of necrosis.
A fibrous cap overlies the lipid area and is rich
in VSMCs and proteoglycans. Macrophages and
lymphocytes are sparse. At this stage, VSMCs may
change their phenotype and function and switch
from a so-called contractile to a synthetic phenotype,
losing their differentiated function as their contrac-
tile filaments are replaced by endoplasmic reticulum
and Golgi. Synthetic VSMCs proliferate and migrate
in response to growth factors and cytokines, and also
secrete extracellular matrix components and more
growth factors, cytokines, and proteases in a vicious
cycle. As the lipid core grows, activated leukocytes
secrete proteinases that degrade the extracellular
matrix and cytokines, such as interferon-y (IFN-y),
that inhibit the deposition of collagen. This process
results in a more definitive lesion, the fibrous cap
atheroma, in which a necrotic core is present, with
cholesterol, phospholipids, and triglycerides. At this
stage the fibrous cap is a distinct layer of connective
tissue that covers the lipid core. It is composed of
VSMCs embedded in extracellular matrix, and is in-
filtrated with macrophages and lymphocytes. Lesions
that are most likely to evolve toward rupture are
those defined as thin fibrous cap atheroma (<65 pum
thick). In this case the necrotic core is very large,
with observed presence of vasa vasorum, hemorr-
hage, and/or calcification, and the fibrous cap has
lost VSMCs, matrix, and the inflammatory infiltrate.

The most advanced stage of atherosclerosis,
the lesion with thrombi, can be the result of three
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different processes: rupture, erosion, and, less fre-
quently, calcified nodulation. When an atheroscle-
rotic plaque ruptures, a defined area of the fibrous
cap is disrupted, and coagulation molecules that are
present in the blood may come into contact with
TF produced by the leukocytes in the lipid core,
which causes thrombosis. If the local conditions
are prothrombotic and profibrotic, the formation
of an occlusive thrombus can cause an acute coro-
nary event. Alternatively, factors associated with the
thrombus, such as thrombin, platelet-derived growth
factor (PDGF), and transforming growth factor-f
(TGF-ff) may mediate the healing and induce col-
lagen deposition and VSMC proliferation, leading
to an advanced fibrous and often calcified plaque.
Plaque ruptures are the most common cause of death
in young men (<50 years of age) and in older
women (> 50 years), and are found in the 60% of
people dying of sudden luminal thrombi. The type
of rupture caused by erosion is defined as the area
in which the endothelium is absent, with consequent
exposure of VSMCs and extracellular matrix. In
some cases the fibrous cap rupture results in a lesion
with a calcified nodule. The origin of this kind of
lesion is not well known, and it occurs more fre-
quently in areas of the arteries of maximal torsion
stress. Finally, examples of lesions not necessarily
associated with thrombi are fibrocalcific plaques,
characterized by a thick fibrous cap and extensive
accumulation of calcium in the intima. The necrotic
core, if present, is very small, pointing to these
lesions as a potential result of healing after plaque
rupture. More commonly, healed plaques show a
disrupted fibrous cap filled with VSMCs, proteogly-
cans, and collagen.

Inflammation: A Target of Novel Therapeutic
Interventions for Atherosclerosis

The most commonly accepted hypothesis for the
initiation of atherosclerosis assigns the most promi-
nent role to lipids. LDL cholesterol is undoubtedly
an important contributor and may be the permissive
factor for atherogenesis. In this regard, it is impor-
tant to note that the average levels of cholesterol
in Western countries most probably exceed the true
normal levels for our species, as suggested by evi-
dence in animal models and humans in agrarian
societies. With this consideration in mind, cases of
individuals with proven coronary artery disease and
with normal levels of cholesterol exist, and therapies
that target LDL cholesterol are effective in decrea-
sing coronary events by one-third over 5 years of
treatment.

Novel risk factors currently under consideration
are lipoprotein (a), oxidant stress by angiotensin II
(Angll), and infectious agents. Studies that have
addressed the role of infectious agents in athero-
sclerosis, of which Chlamydia pneumoniae has been
the primary focus, thus far have given inconclu-
sive results. New classes of atherosclerotic drugs in-
clude inhibitors of hydroxymethylglutaryl coenzyme
A (inhibitors of HMG CoA reductase, or statins),
angiotensin-converting enzyme inhibitors (ACE), and
angiotensin receptor blockers (ARBs).

Statins inhibit HMG CoA reductase, the enzyme
that catalyzes the rate-limiting step in the synthesis
of cholesterol. In addition, statins also have a pleio-
tropic effect and can alter many cellular processes, at
least at high concentrations in vitro. This is due, in
part, to the inhibition by statins of polyisoprenoids,
other bioproducts of the cholesterol synthesis path-
way. When these polyisoprenoids are linked to pro-
teins, they generate prenylation and alter the protein
function. One target of prenylation is the Rho
family of small G-proteins, important downstream
molecules in receptor-mediated signals that control
cell migration and proliferation. Therefore, the inhi-
bition of prenylation by statins has a direct effect
on cellular functions, independent of lipid lowering.
This inhibition of cellular migration and prolifera-
tion is especially important with respect to VSMCs
and their role in the atherosclerotic plaque stability.
It is important to note that the inhibition of
VSMC proliferation by statins is still controversial:
as plaque progression occurs, this inhibition could
be beneficial by interfering with development of
the lesion, while in the established atherosclerotic
lesion the lack of VSMCs may adversely alter plaque
stability. Other interesting effects of statins ob-
served in animal models are to decrease TF expres-
sion by macrophages and to increase NO synthase
expression.

Recent clinical trials suggest that blocking Angll
by inhibiting its activator ACE or its receptor-
mediated signals using ARBs can be beneficial
beyond the effect on blood pressure. Data from the
Heart Outcomes Prevention Evaluation (HOPE) trial
show that ACE inhibition therapy, at doses that had
little effect on blood pressure, significantly reduced
cardiovascular events. Blocking the angiotensin type
I receptor (AT;) by using ARBs can be very selective
and resulted in a better side effect profile compared
to ACE inhibitors as shown by recent clinical trials,
e.g., the Valsartan in Acute Myocardial Infarction
Trial (VALIANT), among others. One of the targets
of ACE inhibition or ARBs could be the ability of
Angll to produce pro-inflammatory molecules such
as IL-6 and MCP-1. Furthermore, ACE inhibition in
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rabbits with experimental atherosclerosis reduces
the activation of the transcription factor NF-xB,
an upstream factor in the production of IL-6 and
MCP-1.

Chronological development of pre-atherosclerotic
lesions occurs with advancing age. Intimal xantho-
mas have been observed in individuals in the first and
second decades of life, preatheromas in the second,
and fibroatheromas in the third decade and later.

The remainder of this article reviews the current
knowledge regarding the effect of aging on the arte-
rial wall and its emerging role as an independent risk
factor for atherosclerosis as well other CVDs.

Advancing Age Is the Major Risk Factor
for Vascular Disease

The incidence and prevalence of CVD increases ex-
ponentially with advancing age, both clinically and
subclinically, i.e., silent coronary atherosclerosis, and
have an important impact on morbidity and mortality
in Western society (Figure 3). Epidemiologists, geron-
tologists, and vascular biologists have teamed up
to define the risk of the aging process—exposure time
interaction with respect to the development of CVD
in apparently healthy humans and animal models.

Several explanations for the role of arterial aging
in atherosclerosis have been postulated. One is that
aging, per se, is a disease, but the fact that some
persons age without evidence of arterial diseases does
not support this hypothesis. Another is that the dose
of other risk factors for the development of age-
associated arterial diseases progressively increases
with advancing age, and moreover that aging is as-
sociated with increased exposure time to such risk
factors. A distinct but somewhat related view is that
the structure and function of the cardiovascular
system undergo age-associated changes that alter the
substrate on which pathophysiological disease mech-
anisms take place. Thus, in older persons mecha-
nisms that underlie age-associated changes in arterial
structure and function become partners with mech-
anisms linked to arterial diseases. This interaction is
further complicated by the genetic background, life-
style, and environment of each individual.

Human Arterial Structure and Function: Age-
Associated Changes

Increased Intimal Thickening as a Risk Factor for
Atherosclerosis Longitudinal studies are a power-
ful tool for understanding the aging process. These
studies follow apparently normal participants that
are selected for the absence of disease over many
years and keep track of their health status and
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Figure 3 The incidence and prevalence of cardiovascular dis-
ease increase with aging. (A) Prevalence of hypertension defined
as systolic blood pressure (BP) >140mmHg, diastolic BP
>90 mmHg, or current use of medications fro treatment of high
BP. Data are based on National Health and Nutrition Examination
Survey Il (1988—-1991), Burt VL, Whelton P, Roccella EJ, et al.
(1995) Prevalence of hypertension in the US adult population:
results from the Third National Health and Nutrition Examination
Survey, 1988—-1991. Hypertension 25: 305-313. (B) Incidence of
atherothrombotic stroke (per 1000 subjects per year) by age in
men (light gray bars) and women (dark gray bars) from the Fra-
mingham Heart Study. Data from Wolf PA and Lewis A (1993)
Conner lecture: contributions of epidemiology to the prevention of
stroke. Circulation 88: 2471-2478. (C) Incidence of coronary
heart disease by age in men (light gray bars) and women (dark
gray bars) from the Framingham Heart Study. Data from Kannel
WB, Wolf PA, and Garrison RJ (eds.) (1987) Framingham Study:
An Epidemiological Investigation of Cardiovascular Disease,
Section 34. NIH Publication No. 87-2703. Bethesda, MD: Na-
tional Heart, Lung and Blood Institute.

lifestyle habits, which could influence the onset of
age-associated diseases. Among these studies, the
Baltimore Longitudinal Study on Aging (BLSA), has
contributed to characterizing multiple aspects of
the effect of aging on cardiovascular structure and
function in a single study population.
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In humans, large elastic arteries, i.e., aorta and
carotid arteries, thicken and show increased dila-
tation with advancing age, and this remodeling
is observed in postmortem analysis to be present
mainly in the intima. The carotid wall intimal
media (IM) thickness increases two- to threefold
from 20 to 90 years of age, but heterogeneity among
older individuals is very prominent. Data show that
this remodeling occurs in the context of EC dysfunc-
tion, but no detailed information is available yet.

IM thickening at a given age predicts the presence
of silent coronary artery disease (CAD) (Figure 4B),
which often progresses to clinical CAD. Interestingly,
the difference in IM thickening between young and
old individuals in the absence of CAD exceeds the
difference among older persons free of disease and
those with evidence of CAD. These data from the
BLSA suggest that IM thickening is a risk factor for
atherosclerosis and is strongly influenced by aging.
Several other studies on individuals not previously
screened for the absence of occult CVD have also
shown that increased IM thickening is a predictor
of cardiovascular events. Consequently, the degree of
risk varies with the degree of thickening (Figure 4C),
and the IM thickening is as potent a predictor of the
development of disease as other traditional risk fac-
tors, such as LDL levels, diabetes, smoking, blood
pressure, and atrial fibrillation (Figure 4D).

It is important to note that age-associated IM
thickening also occurs in nonhuman primates and
rodents in the absence of lipid infiltration or other
evidences of atherosclerosis (Table 1). Therefore, the
excessive IM thickening in humans with advancing
age, in the absence of evidence for plaque, is not
necessarily a manifestation of early atherosclerosis,
but rather is attributable to arterial aging. This,
combined with age-associated endothelial dysfunc-
tion, vessel stiffening, and changes in arterial pulse
pressure, may lead to age-associated diseases. Thus,
in Western societies the atherosclerotic plaque is
activated by additional risk factors such as hyper-
tension, smoking, dyslipidemia, diabetes, diet, and
genetic factors that interact with aging of arteries.
Evidence in rabbits and nonhuman primates supports
this hypothesis: in these models an atherogenic diet
that leads to equivalent increases in plasma lipids for
a fixed period of time causes more severe arterial
lesions in older than in younger animals.

Arterial Stiffening and Pressure During aging the
IM thickening in both men and women is accom-
panied by increased stiffness of central arteries
(measured as pulse wave velocity [PWV]), a decrease
in compliance, and luminal dilatation. Arterial
stiffening, reflected as an increase in PWYV, is often
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Figure 4 (A) The common carotid intimal medical thickness in
healthy BLSA volunteers as a function of age. Data from Nagai Y,
Metter J, Earley CJ, et al. (1998) Increased carotid artery intimal-
medial thickness in asymptomatic older subjects with exercise-
induced myocardial ischemia. Circulation 98: 1504-1509. (B)
Common carotid intimal medial thickness as a function of age,
stratified by coronary artery disease (CAD) classification. Re-
printed from the same article of panel A. (C) Common carotid
intimal medial thickness predicts future cardiovascular events in
Cardiovascular Health Study (CHS). (D) Comparison of the asso-
ciations of age- and sex-adjusted risk factors with the combined
event of stroke or myocardial infarction in Cox proportional haz-
ards models in the CHS study. Note that intimal medial thickness
is a potent risk factor for future cardiovascular events. IMT, intima-
media thickness, per 1 SD; DBP, diastolic blood pressure, per
11.3mm Hg; SBP, systolic blood pressure, per 21.5mm Hg; LDL,
low-density lipoprotein; HDL, high-density lipoprotein, per 1 SD;
Diabetes and AF, atrial fibrillation, per yes vs. no. C and D are
reprinted from O’Leary DH, Polack JF, Kronmal RA, et al. (1999)
Carotid-artery intima and media thickness as a risk factor for
myocardial infarction and stroke in older adults: Cardiovascular
Health Study Collaborative Research Group. New England
Journal of Medicine 340: 14-22, Massachusetts Medical Society.
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Table 1 Arterial remodeling with aging and atherosclerosis

Humans (>65yrs)  Monkeys (15-20yrs)  Rats (24-30mo)  Rabbits (3-6yrs)  Atherosclerosis
Lumen dialation + + + + ?
1 Stiffness + + + T +
Endothelial dysfunction + + + 4 +
Diffuse intimal thickening + + + + +
TVSMC + + + + +
TMacrophages + - — - +
1T lymphocytes + - — - +
1 Matrix + + + + +
Lipid involvement - - - — +
MMP dysregulation + + + + +
1CAM ? ? + ? +
1TGFB ? + + ? +
TMCP-1/CCR2 + + + + +
TNADPH oxidase ? ? + ? +
| Nitric oxide bioavailability — ? ? + + +
1 Local ANGII-ACE + + + + +

attributed to changes in the vascular media, such as
increased collagen, reduced and fragmented elastin,
and calcification. Increased PWV with aging has been
observed in humans in the absence of atherosclerosis,
but more recent data show that atherosclerosis and
diabetes contribute to increased large vessel stiffness.
Therefore, arterial stiffening may be mediated not
only by matrix changes but also by EC dysfunction,
observed in the aforementioned pathologies, and con-
sequent compromised regulation of VSMC tone. It
has been shown that endothelial function is altered
from the sixth decade of life, concomitant with
observed elevations in pulse pressure. Both elevated
pulse pressure and PWV are now known to be in-
dependent risk factors for cardiovascular events. It
has been hypothesized that nonenzymatic glycation
of extracellular matrix components could lead to
cross-linking of such molecules and participates in
increasing arterial stiffness in aging and diseases. For
example, nonenzymatic cross-linking of collagen due
to advanced glycation end products (AGEs) results
in stiffer fibers and consequently less distensible old
arteries, in which the resident cells, ECs and VSMCs,
have modified migratory and proliferative capacities.
Of note, a new thiazolium derivative, ALT-711, that
is able to break AGE-derived cross-linking, has an
effect in reducing age-associated arterial stiffness and
compliance in rats, nonhuman primates, and humans.

Age-Associated Molecular and Cellular
Changes within the Arterial Wall

Increasing data support the notion of age-associated
arterial remodeling as an inflammatory response that

creates a metabolically active environment where
diseases can flourish. Age-associated arterial remod-
eling shows similar characteristics at the cellular and
molecular levels in all species, from rodents and non-
human primates to humans (see Table 1). As noted,
the mechanisms involved in this remodeling likely
confer upon arterial aging the status as the major
risk factor for arterial diseases. Specific facets of
age-associated remodeling include luminal dilation,
thickening of the intimal and medial layers with
cellular and extracellular matrix reorganization, in-
creased stiffness, and endothelial dysfunction (Table
1 and Figure 5A). Studies have shown that diffuse
intimal thickening with aging is characterized by
accumulation of fibronectin, collagen, and VSMCs,
with an increase in matrix metalloproteinase-2
(MMP-2) expression. In addition, aortic intracellu-
lar adhesion molecule (ICAM) and TGF-f1 expres-
sion markedly increase with age and localize to
MMP-2-positive staining areas. Arterial aging is also
characterized by an increase in NAD(P)H oxidase
activity, reactive oxygen species (ROS) production,
and a reduction in NO bioavailability (Figure 6
and Table 1). Moreover, increased arterial levels of
pro-inflammatory cytokines, such as MCP-1, TNF-«
and IL-6, accompany aging.

Several of the molecules listed above that are
changed with advancing age within the arterial
wall are under the control of the Angll signaling
system (Figure 6). Aortic ACE activity is increased in
rodents and non-human primates with advancing
age. Moreover arterial Angll itself increases in
these animal models and colocalizes with ACE
and MMP-2. Recent data show that other compo-
nents of the Angll system are also changed with age,
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Figure 5 (A) Morphometric changes in the aortic wall of rats showing significant aortic intimal thickening in old rats (upper), as
compared with young rats (lower). m, media; a, adventitia. Arrows show the internal elastic lamina. (B) Representative aortic sections
from 2-, 8-, and 30-month-old rats stained with an antibody against MMP-2 and MT1-MMP, a tissue activator for MMP-2. The antibody
stains brown. L, lumen; M, media. (C) Chemotaxis in response to a PDGF gradient is increased in early passage VSMCs from the aortic
media of old rats compared with those from younger rats. VSMCs within the older aorta are primed to respond to the growth factor.
Reprinted, and replotted in the case of panel C, from Lakatta EG (2003) Arterial and cardiac aging: major shareholders in cardiovascular
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disease enterprises: part lll: cellular and molecular clues to heart and arterial aging. Circulation 107: 490-497.

and, in particular angiotensinogen and AnglI recep-
tor type 1 (AT1R), are increased. Of note, chronic
administration of ACE inhibitors ameliorates or de-
lays some aspects of age-associated arterial changes,

such as intimal thickening and matrix remodeling.
Thus, the local Angll system may play an important
role in the arterial remodeling that accompanies

aging.
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Figure 6 The potential role of the local angiotensin system in the vascular biology of aging. Schematic diagram of the angiotensin
pathway-associated molecules that have potential role in the aging vascular remodeling.

Vascular Smooth Muscle Cells

Studies in rodents show that the structural and bio-
chemical changes that occur within large arteries
with aging are accompanied by a shift of the VSMC
phenotype from the contractile to the synthetic state.
This less differentiated state of VSMCs is character-
ized by an increased proliferative and migratory
responsiveness to growth factors, as described in the
case of the VSMCs that participate in the athero-
sclerotic plaque development. Early passage VSMCs
isolated form older rats, for example, show exag-
gerated migratory capability in response to factors
such as PDGF-BB, while cells from the aorta of
young animals require many more passages in cul-
ture to give a similar response (Figure 5C). Synthetic
VSMCs are thought to migrate from the media,
invade the internal elastic lamina, and populate the

intima, contributing to the process of the thickening.
The involvement of cells from the circulation or resi-
dent ECs or VSMCs that undergo transdifferentia-
tion to a VSMC phenotype, expressing characteristic
markers, e.g., o-SMA, have not been demonstrated
yet but represent a potential mechanism for the age-
associated increase in VSMCs. Of note, while in-
flammatory cells are not detected in the arterial wall
of rat, rabbit, or monkey (Table 1), VSMCs and ECs
in the aged intima secrete inflammatory molecules.
Among those factors, chemokines can affect migra-
tion and proliferation of VSMCs, ECs, or macro-
phages. One chemokine known for its crucial role
in atherosclerosis, MCP-1, is also elevated in the
plasma of older persons in the apparent absence of
cardiovascular disease. Interestingly, recent studies
have shown that MCP-1 is also upregulated in the
aged rat aortic wall and regulates VSMC functions,
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Figure 7 (A) Aortic cellular components associated with

MCP-1. Immunofluorescence: double staining. MCP-1 (red, mid-
dle panels) increases in the rat aorta with age and localizes
mainly in the intima. The left panels show the staining with a
VSMC marker, a-SMA (green, upper panels), and an EC marker,
CD31 (green, lower panels). The merged images show that MCP-
1 staining colocalizes with CD31- and «-SMA-positive areas, as
indicated by the white arrows (upper and lower right panels,
yellow). L, lumen; M, media. (B and C) CCR2 and MCP-1 trans-
cript and protein expression increase during aging in vivo. (B) A
representative agarose gel showing the amplified cDNA frag-
ments by real time PCR analysis, normalized to the expression of
rRNA 18s. (C) Representative Western blot analysis on protein
extracts from rat aortae. CTR represents 50ng of recombinant
MCP-1 (upper panel) or protein extract from THP-1 monocytes
cell line (lower panel), normalized to the level of expression of
p-actin. m, months old. (D) MCP-1 pretreatment affects VSMC
invasion. VSMCs isolated from old rat aortae show increased
basal invasiveness in the absence of a chemoattractant, com-
pared to cells from younger animals. Treatment with MCP-1
(50 ng/ml for 24 h) increases the basal invasion potential of young
(8 months) VSMCs to the level of untreated VSMCs from old rats
(30 months). The CCR2 antagonist vCCI (150 ng/ml) blocked this
effect. Reprinted and remodeled from Spinetti G, Wang M,
Monticone R, Zhang J, Zhao D, and Lakatta EG (2004) Rat aortic
MCP-1 and its receptor CCR2 increase with age and alter vas-
cular smooth muscle cell function. Arteriosclerosis, Thrombosis,
and Vascular Biology 24(8): 1397—-1402.

suggesting a role for this chemokine in age-associated
vascular remodeling. Both the MCP-1 transcript and
protein are increased within the rat arterial wall and
are associated with ECs and VSMCs (Figure 7A).
Treatment of young rat VSMCs with MCP-1 can
increase their invasion ability in a receptor (CCR2)-
dependent manner.

The migration of VSMCs is dependent at least in
part on the activation of MMP-2 and degradation
of the extracellular matrix in which these cells are
embedded (Figure 5B). MMP-2 is secreted from ECs
and VSMCs as an inactive enzyme. Its activation is
dependent on the balance between membrane-bound
activator (MT1MMP) and tissue inhibitor (TIMP-2),
among other factors. Altered levels of these factors
have been observed in the arterial wall of older rats,
monkeys, and humans, leading to a marked increase
in MMP-2 with aging.

Interestingly, MMP-2 is one of the enzymes
responsible for the activation of TGF-f1, another
growth factor increased within the aged arterial
wall and a downstream product of Angll signaling
(Figure 6 and Table 1). Both circulating and arterial
TGF-f1 increase with aging, and within the arterial
wall TGF-f1 localizes mainly in the thickened intima
in the same areas of MMP-2.

Endothelial Cells

Several reports have described EC dysfunction within
the intima of older human and animal models. These
cells are enlarged and show evidence of polyploidy
and altered cytoskeletal arrangement and integrity
that is reflected in their impaired ability to migrate
and proliferate. The age-associated characteristics of
ECs have been linked to both apoptosis and telomere
shortening. In addition, adhesion molecule expres-
sion increases with aging in the rat aorta, and in-
creased monocyte adhesion has been observed in
the old rabbit vascular wall. Moreover, glycosamino-
glycans are found in the subendothelial intimal layer.
Glycosaminoglycans are important players in the
regulation of vascular permeability and can affect
the retention of macromolecules, e.g., ox-LDL. These
altered features of ECs in older arteries can be par-
tially responsible for the increased vulnerability to
the development of atherosclerotic lesions of old
arteries. In this regard it is interesting to note that
ECs from older donors secrete increased levels of
plasminogen activator-1 (PAI-1), an important pro-
thrombotic factor. Furthermore, ECs from old vessels
can secrete increased levels of Angll and endothelin,
two known vasoconstrictor factors, supporting the
role of Angll in the age-associated arterial remodel-
ing. Parallel reduction in the expression of molecules
with vasodilator properties, such as NO and pros-
tacyclin 2 (PGI2), occurs with advancing age. The
decreased NO bioavailability in the old rat, monkey,
and human arteries results in reduced endothelial
vasodilatation. Factors that can regulate the produc-
tion of NO, directly or indirectly, e.g., endothelial
NO synthase (eNOS) and NAD(P)H oxidase, are
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also changed with advancing age. The latter is a
major regulator of ROS generation in the vessel wall.
The expression of its p22phox subunit is increased in
the aged rat arteries, and the consequent increased
ROS can then sequester NO and thus contribute to
the diminished NO bioavailability (Figure 6). The
activation of NAD(P)H oxidase is also induced by
the triggering of the receptors of the family of the
RAGEs by their ligands, AGEs. AGEs are proteins or
lipids that have been irreversibly modified by non-
enzymatic glycation and oxidation. These products
increase with aging and have a potential role in
age-associated arterial remodeling. AGEs can signal
through the activation of the RAGEs. This activation
mediates not only the aforementioned NAD(P)H
oxidase activation, but also the production of TF and
cytokines, i.e., IL-6 and MCP-1, the recruitment
and activation of inflammatory cells, platelet aggre-
gation, EC apoptosis, and VSMC proliferation and
invasion. In addition to this function, AGEs have a
well-known role in cross-linking collagen and several
growth factors; this process is observed during aging
even in euglycemia.

Arterial Stiffening

The increased arterial stiffening observed with aging
is due, at least in part, to changes in an important
component of the extracellular matrix: elastin.
Elastin represents about 30% of the dry weight of
the arteries, and the integrity of its fibers allows the
correct stretch and recoil of the artery. Recently,
several reports have demonstrated that elastin not
only has a mechanical role in the arterial wall,
but also can affect VSMC proliferation, migration,
and vascular inflammation, since it acts as a growth
factor and cytokine reservoir. When the elastin fibers
are damaged, i.e., during aging, those molecules are
released in the microenvironment and directly affect
the VSMCs in the media. With aging, not only are
the elastin precursor, tropoelastin, mRNA levels
decreased, but also its degradation by MMP-2 is in-
creased in parallel, leading to a net reduction of
this important vascular tone modulator. As a result,
old arteries show fragmented elastin (Figure GA).
Another mechanism potentially responsible for the
increased stiffness is vascular calcification. Bone
formation-associated genes, i.e., bone morphogenic
protein-2 (BMP-2), osteopontin (OPN), and osteo-
nectin, are all expressed with advancing age within
the vessel wall, in addition to the bones. These
factors bind calcium and can influence transdif-
ferentiation of ECs and VSMCs to osteogenic and
chondrogenic phenotypes.

Summary and Conclusions

In summary, molecular, cellular, and structural age-
associated changes of large arteries resemble in many
ways those observed in the development of an early
atherosclerotic plaque (Table 1). But aging and
atherosclerosis are two clearly separate conditions,
as shown by the evidences in rodents and nonhuman
primates, in which the same remodeling is present
with aging in the absence of atherosclerosis. The pro-
inflammatory condition observed in the arteries of
such animal models, in the absence of leukocyte in-
filtration or lipid involvement, points to a new defi-
nition for inflammation in the context of the arterial
wall as a physiological process to maintain home-
ostasis that involves inflammatory molecules affecting
vascular cell functions. In humans the arterial changes
during aging become part of the risk associated with
advancing age of developing CVD and the increased
susceptibility to traditional risk factors, e.g., lipid-
rich diet, smoking, and diabetes. In conclusion, the
age-associated pro-inflammatory phenotype of the
arteries represents a highly responsive environment
for the development of age-associated CVD.

See also: Cardiovascular System; Cellular Aging: Growth
Factors and Cellular Senescence; Stroke.
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Glossary

Attentional Capacity — The ability to process infor-
mation quickly and/or the ability to process mul-
tiple stimuli or multiple tasks simultaneously.

Event-Related Potential (ERP) — A measure of electri-
cal activity on the scalp triggered by a particular
event.

Stroop Effect — When subjects take longer to name
the ink color of a presented word when it is in-
congruent with the meaning of the word than
when it is congruent.

Introduction

At any moment in time, our senses are flooded with
a diverse array of sights, sounds, smells, tastes,
and textures. We cannot deeply process all of these
stimuli, nor would we want to (most are irrelevant to

Velican D and Velican C (1980) Atherosclerotic involve-
ment of the coronary arteries of adolescents and young
adults. Atherosclerosis 36: 449-460.
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current goals). Therefore, it is imperative that we be
selective in which stimuli we process and which we
ultimately respond to. It is also imperative that we be
selective in which tasks we perform on these stimuli.
When hurriedly leaving the house, one needs to find
the keys without being distracted by other potential
tasks (e.g., reading the paper, cleaning the floor).

Control over cognitive processing, which is often
loosely called ‘attention,” becomes even more critical
as we age. Sensory and motor processes can slow
dramatically, further increasing the need for selectiv-
ity in which stimuli we perceive and respond to.
Fortunately, many forms of attention are preserved
with age. Other forms of attention, however, decline
with age, resulting in severe performance problems.
The purpose of this article is to review this important
area of research, highlighting reliable generalities as
well as unresolved issues.

Varieties of Attention

The study of attention is complicated by the fact that
it is not a unitary construct. There are many different
varieties of attention that are used in different situ-
ations and that are sensitive to different variables.
In the present article, we concentrate on three
important and widely studied varieties: attentional
capacity, attentional selectivity, and executive task
control.
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The scientific study of attention is based on many
years of theoretical and methodological develop-
ment. Progress has been driven in part by the
development of more precise quantitative methods
and more sophisticated brain-imaging techniques.
Despite this progress, not all theoretical controver-
sies have been resolved. For example, there is still no
consensus on whether there exist single or multiple
pools of attentional resources, or how bottom-up
(stimulus-driven) and top-down (goal-driven) pro-
cesses combine to drive spatial attention. Controver-
sies also abound in the study of aging and attention.
One commonly held theory is that the declines in
cognitive performance are due primarily to declines
in processing speed. We will revisit this widely held
but controversial hypothesis at several points. We
conclude that although there are situations in which
this proposal seems to hold, there are also replicated
studies in which it does not.

Much of the research discussed here is based on
the assumption that human cognition involves a
series of distinct mental operations. Stimuli impin-
ging on the sense organs (e.g., light on our retinas)
are converted into neural signals, which then under-
go a series of transformations, sometimes culmina-
ting in an observable response. Often these mental
processes are modeled as discrete (strictly serial)
stages, such as stimulus encoding, categorization,
response selection, and response execution. This sim-
plified stage framework allows one to ask whether
and how specific stages are influenced by attention.
One can also examine whether the effects of age are
general (influencing all stages equally) or specific to
certain stages.

Adult Age Differences in Capacity

The term ‘attentional capacity’ has been used in
many different ways by many different researchers.
Typically, it refers to the ability to process informa-
tion quickly and/or the ability to process multiple
stimuli or multiple tasks simultaneously. A multitude
of approaches have been used to assess capacity
and how it changes with age. In the following sec-
tions we review several prominent lines of research
on capacity and the conclusions they afford.

Simultaneous Presentation Dual-Task
Methodology

One way to assess an individual’s mental capacity is
to see how performance degrades as the number
of tasks is increased. The classic method is to com-
pare performance when two tasks are presented
simultaneously to performance when only one task is

presented. The net difference is often called the dual-
task cost. Typically, the primary task (e.g., word re-
call or visual search) and the secondary task (e.g.,
tone discrimination: high- versus low-pitched tones)
involve different sensory modalities. A common fin-
ding is that dual-task costs are substantial and in-
crease as the difficulty of either task increases. These
findings have been interpreted as evidence that the
task demands exceeded the available attentional re-
sources.

In aging research, simultaneous presentation dual-
task studies have consistently shown larger dual-task
costs for older than for younger adults. Furthermore,
this difference increases as the secondary task diffi-
culty increases. These results have been interpreted as
evidence that older adults have decrements in atten-
tional capacity. Craik and McDowd, for example,
examined age differences in divided attention when
participants performed a four-choice response time
(secondary task) while simultaneously attempting to
recall a list of words. Because dual-task costs were
larger for older adults than for younger adults, Craik
and McDowd concluded that older adults had fewer
processing resources to allocate to word recall.

Although these conclusions seem reasonable, the
interpretation of simultaneous presentation dual-task
data is subject to certain conceptual problems. In this
paradigm, people can trade performance between
the two tasks (doing one better at the expense of the
other). Such tradeoffs complicate interpretations of
the data, especially when performance is reported for
only one task (as is often the case). A further limi-
tation of this paradigm is that the single-task and
dual-task conditions are run in different blocks of
trials. Consequently, these conditions differ not only
in their capacity demands (dual-task vs. single-task),
but also in the number of tasks that must be prepared
and held in memory. The blocking of conditions also
invites unwanted strategic differences between con-
ditions (e.g., more effort or more cautiousness in
dual-task blocks than in single-task blocks).

Sequential Presentation Dual-Task Methodology

Another dual-task methodology for assessing capacity
is the sequential presentation method. The best-
known and most widely used variant is the psycho-
logical refractory period (PRP) paradigm. In the PRP
paradigm, two tasks (T1 and T2) are presented in
close succession with a variable stimulus onset asyn-
chrony (SOA). Participants are instructed to make
speeded responses to T1 and T2 (denoted R1 and R2,
respectively), and the response time (RT) for these
two tasks is referred to as RT1 and RT2. Typically,
RT1 is unaffected by SOA. A ubiquitous finding,
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Figure 1 A central bottleneck model. This model assumes that the task 2 central processing stage cannot start until the task 1 central
processing stage is completed. 1A, 1B, and 1C are, respectively, the prebottleneck, bottleneck, and postbottleneck stages of task 1. 2A,
2B, and 2C are the corresponding processes for task 2. SOA, stimulus onset asynchrony.

however, is that RT2 increases as SOA decreases
(i.e., as temporal overlap between tasks is increased).
This increase in RT2 has been termed the PRP effect.

PRP findings generally support the central bottle-
neck model, shown in Figure 1. This model hypo-
thesizes that peripheral processes (encoding and
response execution) can proceed in parallel for T1
and T2, but central processes (e.g., response selec-
tion) cannot. Thus, at short SOAs, T2 central pro-
cesses must wait for T1 central processes to finish.
This waiting produces the PRP effect on T2.

Sequential presentation dual-task methods (such
as the PRP paradigm) address the two conceptual
complications mentioned in the previous section on
simultaneous presentation dual-task methods. First,
sequential presentation (typically with same task
order on every trial) tends to encourage a consistent
dual-task strategy. Often, interference is restricted to
T2, so that there is no performance tradeoff between
tasks. Second, this approach uses several different
SOAs between the presentations of task 1 (primary
task) and task 2 (secondary task), mixed within a
single block of trials. Mixing minimizes unwanted
strategic differences between conditions. Because
participants must always prepare for both tasks
and hold both tasks in memory, this paradigm makes
it possible to isolate true dual-task costs from the
costs of preparing and maintaining two task sets in
working memory.

Most studies of aging and PRP effects have shown
evidence of larger PRP effects for older adults than
for younger adults. However, the theoretical inter-
pretations for this interaction differ widely across
studies. Allen et al. proposed an executive control
deficit that decreases the efficiency of switching be-
tween T1 and T2. Hartley and Little argued that
older adults do not have an executive control deficit,
but rather are less efficient in managing input inter-
ference and output interference. Finally, Glass er al.
proposed that older adults exhibit poorer task coor-
dination strategies. Although the Allen et al. and
the Glass et al. viewpoints both emphasize execu-
tive control deficits, they are based upon opposing
interpretations of PRP effects (the former is based
upon Pashler’s central bottleneck architecture and

the latter is based upon Meyer and Kieras’s execu-
tive process interactive control [EPIC] model). Con-
sequently, although there is some agreement that
older adults have difficulty in task coordination or
time-sharing, there is no consensus as to the specific
mechanisms involved.

Another major advantage of the sequential pres-
entation method is that it provides an independent
set of analytical tools to assess capacity — locus-of-
slack logic. This logic allows one to determine which
mental operations are capacity-limited (i.e., are sub-
ject to the processing bottleneck) and which are not.
For instance, to determine whether a particular T2
process is subject to the bottleneck, one can mani-
pulate the duration of that stage and measure the
interaction with SOA. If the manipulated T2 stage
occurs at or after the bottleneck, the effects should be
constant across SOAs (an ‘additive’ interaction; see
Figure 2A). If the manipulated T2 stage occurs before
the bottleneck, the effects should decrease as SOA
decreases (an ‘underadditive’ interaction, also known
as ‘absorption’ of a factor effect into ‘cognitive
slack’; see Figure 2B). Thus, by examining whether a
manipulation has additive or underadditive effects
with SOA, one can determine whether the corre-
sponding stage of T2 is subject to the bottleneck
(capacity-limited).

Research using locus-of-slack logic with younger
adults has revealed that perceptual processing (up to
identification, in the case of letters) is generally not
subject to the bottleneck. However, many subsequent
processes are subject to the bottleneck, including
response selection, memory retrieval, memory enco-
ding, mental rotation, and lexical access.

With these findings in mind, it is interesting to
ask whether the bottleneck has the same locus for
younger and older adults. Given the hypothesis of
reduced capacity for older adults, one might assume
that they would have a longer list of bottleneck
processes. In fact, the opposite appears to be true.
Allen et al. reported a study in which T1 was tone
discrimination and T2 was a lexical decision task
(word vs. non-word). The difficulty of T2 lexical
access was manipulated by choosing words with
either high or low frequencies of use in the English
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Figure 2 Predictions of a central bottleneck model. (A) Prolonging the central bottleneck stage in task 2 delays R2 at both short and
long SOAs. (B) Prolonging the prebottleneck stage in task 2 delays R2 at long SOAs but not at short SOAs. 1A, 1B, and 1C are,
respectively, the prebottleneck, bottleneck, and postbottleneck stages of task 1. 2A, 2B, and 2C are the corresponding processes for
task 2. S1, stimulus for task 1; S2, stimulus for task 2; R1, response for task 1; R2, response for task 2; SOA, stimulus onset asynchrony.
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language. Although word frequency effects on RT2
were roughly additive with SOA for younger adults,
they were underadditive for older adults. These
results suggest that lexical access was subject to
the bottleneck for younger adults, but not for older
adults. Furthermore, older adults actually showed
shorter dual-task RTs than younger adults, after
appropriately controlling for generalized slowing.
Thus older adults actually demonstrated greater
capacity than younger adults, at least with respect
to the lexical access stage. One explanation for this
surprising finding is that older adults have automa-
tized lexical access due to their far greater cumulative
experience with words.

An important question to address is why older
adults appear to exhibit capacity decrements in
simultaneous presentation dual-task paradigms yet
can exhibit capacity advantages in sequential pres-
entation dual-task paradigms. One possible expla-
nation is that simultaneous presentation methods
confound executive control effects (preparing for
two tasks, deciding which to do first) and capacity
effects (resource conflicts), whereas the sequential
presentation methods allow one to isolate capacity
effects. Perhaps much of the age deficit found in
simultaneous presentation divided attention tasks
is due to executive control effects rather than capa-
city effects. Consistent with this hypothesis, task-
switching studies (see later section on executive task
control) have often revealed evidence of executive
control deficits in older adults.

Coactivation

In the dual-task studies described previously, each
stimulus required a separate response. What would
happen if multiple, redundant stimuli were pre-
sented, each pointing to the same response (as when
using multiple clues to solve an entry in a crossword
puzzle)? In a laboratory study, for example, parti-
cipants might be asked to press a button if any stimu-
lus in the display is the letter “T’; will they respond
more quickly when there are two Ts in the display,
rather than just one? Typically, they do. This benefit
of multiple targets is commonly known as a ‘redun-
dant signals effect’ or just ‘redundancy gain.’

One possible explanation for redundancy gain
is that the redundant target stimuli are processed in
parallel, and the first one to reach the central execu-
tive triggers the corresponding response. In other
words, there is a sort of race between the stimuli. The
more runners in the race (the more target stimuli),
the faster the race will be completed (triggering a
response). As an analogy, if a businessman sends
two copies of a package, one by FedEx and one by

UPS, he has two chances to get a quick delivery. This
source of redundancy gain is typically referred to as
‘statistical facilitation.’

According to the race model just described, each
target stimulus is processed separately. In theory,
even more efficient parallel processing would be
possible if evidence from the different input chan-
nels could be combined together (as when a police
detective combines multiple lines of evidence to
conclude that a suspect is guilty). This summation of
evidence is referred to as ‘coactivation.” To provide
evidence of coactivation, it is important to first show
that the redundancy gain exceeds the amount of
statistical facilitation that could be produced by a
race between separate processes. Miller’s ‘race model
inequality’ provides just such a test:

P(RT<¢|S; and S;)<P(RT<#[S;) + P(RT<¢|S;) [1]

The race model inequality provides a very con-
servative test of the race model. It gives the maximum
amount of facilitation that a race could produce
under the most extreme assumptions (i.e., perfect
negative correlation between target detection times).
Despite the conservative nature of the test, violations
of this inequality have been frequently observed (at
least for simple tasks). In these cases, race models
can be discarded in favor of coactivation models.

Coactivation effects are thought to arise from
combined activations in decision stages. These are
the very stages that Cerella, in an influential meta-
analysis of age-related slowing, hypothesized to be
at the core of age deficits. Accordingly, one might
expect older adults to show less redundancy gain
and less evidence for coactivation. In actuality, older
adults tend to show larger redundancy gains than
younger adults. In 2005, Bucur et al. specifically
looked for evidence of coactivation in older and
younger adults. This study used the original para-
digm of Miller with a visual target (an asterisk) and
an auditory target (a tone). Interestingly, older adults
and younger adults both showed large violations
of the race model inequality, suggesting that both
groups benefited from coactivation. These results
have now been replicated and extended to conditions
in which targets were defined along two dimensions
of a visual target (e.g., shape and color).

The preserved redundancy gain and coactivation
in older adults suggest that they have not lost
any capacity to process multiple targets in parallel.
Note that this is the same conclusion reached by
PRP studies using locus-of-slack logic. These findings
contradict the widely held belief that age-related
slowing is due primarily to reductions in capacity.
We return to this issue in the conclusions section.
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Capacity as Speed

According to one school of thought, the slowing of
cognitive processing with advanced age is a direct
consequence of a decline in processing capacity. One
could argue that this statement is circular, though,
because there typically is no independent measure
of capacity other than processing speed. A way to
sidestep this circularity problem is to simply assume
that processing speed is synonymous with attentional
capacity. Evidence in favor of this view comes from
studies assessing statistical mediation using hier-
archical regression, path analysis, or structural equa-
tion modeling (SEM). The critical finding is that
processing speed (e.g., as measured by a digit-symbol
substitution task) mediates dual-task performance.
Not all attention studies find that processing speed
mediates age effects, however. Many studies continue
to find age x task complexity interactions even after
a measure of processing speed has been co-varied
out. Furthermore, Allen ef al. re-analyzed earlier data
reported by Salthouse and colleagues using SEM
techniques and showed that direct age effects per-
sisted independent of effects mediated by a common
factor (such as processing speed). Although the situa-
tion is complicated, there is now conclusive evidence
that common factors in SEM aging research are not
consistent across studies and that processing speed is
not a parsimonious synonym for attentional capacity.

Neurophysiology

Neurophysiological measures provide a direct win-
dow into central nervous system (CNS) function
(more so than RT and accuracy measures) and have
been profitably used to assess capacity and other as-
pects of human attention. Three functional measures
are widely used: (1) event-related brain potentials
(ERPs), (2) positron emission tomography (PET)
scanning, and (3) functional magnetic resonance
imaging (fMRI). Whereas ERPs have good temporal
resolution but poor spatial resolution, both PET and
fMRI methods have poor temporal resolution but
good spatial resolution. In some cases, researchers
employ both ERP and fMRI techniques to simulta-
neously obtain good spatial and good temporal res-
olution (this is referred to as multimodal imaging).
The ERP is a measure of electrical activity on the
scalp triggered by a particular event (e.g., the activity
following a stimulus or the activity leading up to
a response). Because the signal-to-noise ratio is
low, many trials must be averaged together to pro-
duce reliable data. The resulting average waveform
consists of a series of positive and negative deflec-
tions. Often this waveform is summarized in terms
of the amplitude and location of the individual peaks

(also known as components). The most investi-
gated ERP component is the P300 (a peak in positive
amplitude approximately 300 ms after stimulus
onset), thought to primarily reflect encoding and
categorization processes but not response processes.

ERPs have been used to study the effects of age on
cognitive performance. Bashore er al. conducted a
meta-analysis of studies that used P300 measures and
RT measures for a group of simple cognitive tasks.
They summarized the results using a Brinley plot
of older adults’ performance versus younger adults’
performance. For RT, the Brinley plot showed a slope
greater than one (1.27), but for P300 amplitude
values, the Brinley plot showed a slope close to
equality (0.95). This dissociation suggests that age-
related slowing with more-complex tasks is due to
response processes that take place after the central
operations that produce the P300. Note that the
P300 data did show an elevated intercept for older
adults, suggesting an encoding decrement that was
insensitive to task complexity.

Although ERPs have excellent temporal resolu-
tion, they have poor spatial resolution. When re-
searchers are interested in the spatial locus of
brain activity, they often utilize PET and fMRL
PET methods measure regional cerebral blood flow,
whereas the blood oxygenation level-dependent
(BOLD) response in fMRI measures oxygen uptake
from small blood vessels that nourish neurons. PET
methods are relatively invasive — they require either
injection or inhalation of radionuclides and relatively
long scanning times. fMRI methods are non-invasive
and therefore have become increasingly popular
compared with invasive methods.

In a study of age differences in attention, Madden
et al. found that older adults in a dual-task condition
showed greater regional cerebral blood flow in pre-
frontal cortex areas than did younger adults. These
findings, which have been replicated in several other
studies of executive control, have been interpreted as
a compensatory mechanism on the part of older
adults — recruiting prefrontal areas to make up for
deficiencies in other brain areas. Similarly, Cabeza
found that older adults show bilateral prefrontal
symmetry in cortical activation, whereas younger
adults show prefrontal lateral asymmetry. He con-
cluded that older adults recruit neurons from
both prefrontal hemispheres to compensate for less
efficient encoding. In 2005, Springer et al. provided
additional fMRI support for this hypothesis. For
younger adults, higher levels of education were
associated with greater medial temporal cortical
activation; for older adults, higher levels of educa-
tion were associated with greater prefrontal activa-
tion. These findings, along with those of Cabeza and
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DiGirolamo et al., suggest that older adults recruit
prefrontal regions so that executive control can com-
pensate for less-efficient peripheral processing.

In contrast to the many studies showing increased
prefrontal activity in older adults, West reported
evidence of prefrontal deficits in older adults. Part
of this discrepancy might stem from changes in
activity in subcortical areas connected to the pre-
frontal areas. Rubin, for example, suggested that
neural pathways between the prefrontal areas and
the basal ganglia resulted in basal ganglia-based
deficits being mistakenly labeled as prefrontal defi-
cits. Also, caudate nucleus and related subcortical
areas appear to be involved in controlling psycho-
motor processing speed. The effects of age on these
cortical-subcortical relations should be examined
with imaging techniques before the seeming para-
dox between prefrontal deficits and more active pre-
frontal recruitment on the part of older adults can
be fully understood.

Adult Age Differences in Selectivity

Thus far, we have focused on capacity, which is often
operationalized as the ability to process multiple
stimuli at the same time. In this section, we now
turn to the issue of attentional selectivity, which is
operationalized as the ability to process relevant
stimuli while ignoring irrelevant stimuli. Most of the
research discussed here concerns selection of visual
stimuli, as when searching for a specific visual target
among distractors (see Perception). Researchers often
attribute the enhanced processing of targets to the
application of ‘spatial attention’ (often described as a
‘spotlight’) to the location of the target object. There
is still disagreement, however, regarding whether
selective attention is directed to spatial locations or
to entire objects.

A distinction is often made between two quali-
tatively different modes of selection: top-down (di-
rected by the observer) and bottom-up (drawn by
stimuli in the environment). Bottom-up selection is
often referred to as ‘attention capture.’ It has been
shown that certain salient visual cues, such as a flash
of light, can automatically pull spatial attention to-
ward their location. It is considered automatic (not
initiated by top-down mechanisms) because it occurs
(1) very quickly (perhaps in less than 100 ms) and
(2) even when the observer knows with 100% cer-
tainty that the location could never contain a target.
A central issue concerns how endogenous (top-down)
and exogenous (bottom-up) control interact. A fairly
general consensus is that even though bottom-up
control of spatial attention is involuntary, it occurs
primarily for stimuli that match top-down control

settings. When looking for a red object (say, a red car
in a parking lot), other red objects can capture spatial
attention. When looking for a new object to appear
(e.g., a person to come around a corner), any other
abrupt visual onset can capture spatial attention.
Next we describe how selective attention changes
as adults age. A common finding is that older adults
show performances similar to those of younger
adults when top-down guidance is used and general
slowing is taken into account. However, in con-
ditions where there is less top-down guidance, older
adults may show poorer performance than younger
adults even after controlling for generalized slowing.

Top-Down Guidance of Visual Selection

When searching for an object, it often helps to have
advance information about the target (e.g., when
looking for one’s keys, it helps to know where they
might be and what they look like). Research suggests
that older adults are just as able (if not more able)
to utilize this top-down guidance of visual search as
younger adults. For instance, older adults are just as
able to use spatial cues that narrow down the pos-
sible target locations. Older adults also can benefit
just as much as younger adults from knowledge of
the likely identity of a target.

An important question is why older adults benefit
so much from top-down attentional control relative
to purely bottom-up attentional control. One possi-
bility is that top-down control allows older adults
to take advantage of their greater expertise in atten-
tional search from a lifetime of experience. An alter-
native explanation is that cuing and singletons
simply make tasks easier and that age differences
are lessened because task difficulty is lessened.

Visual Search

There is some evidence for age effects in visual search
for a target among distractors. Rabbitt, for example,
reported a card-sorting study (a type of visual search
task) with younger and older adults in which he
varied display size. As display size increased, older
adults performed progressively more poorly relative
to younger adults.

However, age differences in visual search are not
always found. When tasks require searching multi-
element displays in both static (non-moving) and
dynamic (movement) conditions (distributed atten-
tion), there are many cases in which older adults
continue to show preserved selective attention.
Kramer et al., for instance, found efficient search
for both younger and older adults in both static
and dynamic conditions. Also, Atchley and Kramer
found that older adults could search efficiently when
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a depth dimension was added. Hahn and Kramer
found that older adults were able to divide their
attention between two target locations while ignor-
ing distractor stimuli. Madden found that older
adults took longer to process spatial cues and shift
their attention across display locations, although this
slowing does not necessarily reflect selective atten-
tion deficits, per se.

Inhibitory Control and Selection

Rabbitt’s hypothesis that older adults exhibit a
search deficit because they are more distracted by
irrelevant stimuli than younger adults (a filtering
deficit) was elaborated upon by Hasher and Zacks.
These researchers proposed that the filtering deficit
reflects a very general inhibitory control deficit.
According to their theory, one consequence of this
deficit is an increase in the amount of task-irrelevant
stimuli stored in working memory.

This issue has been extensively investigated using
the well-known Stroop effect. The Stroop effect is
when subjects take longer to name the ink color of a
presented word when it is incongruent with the
meaning of the word (e.g., when the word ‘green’ is
presented in red ink) than when it is congruent (e.g.,
when the word ‘green’ is presented in green ink).
Older adults consistently show filtering decrements
in Stroop tasks, which has been interpreted as evi-
dence for inhibitory deficits.

It is possible, however, that some filtering prob-
lems in older adults are due not to inhibitory deficits,
but rather to enhanced automaticity. For example,
older adults’ greater word-reading expertise (from a
lifetime of practice) is likely to result in greater word
activation and greater interference on a Stroop task,
compared to younger adults. Interestingly, age dif-
ferences in Stroop interference are strongly attenu-
ated in a modified Stroop task in which the color
and the word belong to separate perceptual objects (a
color patch at one spatial location and a word at
another). Thus, older adults do not have a problem
inhibiting words when they are not the focus of
attention. Kramer and colleagues found in a number
of other filtering paradigms (e.g., negative priming
and inhibition of return effects) that older adults
do not show larger inhibitory control effects than
younger adults. Finally, Allen et al. examined visual
search in a two-position redundant signals paradigm
using ‘go’/‘no-go’ and two-choice tasks. A key pre-
diction of an inhibitory control account of age dif-
ferences in attention is that older adults should
make significantly more false alarms on ‘no-go’ trials
than younger adults. Contrary to this prediction,
Allen et al. found no age differences in ‘no-go’ false

alarms. They did, however, find age differences in
‘g0’ misses. Although the inhibitory control model
of age differences in attention is an intriguing hypo-
thesis, it does not appear that age differences in
selective attention are due to a general inhibitory
deficit.

Adult Age Differences in Executive
Task Control

At each moment, we face a wide array of stimuli,
each of which may afford a wide array of tasks.
Thus, executive control is needed not only for
selecting relevant stimuli, but also for selecting
relevant tasks — those that help us to achieve our
current goals. People have a remarkable ability to
flexibly reconfigure their mental task set in accord
with changing task demands. Although impressive,
this executive control is not without limits. Studies
have repeatedly shown that performance declines
when people switch between two tasks compared to
when they simply repeat the task. This switch cost
persists regardless of how much time people have
to prepare.

The classical method of studying task switching is
to compare the performance of pure task blocks
and alternating task blocks. As a concrete example, a
pure task block might include several repetitions of
an addition task, whereas an alternating task block
might contain an alternating sequence of an addition
task and a subtraction task. Rogers and Monsell
proposed an alternating runs paradigm. In that
paradigm, two tasks (‘A’ and ‘B’) are performed in
a mixed task block with a task sequence such as
AABBAABB, etc. One advantage of this design is that
task switches and task repetitions can be compared
within a single block of trials. Studies using this par-
adigm with younger adults have consistently found
relatively small switch costs with univalent stimuli
(associated with only one task), but large switch
costs with bivalent stimuli (associated with both
tasks). Bivalent stimuli provide no reliable task cue
and therefore place a heavy burden on internal task
control (e.g., inhibiting irrelevant task sets and/or
activating relevant task sets).

In this section we discuss the effects of age on
executive task control. One important distinction in
these studies is that between the costs of task swit-
ching (repeat vs. switch) and the costs of task mixing.
Mixing costs refer to slower task repetition per-
formance in mixed task blocks than in pure task
blocks (task A only or task B only); presumably, they
primarily reflect the cost of maintaining two task sets
in working memory rather than just one.
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Mixing Costs

Although younger adults tend to produce little or no
mixing cost, older adults often produce relatively
large mixing cost. This difference in mixing costs is
generally much larger than would be expected based
on generalized slowing alone. Kray and Lindenberger
proposed that the increased mixing costs reflect
general impairments in working memory. Mayr,
however, provided evidence that mixing costs are
maximized when the tasks share the same stimuli
and the same responses. Accordingly, he proposed
that older adults have a specific difficulty in updating
their internal control settings (differentiating between
tasks).

These findings have important implications for
dual-task methodology. As noted previously, the si-
multaneous presentation method involves comparing
dual-task blocks to single-task blocks. Thus, the costs
of mixing are confounded with the costs of temporal
overlap in processing (reflecting capacity). Given that
mixing costs increase with age, they alone might ex-
plain why overall dual-task costs often increase with
age. This consideration suggests that dual-task and
single-task conditions should be mixed within a
block, as in the sequential presentation method.

Switching Costs

Studies that isolated switch costs from mixing costs
have yielded inconsistent results regarding the effects
of age. Whereas a few studies have revealed age
effects on task switching after taking generalized
slowing into account, many others have not. Al-
though the source of the discrepancy is unclear, there
is some evidence that age effects are elevated for
tasks that impose a high memory load.

Why do mixing costs generally increase with age
even though switching costs do not? It is tempting to
conclude that older adults have difficulty maintain-
ing two task sets (due to reduced working memory
capacity) but have no difficulty switching between
them. Another (admittedly subtle) explanation, how-
ever, is that older adults do have difficulty task
switching and that this difficulty spills over to task
repetition trials as well. Consistent with this expla-
nation, note that older adults’ task switch perfor-
mance is generally very poor. It is only when one
compares this poor task switch performance to the
also poor task repetition performance (in the same
block) that there appears to be little net switch cost.
In this view, supposedly sophisticated attempts to
isolate switch costs from mixing costs can produce
misleading results. Arguably the best way to assess
overall executive task control deficits in older adults
is to study the sum of switch costs and mixing costs

(i.e., compare task switch performance with task
repetition performance from pure task blocks).

Conclusions

In the introduction to this article we noted that at-
tention is not a unitary construct — rather, it consists
of several distinct abilities, such as capacity, atten-
tional selection, and executive task control. It is
perhaps not surprising, therefore, that unitary theo-
ries of attention and aging have not held up to fur-
ther scrutiny.

Perhaps the most widely held view is that age dif-
ferences in performance are mediated by processing
speed (an operational definition of attentional capa-
city). Although processing speed clearly plays an
important role, there are documented cases of age
differences that are not mediated by processing
speed. Further evidence against this view comes
from findings of preserved capacity in older adults,
demonstrated by locus-of-slack and coactivation
studies. Thus, rather than simply alluding to a gene-
ral common factor (speed), component cognitive
processes (such as selective attention) must be taken
into consideration.

Another widely held theory of age differences in
selective attention is that older adults exhibit poorer
inhibitory control (a filtering decrement). Although
this approach does have some empirical support,
there are many cases in which older adults did not
demonstrate inhibitory control deficits. It appears
that age effects are due not only to deficits in in-
hibition (filtering) but also to deficits in activation
(focusing).

A third theory of age differences in attention is
the frontal lobe decrement model, based upon the
observation that older adults show loss of cerebral
volume of the frontal lobes. The theory is supported
by the finding of executive control deficits in cer-
tain task switching conditions. However, there is
mounting evidence that older adults do not show
frontal deficits. Both PET and fMRI imaging have
revealed greater bilateral prefrontal lobe recruitment
on the part of older adults, suggesting that older
adults use greater frontal activation to compensate
for decrements in other neural processing (e.g., tem-
poral cortex processing). Perhaps, for older adults,
part of what we refer to as expertise involves deve-
loping compensatory recruitment.

Since Rabbitt’s pioneering work on age differences
in attention, much has been learned. The bad news is
that age-related performance declines in capacity,
executive task control, and selective attention do
occur under many task conditions. The good
news, however, is that there are also many cases of
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preserved attentional functioning. In fact, there are
even documented cases of age-related improvement
in expertise, automaticity, and top-down attentional
guidance. Recognition of these positive influences
of aging might lead to explanations for some of
the lingering controversies in the study of aging
and attention.

See also: Adaptation; Perception.
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Glossary

Adrenergic — Having the properties of epinephrine or
norepinephrine (NE). Drugs that produce effects
similar to those of epinephrine are said to be adre-
nergic, as are nerve endings that release nor-
epinephrine and the cell surface receptors that bind
NE and epinephrine.

Baroreceptor Reflex — A mechanism for minute-to-
minute regulation of blood pressure (BP). Baro-
receptors located in arteries of the upper body
respond to a reduction in BP by signaling the brain
to activate the sympathetic nervous system, there-
by raising the arterial pressure.

Catecholamines — Any of various amines that func-
tion as hormones and neurotransmitters in the
autonomic nervous system, most notably epine-
phrine, norepinephrine (NE), and dopamine (DA).
The former British names for epinephrine and NE
are adrenaline and noradrenaline.

Cholinergic — Having the properties of acetylcholine;
refers to drugs that mimic acetylcholine (ACh),
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Mayr U (2001) Age differences in the selection of
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nerve endings that release ACh, and the cell sur-
face receptors in tissues that respond to ACh.

Neurotransmitter — A chemical substance that is re-
leased from nerve endings when the nerve fires. The
neurotransmitter diffuses across the small space of
the synapse and binds to a receptor located on an
adjacent cell, where it produces its physiological
effect.

Postural Hypotension — Reduced arterial pressure in
the upper body after rapidly standing upright.

Renin-Angiotensin System — A mechanism for longer-
term regulation of blood pressure and plasma
volume. A fall in arterial pressure or sympathetic
nerve stimulation causes release of renin from
the juxtaglomerular apparatus of the kidney. The
enzymatic action of renin causes the formation of
angiotensin II, a peripheral vasoconstrictor that
stimulates the release of aldosterone, facilitating
sodium and water retention by the kidney.

Introduction

The autonomic nervous system (ANS) controls in-
voluntary, vegetative, and visceral functions, inclu-
ding heart rate, blood pressure (BP), the motility and
secretion of the digestive system, the urinary bladder,
and aspects of sexual function. Some of the major
responses elicited by the ANS are listed in Table 1.
The responses of the ANS are involuntary. In con-
trast, the somatic nervous system controls voluntary
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Table 1 Autonomic responses in aging®

Sympathetic response

Parasympathetic response

Aging effect

Heart
S-A node
Conducting system

f1 increased heart rate
f1 increased

DECREASED HEART RATE
DECREASED

f1 response impaired
f1 response impaired

automaticity

Ventricles B increased force
Blood vessels

Arterioles ay CONSTRICTION

Arteries fo relaxation

Veins ap constriction
Eye

Ciliary muscle —

Iris o4 pupillary dilation
Lung

Smooth muscle f2 bronchorelaxation

Secretions o4 decrease; f§1 increase

Salivary glands
Fluid and electrolytes —
Proteins S increased secretion
Sweat glands
Palms and soles
General sweating
Gastrointestinal tract

o4 stimulation
Cholinergic stimulation
Decreased motility
Contract sphincters
Hepatic glucose o1, P2 stimulation
Qutput

Adrenal medulla Catecholamine secretion

AUTOMATICITY
f1 response impaired

— fo response impaired

Contraction for near vision —
PUPILLARY CONSTRICTION —

Bronchoconstriction —
Increase —

Increased secreation —

— Impaired sweating
Increased motility Increased motility
Relax sphincters —

@Bold capitals indicate SNS- or PNS-predominant tone.

responses of skeletal muscle. Somatic impulses arise
in the motor region of the cerebral cortex. Auto-
nomic impulses arise in the spinal cord, brain stem,
and hypothalamus. Autonomic impulses also receive
higher control from the limbic region of the cerebral
cortex.

There are three separate arms of the ANS: the
sympathetic nervous system (SNS), the parasympa-
thetic nervous system (PNS), and the enteric nervous
system (ENS). The SNS and PNS are under central
control and are distinct in details of their anatomy
and biochemistry. They are also partially opposing
in the nature of the physiological responses that they
provoke. Activation of the SNS produces a state
of arousal and readiness. The PNS generally governs
digestive and secretory functions, and the ENS is
a local nervous system within the gastrointestinal
tract.

General Description of the ANS
Anatomy of the ANS

The motor neurons of the somatic nervous system
arise in the spinal column, and their axons pass

directly to skeletal muscle without synapsing. The
outgoing fibers of the ANS also have their cell bodies
in the spinal column, but before reaching the target
organ, they synapse in one of the peripheral auto-
nomic ganglia. Thus, the autonomic pathway from
the spinal cord to target tissue consists of two neu-
rons: one preganglionic and one postganglionic.
Sympathetic fibers emerge from the thoracic and
lumbar regions of the cord and pass into one of the
sympathetic chain ganglia, which are located close to
the spine. Some fibers synapse in the chain ganglia.
This results in the spreading of the impulse to other
fibers both higher and lower in the chain. Other
fibers pass through the chain ganglia uninterrupted
and synapse in one of the two major peripheral sym-
pathetic ganglia, the celiac ganglion and the hypogas-
tric plexus. In general, the spreading of sympathetic
impulses leads to a diffuse activation. Often, many
sympathetic responses are elicited together. This is
ideal for a system that produces the fight-or-flight
state of arousal and readies the body for action.
Blood pressure and heart rate are elevated; glucose is
released into the blood; the pupils dilate and diges-
tion is inhibited. One more feature of the SNS aids in
its diffuse activation. Sympathetic fibers innervating
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the adrenal medulla stimulate release of epinephrine
and norepinephrine (NE) into the systemic circula-
tion. These two hormones stimulate a variety of
tissues expressing adrenergic receptors, including tis-
sues that are not innervated. Sympathetic activation
remains somewhat of a challenge to measure accu-
rately. In older adults, several techniques are used to
measure NE, including microelectrode implanta-
tion and sampling of ‘arterialized’ venous blood.

The organization of the PNS is simpler than that of
the SNS. Parasympathetic neurons emerge with the
cranial nerves or from the sacral region of the spinal
cord. They pass most of the way to their targets
before synapsing in ganglia that are located close
to or are imbedded within the target organs. The
postganglionic neurons are very short. The anatomy
of the PNS is designed for discrete activation. Para-
sympathetic responses are often evoked singly. The
ENS is composed of the myenteric plexus of Aur-
bach, which coordinates contractions of the gut, and
the submucosal plexus of Meissner, which controls
secretions. The ENS is under higher control from the
ANS. Sympathetic stimulation decreases intestinal
motility, reduces intestinal blood flow, and suppres-
ses mucosal transport. Parasympathetic innervation
promotes secretion of gastric acid and pepsin secre-
tion, increases gastrointestinal motility, and stimu-
lates water and electrolyte transport.

Neurotransmitters and Receptors of the ANS

There are three major types of synapse in the SNS
and PNS: the adrenergic synapse, located in the
target organs innervated by the SNS; the muscarinic
cholinergic synapse, in the target organs innervated
by the PNS; and the nicotinic cholinergic synapse,
located in the ganglia for both the SNS and PNS.
Consideration of the effects of age on the post-
synaptic receptors located in these synapses is im-
portant for two reasons. First, changes in the recep-
tors or postreceptor biochemical events play an
important role in the impairment of some autono-
mic responses with age. Second, these receptors are
the major targets for drugs affecting the ANS. Thus,
the response to many drugs may also be altered
with age.

Acetylcholine (ACh) is the neurotransmitter at
both the autonomic ganglia and parasympathetic
target organs. However, the postsynaptic receptors
are different at these two sites. The ganglionic
synapse is called nicotinic, and the PNS effector
synapse is called muscarinic, based on the ability
of the postsynaptic receptors to preferentially bind
either nicotine or muscarine. NE is the neurotrans-
mitter at sympathetic effector sites (see Neurotrans-

mitter and Neurotrophic Factors). The postsynaptic
receptor for NE may be either o- or f-adrenergic,
based on the preferential binding of certain agonists
and antagonists. Many clinically useful drugs have
been synthesized to specifically stimulate or block
o-adrenergic, f-adrenergic, and muscarinic choliner-
gic receptors. In some cases, the response to these
drugs is altered in senescence; this is discussed later.
Drugs that interact with the nicotinic cholinergic
receptors in the autonomic ganglia do not see wide-
spread clinical use. These drugs produce many un-
desired effects, as they affect both the SNS and
the PNS.

Autonomic Responses and the Principle of
Predominant Tone

As mentioned previously, the SNS and PNS often in-
nervate the same tissues. The responses of these two
arms of the ANS are opposing in some cases, but not
in all. When both the SNS and PNS innervate the
same tissue, one system may be more active at rest
than the other. In such a case, either the SNS or PNS
is said to exert a predominant tone. The most im-
portant examples of predominant tone are listed in
Table 1. The terms ‘resting tone’ and ‘intrinsic tone’
are synonymous with ‘predominant tone.’

An example of predominant tone is seen in the
control of heart rate. Activation of the SNS increases
heart rate, and activation of the PNS decreases heart
rate. At rest, the PNS is active and the SNS is in-
active. ACh is released in the heart and NE is not. As
a result, the heart beats slower at rest than it might if
there were no autonomic innervation. When the
subject is exercising, the situation is reversed. The
sympathetic drive is higher and the heart rate in-
creases dramatically. Thus, the predominant tone to
the heart is parasympathetic at rest and sympathetic
during exercise.

Predominant tone is important in considering
the actions of agonists (receptor stimulators) and
antagonists (receptor blockers). Agonists mimic the
effects of the neurotransmitter, directly stimulating
the receptor, and thus will always produce a re-
sponse. In contrast, antagonists are effective only
when an agonist or neurotransmitter whose action
can be blocked is present. As a result, antagonists
may have little effect on tissues in which there is no
predominant tone. Atropine (a muscarinic blocker)
blocks the action of ACh in lowering heart rate.
Propranolol (a f-adrenergic blocker) blocks the ac-
tion of NE in elevating heart rate. Atropine markedly
elevates heart rate in a resting subject, while propra-
nolol has little effect on resting heart rate in the same
individual (see Cardiovascular System).
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Anatomic Changes in the ANS with Age

A number of global changes occur in the human
nervous system with age. These changes affect the
ANS as well as other parts of the nervous system.
The weight and volume of the nervous system
reaches a maximum at puberty and later begins a
progressive decline beginning in middle age. Some
areas are relatively spared, such as the parietal lobes
and brain stem. In the peripheral nerves, there is a
loss in fiber number and a loss of myelination. The
number of neurons is reduced with age, although the
extent of loss has been difficult to assess in humans.
The remaining neurons have a reduced cell volume
and fewer dendrites. The most reliable marker that
has been identified for aging of the nervous system
is the accumulation of the fatty brown pigment lipo-
fuscin within the neuron. Lipofuscin is absent in the
neurons of newborns. Its accumulation increases
progressively until senescence, when 60-70% of
neurons contain inclusions.

In human autonomic ganglia, there is an age-
related increase in lipofuscin accumulation and
neurofibrillary tangles and a decrease in catechola-
mine content, as assessed by norepinephrine fluores-
cence. The number of cells is preserved in ganglia,
but there is a distinctive neuroaxonal dystrophy
characterized by large (5-30 um) swellings. The den-
sity of autonomic innervation has been difficult to
study in humans, so we have to rely mainly on an-
imal data. One human study found that sympathetic
innervation of the posterior tibial artery is reduced
with age. Animal studies are not in complete agree-
ment, but suggest that the sympathetic innervation
decreases in some tissues with age. For example,
arteries are more affected than veins.

Functional Changes in the ANS with Age
Sympathetic Nervous System

Circulating Catecholamines Circulating NE is in-
creased in humans with age and epinephrine is un-
changed. Most of the NE that circulates in the blood
derives from adrenergic nerve terminals. In contrast,
all of the epinephrine derives from the adrenal
medulla. NE released into the synapse either may
be degraded, reabsorbed by the same nerve terminal
that released it, or may spill out of the synapse and
eventually enter the systemic circulation. The possi-
ble explanations for increased NE levels in the eld-
erly include reduced clearance across the capillary
bed and increased release from sympathetic nerve
terminals. Most evidence points to the latter.
Circulating epinephrine and NE increase in re-
sponse to a variety of stimuli, including exercise,

standing upright, and a mental stress test. The in-
crease in NE is exaggerated in the elderly, but the
increase in epinephrine is not. Because the epineph-
rine derives from the adrenal medulla and the NE
mainly from adrenergic nerve terminals, one can
conclude that under a variety of conditions, NE
release resulting from sympathetic nerve activity is
increased in the elderly, especially elderly men. This
can be confirmed by measuring sympathetic nerve
activity more directly using the microelectrode tech-
nique; it is found to be increased in the elderly.

There are two reasons for the increase in the
release of NE in sympathetic nerve terminals. First,
sympathetic responses are impaired as a result of age
in a number of important target tissues. It is thought
that greater release of NE occurs in an attempt to
get an adequate response from these failing target
tissues. The second reason concerns the loss of sen-
sitivity in the baroreceptors. When pressure increases
in the carotid artery and some other vessels, those
vessels expand, activating the baroreceptors, which
in turn act to reduce sympathetic outflow. Reduced
sympathetic outflow reduces heart rate and peri-
pheral resistance, thereby correcting the original in-
crease in pressure. In older individuals, the vessels are
more rigid and do not stretch as much in response to
pressure. Thus, decreased baroreceptor sensitivity
contributes to elevated NE and may also contribute
to hypertension in the elderly. The vasoconstrictor
component of the baroreflex is as strong in the
elderly as in the young, despite the likelihood that
o-receptor response of the vessel decreases slightly
with age.

B-Adrenergic and a-Adrenergic Responses In the
heart, NE released from sympathetic nerves stimu-
lates -adrenergic receptors. These receptors mediate
increases in heart rate and in the force of contraction.
The impairment of these responses with age results in
a reduced ability to increase cardiac output during
exercise. Because cardiac output is a limiting factor
in exercise, exercise capacity is also impaired.
p-adrenergic stimulation of the heart is also required
for the postural hemodynamic response, which is
called into play when BP drops in the upper body,
such as after standing up rapidly. Thus, decreased
f-adrenergic responsiveness in the elderly contributes
to postural hypotension, or an inability to maintain
BP after standing up. The primary deficits with aging
are a 90% loss of sinus node cells between the ages
of 20 and 75 and an uncoupling of f-receptors in the
myocardium from the intracellular signaling required
to cause an increase in the force of contraction.
p-Adrenergic dilation of blood vessels is also im-
paired with age. Dorsal veins in the hands of elderly
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subjects display reduced relaxation in response to the
f-agonist isoproterenol after first being constricted
with the a-agonist phenylephrine. The response to
isoproterenol is reduced with age in terms of both
maximum response and sensitivity. The inherent
ability of the vessel to relax is not impaired with
age, as shown by the fact that dilation in response to
papaverine and nitroprusside is unchanged with age.

B-Agonists are useful in treating asthma because of
their ability to open the airways by causing a relaxa-
tion of bronchial smooth muscle. Adrenergic fibers
are associated directly with submucosal glands of
the lung and bronchial arteries, but not bronchial
smooth muscle. f-Agonists act indirectly by oppo-
sing the parasympathetic constriction of bronchial
smooth muscle. Adrenergic fibers innervate parasym-
pathetic ganglia and cause bronchodilation by inhi-
biting cholinergic output. Animal studies show that
f-adrenergic bronchodilation is impaired in aging.

o-Adrenergic responses are impaired with aging in
some but not all cases. In human arteries, og-stimu-
lated constriction is unchanged with age. In human
veins, the o-constriction is reduced with age. Both
the f-adrenergic stimulation of the heart and the a-
adrenergic constriction of veins contribute to the
postural hemodynamic response. Because both re-
sponses are impaired with age, the elderly experience
postural hypotension.

There is evidence in both animal and human stud-
ies that the SNS has a protective role against auto-
immune disease. In mice, the chemical destruction
of sympathetic nerve endings exacerbates various
experimental models of autoimmune disease. The
f-adrenergic agonist isoproterenol has a protective
effect against these same models of autoimmunity.
Thus, it is possible, although not proven, that re-
duced adrenergic responsiveness is involved in the
increased incidence of autoimmune disease in the
elderly.

Aging is accompanied by impaired temperature
regulation, resulting in increased susceptibility to hy-
pothermia and hyperthermia. Hyperthermia can re-
sult from reduced density of eccrine sweat glands
although there is no deficit in sudomotor activity
(sympathetic nerve activity leading to sweat glands).
Hypothermia may result from a decrease in non-
shivering thermogenesis. This impairment is due to
a decrease in the quantity of brown adipose tissue,
specialized adipose tissue that generates heat in re-
sponse to f$-adrenergic stimulation.

Parasympathetic and Enteric Nervous Systems

The predominant parasympathetic tone, or vagal
tone, to the heart is reduced with age due to a

decrease in the intrinsic sinus rate in the elderly and
the resulting reduced need to ‘brake’ the heart. The
reduced vagal tone can be seen in the response to
atropine, a blocker of the muscarinic receptor
present in parasympathetic nerve endings. Atropine
produces a smaller increase in heart rate in the eld-
erly than in young subjects. There is also direct evid-
ence in animal studies that parasympathetic
responsiveness of the heart is reduced with age.
Bradycardia, or slowing of the heart, in response to
cholinergic agonists is reduced with age.

Bronchoconstriction occurs due to contraction
of bronchial smooth muscle in response to para-
sympathetic stimulation. Animal studies have shown
that this response is exaggerated in senescence.
The mechanism is a decrease in the content of
acetyl cholinesterase, the enzyme that terminates
the action of the neurotransmitter ACh. As a result,
ACh released into the synapse has a more prolonged
action.

Gastrointestinal (GI) function is impaired in
the elderly, and certain aspects of this impairment
suggest autonomic dysfunction. However, it is im-
portant to distinguish GI dysfunction due to aging
from the side effects of medication. With aging, there
is difficulty in swallowing, increased gastric emptying
time, increased intestinal transit time, constipation,
and reduced absorption of calcium and fat. The rat
model has also shown reduced transport of water,
sugars, and amino acids. The density of innervation
of the enteric nerve plexus is reduced in senescence.
Impairments in the ENS play a key role in the
changes in GI function that accompany aging. There
is a specific loss of intrinsic sensory neurons, with
preservation of nitrergic neurons. Irritable bowel
syndrome and other related conditions are thought to
occur due to changes in the function of enteric neu-
rons, based on animal models. Reduced parasym-
pathetic responses in the GI tract result in reduced
secretions and motility. These changes contribute to a
number of problems that are more common in the
elderly, including achalasia and pseudo-obstruction.
Achalasia is a disorder of swallowing involving a
failure of the lower esophageal sphincter to relax.
This relaxation is mediated by a parasympathetic
discharge of the vagus nerve, which is impaired with
aging. Pseudo-obstruction is dilation of the large
bowel in the absence of an obstruction and occurs
almost entirely in the elderly (see Gastrointestinal
System: Function and Dysfunction). The PNS con-
trols salivary excretion of fluid and electrolytes.
Xerostomia, or dry mouth, is common in the elderly.
However, parasympathetic responses in the salivary
glands are unchanged with age and do not play a role
In xerostomia.
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Changing Role of the ANS in
Cardiovascular Responses

Control of Blood Pressure

Falls and the attendant risk of hip fracture are an
important problem in the elderly. Postural hypoten-
sion increases the risk of falls by causing a transient
cerebral hypoperfusion and is caused in part by au-
tonomic dysregulation. Postural hypotension may be
defined as a drop in systolic pressure of >20 mmHg
or diastolic pressure of >10 mmHg, or symptoms of
cerebral hypoperfusion within 2—-5 min of standing.
Postural hypotension occurs in approximately 30%
of those 65 or older. The causes of postural hypo-
tension in the elderly include an impaired postural
hemodynamic response due to impaired f-stimula-
tion of the heart, volume depletion, and the presence
of certain drugs. Chronic hypovolemia is a frequent
condition in the elderly, and patients with severe
volume depletion may experience orthostatic hypo-
tension despite normal autonomic reflexes. Studies
have shown that volume expansion resulting from
6 months of endurance training is helpful in correct-
ing orthostasis.

Postprandial hypotension is also a common pro-
blem in the elderly, with the greatest drop in BP oc-
curring about 1 hour after eating. Carbohydrate
meals produce the greatest drop. Postprandial hypo-
tension results from the inability to compensate for
vasodilation in the GI tract. After a meal, the plasma
NE concentration should increase two- to threefold
as a result of increased SNS activity; this response is
blunted in the elderly. The clinical significance of
postprandial hypotension is unclear. It may precipi-
tate strokes and myocardial infarction. Postprandial
hypotension is also a factor in producing postural
hypotension. Additional susceptibility to postural
hypotension and syncope come from the increased
preload to the heart in aging. The latter causes an
elevation of circulating atrial natiuretic peptide,
which in turn causes increased excretion of water
and sodium, resulting in decreased blood volume.

Exercise Performance

The increase in cardiac output that occurs during
exercise is, in part, mediated by the SNS. During
exercise there is an increase in heart rate, an increase
in the force of contraction, and an increase in stroke
volume. Shunting of blood to the skeletal muscle
is accomplished by vasodilation in the muscle and
vasoconstriction in other tissues. In the elderly,
two key sympathetic responses are impaired: f-
adrenergic stimulation of the heart and f-adrenergic
dilation of arteries supplying skeletal muscle. The

increase in cardiac output that occurs during exer-
cise is rate limiting for the amount of exercise that
can be performed before the anaerobic threshold is
reached and lactic acid accumulation begins. Thus,
autonomic dysfunction may limit exercise capacity in
the elderly. This decline is also due to other factors,
such as reduced cardiac reserve, peripheral circula-
tory factors, and reduced muscle mass (see Motor
Control). A lifelong active lifestyle may play an im-
portant role in preserving cardiac ANS responses and
baroreflex sensitivity in older people.

Autonomic Dysfunction in Diseases
Common in the Elderly

Primary autonomic failure is a degenerative disorder
of the postganglionic neurons of the SNS. The symp-
toms, which include postural hypotension, impaired
thermoregulation due to inability to sweat, low cir-
culating catecholamines, impotence, and GI and uri-
nary dysfunction, are most severe in the elderly. Any
condition requiring extended bed rest in an older
person can contribute to postganglionic sympathetic
dysfunction in the lower extremities. This situation
can lead to the inability to walk, thus further promo-
ting deconditioning and risk of falls. It is suggested
that the length of time one remains bedfast should be
closely monitored with ambulation promoted early
in the course of a condition, as appropriate.

Multiple system atrophy (or Shy-Drager syn-
drome) is a disease of preganglionic neurons of the
SNS. There is degeneration in the sympathetic centers
of the brain and in the lateral horn of the thoracic
segments of the spinal column. Most of the same
autonomic symptoms are seen in Shy-Drager syn-
drome as in primary autonomic failure, but there are
often motor deficits as well, including marche a petits
pas (the short-stepped gait). Circulating catechola-
mines are normal at rest, but fail to increase properly
in response to a stimulus, such as rapid standing.

In Parkinson’s disease, there is often autonomic
dysfunction, with PNS dysfunction selectively occur-
ring early in the course of the disease. Postural hypo-
tension is a side effect of medication with I-dopa; the
addition of a peripheral decarboxylase inhibitor,
such as carbidopa, can eliminate this problem by
confining the actions of I-dopa to the CNS and thus
preventing the action of I-dopa on the autonomic
ganglia. Other signs of autonomic dysfunction in
Parkinson’s disease, such as increased salivation, de-
creased frequency of bowel movement, and dyspha-
gia, result from the disease process itself. Parkinson’s
disease is often accompanied by lesions of the spinal
column similar to those that cause motor difficulties
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in Shy-Drager syndrome. The impotence associated
with Parkinsonism may have a basis in autonomic
dysfunction. Abnormalities in thermoregulation are
due to lack of sweating. Accidental hypothermia is a
risk due to the absence of shivering.

In older patients with stable angina, research
shows that the SNS plays a role in acute episodes
of regional myocardial ischemia. Chronically ele-
vated sympathetic nerve activity both increases meta-
bolic demand and impairs myocardial perfusion.

Altered Autonomic Responses to Drugs
Commonly Prescribed in the Elderly

Treatment of hypertension in the elderly is a double-
edged sword. Effective lowering of BP often brings
increased incidence of postural hypotension, a con-
tributor to falls. a-Blockers often induce postural
hypotension in the elderly, which may limit their use
for treating hypertension and prostatic outflow
obstruction. f-Receptor stimulation of the heart,
which occurs during the postural response, is already
diminished in normal aging. Thus, with the introduc-
tion of an o-blocker, both the - and f-adrenergic arms
of the postural response are now impaired. f-Blockers
and diuretics also increase the likelihood of postural
hypotension. Calcium channel blockers and angioten-
sin-converting enzyme inhibitors carry less risk.

The elderly have an increased susceptibility to
adverse effects of tricyclic antidepressants. Pretreat-
ment electrocardiogram (ECG) is necessary to deter-
mine whether or not QRS and QT prolongation
coexist, an indication that the potentially lethal
arrhythmia ‘torsade de pointes’ may develop when a
tricyclic is given. Tricyclics such as amitryptyline exert
their antidepressive effects by inhibiting neuronal re-
uptake of NE. These compounds also have a-blocking
and anticholinergic effects. As a result of underlying
autonomic dysfunction, the elderly are more suscep-
tible to these side effects. Because tricyclics block
a-receptors, they may on rare occasion cause sinus
tachycardia in the elderly due to vasodilation and
postural hypotension for the reasons described
previously. The anticholinergic side effects of tricy-
clics include xerostomia (dry mouth), blurred vision,
constipation, and urinary retention. The xerostomia is
caused by an inhibition of parasympathetic stimula-
tion of salivary fluid and electrolyte secretion. The
blurred vision is caused by impaired contraction of the
ciliary muscle of the eye, which is involved in accom-
modation for near vision. Newer SSRI antidepressants
such as fluoxitine (Prozac), dertraline (Zoloft), and
paroxitine (Paxil) work by inhibiting the neuronal
reuptake of serotonin rather than NE. Whether the

side effects of these drugs present a special problem in
the elderly remains to be seen.

See also: Cardiovascular System; Gastrointestinal Sys-
tem: Function and Dysfunction; Motor Control; Neuro-
transmitter and Neurotrophic Factors.
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Glossary

Adaptive Postural Control — Modifying sensory or
motor response strategies in response to changing
task and environmental demands.

Anticipatory Posture Control — Pretuning sensory
and motor processes in expectation of postural
demands based on previous experience.

Cognitive Processes — Higher level neural processes
such as attention, motivation, and planning. It is
difficult to make a clear distinction between high-
er-level perceptual/motor processing and cognitive
processing, since there is a gradual transition and
overlap between processing levels.

Postural and Balance Control — Regulating the
body’s position in space for the dual purposes of
stability and orientation. Stability is the ability to
maintain the position of the center of body mass
(COM) within specific boundaries, or stability
limits. Orientation is the ability to maintain an
appropriate relationship between the body and the
environment or task.

Sensory Strategies — Organizing sensory information
from visual, somatosensory, and vestibular systems
for postural control.

Introduction

Research on balance, posture, and gait in older
adults has become a priority in the health-care field
because data indicate that falls are a major threat to
independence in older adults and an important con-
tributor to fatalities. For example, it has been shown
that nearly one-third of adults over the age of 75
experience at least one fall per year, and 6% of these
adults sustain fractures as a result. Research on bal-
ance and gait in the older adult has focused on (a)

determining whether there are specific neural and
musculoskeletal subsystems that show a decline with
aging and (b) creating effective measures for the
prevention and the rehabilitation of decline in bal-
ance function with aging. Several approaches have
been used in the past to study and assess balance
and locomotor skills in the elderly from both a re-
search and a clinical perspective. Traditionally, bal-
ance control was studied from a reflex perspective,
and global methods of measuring balance were used.
Since the 1990s, researchers have begun a systems
approach to the study of balance in the older adult.
This approach has the advantage of allowing clini-
cians and researchers to assess whether there is a
decline in identified subsystems contributing to bal-
ance and gait.

Balance Control in Older Adults
Early Studies

Before reviewing studies on the changes in balance
control in the older adult, we first define balance
control and discuss the ways one can measure bal-
ance function. Balance control may be defined as the
maintenance of a person’s center of mass (COM)
within his or her stability limits, which are defined as
the person’s base of support. Balance control thus
indicates the ability to regulate one’s static upright
posture or to recover from unexpected threats to
balance, such as the balance threat that occurs when
standing on a bus that starts to move.

In addition to static balance control, an adult must
also be able to maintain balance during many other
daily activities, such as standing and walking. Main-
taining balance during walking requires the integra-
tion of postural adjustments into the step cycle in
order to allow safe forward movement. In this dy-
namic task the COM is not maintained within the
base support, but moves along the medial border of
the support foot. This integration of balance control
into voluntary activities is essential to the accom-
plishment of most goal-oriented tasks and requires
the ability to respond to constantly changing envi-
ronmental and task demands.
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Classically, the assessment and treatment of bal-
ance function in the older adult has been centered
around global measures of balance abilities, such as
the measurement of total body sway. For example,
in 1963 Sheldon performed a study examining the
degree to which sway during quiet stance changes
across the lifespan. He found that subjects at both
ends of the age spectrum (6-14 years and 50-80
years) showed significantly more sway during quiet
stance than did young adults. Figure 2 shows the
sway path of representative subjects in each of the
age groups tested.

Other research by Fernie and colleagues, which
used a measure of both the amplitude and velocity of
global body sway to assess the balance skill of insti-
tutionalized older adults, indicated that sway velo-
city is correlated with frequency of balance loss.
Older adults who fell more than once per year
showed higher velocities of sway when standing
quietly when compared to those who did not fall.

Some of the earlier studies regarding balance func-
tion in the older adult often assumed that one could
find a single cause of instability in an individual, such
as peripheral neuropathy or postural hypotension. In
addition, clinicians typically assessed balance func-
tion using a reflex model of balance control, limiting
tests to evaluation of tendon reflexes, righting re-
flexes, and vestibulo-ocular reflexes, and predicting
that with aging more ‘primitive’ reflexes would
be released from inhibition. However, more recently
research has indicated that a reflex framework of
motor control is limited, since many other motor
processes contribute to motor function.

It has become clear that for any given individual
there are complex interactions between intrinsic fac-
tors related to the level of function of different
nervous or musculoskeletal subsystems and also ex-
trinsic environmental factors. It is important to study
these interactions in order to clearly understand the
factors that contribute to falls in the older adult. In
one study, Campbell and colleagues observed a group
of community-dwelling older adults for 1 year and
documented all falls. The study concluded that re-
ductions in physical activity, reduced proximal mus-
cle strength, and reduced stability during quiet stance
were all strongly linked with an increased risk of
falling. They also showed a significant association
between falls and arthritis of the knees, stroke, im-
pairment of gait, hypotension, and the use of psy-
chotropic drugs. The study concluded that multiple
risk factors, many of which are remediable, are as-
sociated with most falls in older adults.

Though this approach has significantly improved
our understanding of factors contributing to balance
deterioration in the older adult, it is limited by the

use of relatively broad categories to classify intrinsic
factors related to falls, such as ‘loss of stability while
standing.” Such categories do not allow the identifi-
cation of problems in specific subsystems that may be
constraining balance abilities.

Systems Approach to Age-Related Changes in
Balance

More recently, researchers have begun to use a new
approach for testing balance control in older adults.
This method, often called a systems approach, at-
tempts to identify the relative contribution of dete-
rioration in specific neural and musculoskeletal
subsystems to a decline in balance function. The sys-
tems model of balance control has the advantage
of being able to aid the clinician in evaluating
the degree to which a decrease in the function of
individual subsystems contributes to deterioration in
balance and gait in the older adult. According to the
systems model, balance stems from complex interac-
tions among several factors, including a variety of
neural subsystems, the musculoskeletal systems of
the individual, and the task and environmental sit-
uations in which the individual is balancing and
moving. The postural control system is usually iden-
tified as the neural and musculoskeletal subsystems
that contribute to balance function.

In assessing balance function in the older adult
from a systems model, one would evaluate both the
neural components (motor systems, sensory/percep-
tual systems, adaptive systems, and cognitive sys-
tems) and the musculoskeletal components (muscle
strength, range of motion of ankle, knee, and hip
joints, and the vertical alignment of the body) that
contribute to balance. The following section reviews
research on changes in balance control in the older
adult from the systems perspective.

Musculoskeletal Changes Many research studies
have examined the extent to which postural compo-
nents of the musculoskeletal system characteristics
change with age. For example, it has been shown that
strength of the leg muscle can show a reduction of
40% in young (30 years) vs. older adults (80 years).
Whipple and colleagues showed that older adults
with a history of falls (nursing home residents) show
an even greater reduction in muscle strength, with
ankle dorsiflexor strength being 14% of that of non-
fallers. In addition, the muscle fatigues more rapidly
and the rate of tension development is slower in older
adults. Buchner and deLateur showed that there is an
association between strength and physical function,
with over 20% of the variance in functional status
explained by relative muscle strength. Finally, spinal
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flexibility is reduced in the older adult, causing a
rounded or forward flexion of the posture alignment,
and arthritis may cause a decrease in the range of
joint motion in the ankle, hip, and knee joints.

Neuromuscular System Changes Most falls occur
during dynamic balance situations, and older adults,
especially those with balance impairments, may have
difficulty regaining stability after a slip or trip. In
order to understand the extent to which constraints
on neuromuscular responses contribute to poor bal-
ance in these situations, researchers have been asking
the following question: When healthy older adults
are faced with an unexpected threat to standing bal-
ance, such as the sudden start or stop of a bus or a
subway car on which they are standing, are they
capable of responding to that threat in a manner as
efficient as a young adult? In order to answer this
question research has been performed to simulate
these situations and to examine the characteristics of
postural muscle response patterns that are activated
in response to the unexpected forward or backward
movement of a platform on which the subject is
standing or walking (see Figure 1).

Figure 1 Experimental paradigm. Subject stands on hydrauli-
cally activated platform that moves unexpectedly forward or back-
ward (1-3, hydraulic cylinders). A belt attached to the hips
measures sway (4). Surface electrodes (5) measure muscle re-
sponses. A visual surround (6) can be rotated with the subject’s
sway to minimize sway-related visual inputs. (From Woollacott
MH, Shumway-Cook A, and Nashner LM (1986) Aging and
posture control: changes in sensory organization and muscular
coordination. International Journal of Aging and Human Develop-
ment 23: 100.)

When the balance of a young adult is disturbed by
an unexpected movement of the surface on which
they are standing, there is typically sway focused at
the ankle joint; then muscle responses that return
balance to normal are activated first in the stretched
ankle muscle and radiate upward to the muscles of
the thigh and hip.

Research by Woollacott and colleagues comparing
the response characteristics of younger adults (mean
age 25 years), healthy older adults (mean age 74
years), and balance-impaired older adults (mean age
76 years), showed that the postural muscle response
organization was generally similar between the three
groups, with responses being activated first in the
stretched ankle muscle and radiating upward to the
muscles of the thigh.

However, the groups also showed specific differ-
ences in response characteristics:

1. Onset of contraction for the postural muscles
(ankle dorsiflexors) was significantly slower for both
the healthy and the balance-impaired older adults
compared to the younger adults when platform
movements caused backward sway (Figure 2A);
slowing of contraction onset was correlated with
age (Figure 2B).

2. For almost half of the older adults, there was an
occasional disorganization of the muscle response
pattern, with proximal (thigh) muscles being acti-
vated before distal (ankle) muscles. It is interesting
that this type of response organization is typical of
certain patients with central nervous system lesions.

3. The older adults co-activated the antagonist and
agonist muscles of a joint together significantly more
frequently than the younger adults, possibly to stiffen
the joints as an alternate way to increase joint stability.

4. Older and balance-impaired older adults used a
higher percentage of maximum voluntary contrac-
tion amplitudes when responding to faster balance
threats (Figure 3).

5. Older adults also tended to use a strategy of
balancing that involved hip movements rather than
simple ankle movements to control sway. It has been
suggested that some falls in the older adult may be
caused by a drop in the use of the classical ankle
balance strategy and a shift toward the use of a hip
balance strategy, as a result of pathological condi-
tions such as ankle muscle weakness or peripheral
sensory neuropathy.

Sensory Contributions In order to balance ef-
fectively, in a variety of environments it is necessary
to utilize information from three sensory systems: the
visual, somatosensory (proprioceptive, cutaneous,
and joint receptors), and vestibular systems. This
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Figure 2 Changes in temporal characteristics of muscle response synergies in the healthy and balance-impaired elderly. (A) Ex-
amples of muscle responses to an anterior platform movement causing backward sway in a young adult, an older adult who was non-
impaired, and an older adult with balance impairments. The onset of contraction is progressively later for the non-impaired and balance-
impaired older adults. (B) The relationship between onset of contraction for the tibialis anterior muscle and age, with older adults
showing slower contraction onsets. (Panel A from Shumway-Cook A and Woollacott M (2000) Motor Control: Theory and Practical

Applications, p. 231. Lippincott Williams and Wilkins.)

information must be combined appropriately to ac-
curately represent the body’s position in space. Each
sensory system contributes a different frame of ref-
erence for balance orientation. There are different

sensory strategies that can be used in balance control,
each involving a different weighting by the higher
nervous system centers of the visual, somatosensory,
and vestibular inputs. In order to remain balanced in
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Figure 3 Graph showing the percent of maximum voluntary
contraction amplitude for the gastrocnemius muscle used by
young adults (YA), stable healthy older adults (SOA), and un-
stable balance-impaired older adults (UOA) in response to two
different velocities of balance threat (5 cm at 10 cm/s and 5 cm at
40 cm/s). Balance-impaired older adults used higher levels of
maximum voluntary contraction than young or healthy older
adults at slow velocities (10 cm/s), while both healthy and bal-
ance-impaired older adults used a larger percentage of voluntary
contraction at fast velocities (40 cm/s). (Adapted from Lin S
and Woollacott M (2002) Postural muscle responses following
changing balance threats in young, stable older and unstable
older adults. Journal of Motor Behavior 34: 42.)

changing task conditions one must also be able to
appropriately select the most effective sensory input
for the specific task. Older adults have been shown to
have deficits in specific sensory systems that could
contribute to a difficulty in organizing sensory inputs
appropriately for changing task conditions.

For example, studies by Whanger and Wang indi-
cated that cutaneous vibratory sensation thresholds
at the knee are increased in the frail elderly (70-90
years) compared to young adults. They noted that
many of the older adults had difficulty perceiving
stimulation at the ankle joint, and thus they did not
include information about ankle thresholds in the
study. These problems could be due to problems with
peripheral neuropathy in their population.

Research on age-related changes in the visual sys-
tem indicates that less light is transmitted through
the retina with increasing age. Also, age-related re-
ductions in visual contrast sensitivity cause problems
in contour and depth perception, which are critical
for postural control. These types of visual deteriora-
tion could result from cataracts, macular degenera-
tion, and ischemic retinal or brain disease.

Studies by Rosenhall and Rubin on vestibular sys-
tem changes in the older adult indicated that there is
a 40% reduction in hair cells in the semicircular ca-
nals and the utricule and saccule, along with a sim-
ilar reduction in myelinated fibers of the vestibular
nerve. However, it has also been pointed out that a
75-year-old showed an almost normal number of
nerve fibers in the vestibular nerve. This again points
out that age-related degeneration of specific systems
is not inevitable, but may be related to pathology. A
partial deterioration in vestibular function can result
in dizziness, which may also lead to loss of balance in

the older adult. Deterioration of otolith function can
lead to positional vertigo.

Older adults may not have a balance problem with
deterioration in any one of these sensory systems,
since the other systems contribute redundant infor-
mation on balance and are usually available to
compensate for this loss. However, balance problems
could become apparent when walking in dimly lit
areas or on unusual support surfaces such as ramps,
thick carpets, or grass, because these situations have
reduced sensory input redundancy. Multisensory def-
icits may also occur in older adults. In this case, the
ability to compensate for loss of sensory information
with alternative senses is difficult or impossible.

Adaptation As mentioned previously, older adults
may show problems with adapting their use of sen-
sory inputs to varying task and environmental situ-
ations. If an older adult has peripheral neuropathy
and thus does not rely on somatosensory inputs, he
or she may overly rely on visual inputs, even when
they are inappropriate. For example, older adults
may have difficulty balancing when crossing a busy
intersection because visual cues from moving cars
and pedestrians may create the illusion of self-sway,
and the resulting postural response could cause bal-
ance loss.

How can the ability of older adults to balance un-
der changing environmental conditions be tested? A
technique called moving platform posturography
allows the researcher to measure the balance of a
subject under a combination of sensory conditions,
including one in which the support surface rotates
with the person’s sway, distorting ankle joint so-
matosensory inputs, and another in which the visual
enclosure around the subject also rotates in the an-
teroposterior direction with sway, again distorting
visual inputs related to sway.

The labs of Woollacott, Horak, and others have
examined the ability of elderly people to adapt their
senses to changing conditions using posturography
testing. It is of interest that there were no significant
differences in amount of body sway for healthy
active older adults vs. young adults except in condi-
tions in which both ankle joint inputs and visual in-
puts were distorted or absent (conditions 5 and 6 as
defined in the study). In these conditions, half of the
older adults lost stability and needed an assistant’s
aid to balance. However, most of the older adults
maintained stability on the second trial of these con-
ditions, indicating the ability to adapt to changing
sensory conditions with some practice.

In order to determine if the preceding types of
changes in postural control with aging were indicative
of normal aging or were instead due to borderline
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pathology, the older adults in one of the studies (who
considered themselves healthy and active) were given
a neurological exam. The results of the exam were
correlated with their performance on the balance
tasks. Interestingly, the neurologist noted borderline
neural impairment such as diminished deep tendon
reflexes, mild peripheral nerve deficits, distal weak-
ness in tibialis anterior, and gastrocnemius and ab-
normal nystagmus in many of the older adults. These
results suggest that borderline pathology may con-
tribute significantly to balance dysfunction in the
older adult.

In a second study by Horak and colleagues, the
performance of older adults with balance problems
(symptomatic) was compared to that of healthy older
adults (asymptomatic) and young adults (young). As
shown in Figure 4, the older adults with balance
problems showed significantly more falls with con-
ditions 5 and 6 (both visual and ankle joint inputs
were distorted or absent) than did the young and
healthy older adults.

Anticipatory Postural Adjustments

Postural adjustments may be used in a reactive man-
ner, as described previously, or in an anticipatory
manner, in order to stabilize the body in advance for
instability caused by a voluntary movement. One
cause of falls in the older adult could be an inability

to activate these anticipatory responses before volun-
tary movements, such as lifting a heavy object, re-
sulting in loss of balance during the subsequent
movement. Studies have shown that it is in dynamic
situations such as walking, lifting, and carrying ob-
jects that a majority of falls in the older adult occur.

In the young adult, the same postural muscle re-
sponse patterns that are activated during stance bal-
ance control are activated in an anticipatory manner
before making a voluntary movement while standing.
For example, when the adult is asked to pull on a
handle, first the gastrocnemius muscle of the calf is
activated, followed by the hamstrings muscle of the
thigh, and then the prime mover muscle, which is the
biceps muscle of the upper arm. Thus the responses
are activated starting with the muscles closest to the
base of support, and the response then moves upward
to the proximal muscles. A research study by Inglin
and Woollacott examined age-related changes in the
ability of older adults to activate these postural mus-
cle response synergies in an anticipatory manner. The
study showed that older (mean age 71 years) adults
showed significantly longer muscle onset latencies for
postural muscles as compared to young adults (mean
age 26 years) when the participants were asked to
push or pull on a handle in a reaction time task.
Figure 5 shows the postural vs. voluntary muscle re-
action times for each subject in the young vs. older
adult group. Note that there was an increase in both
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Individual values of postural and prime mover (voluntary) muscle onset latencies in young vs. older adults for a simple

reaction-time task in which the standing subject pushed or pulled on a handle at chest height. (From Inglin B and Woollacott MH (1988)
Age-related changes in anticipatory postural adjustments associated with arm movements. Journal of Gerontology 43: M109.)

postural muscle reaction time and the prime mover
voluntary muscle reaction time. It was also noted that
muscle response latencies were much more variable in
the older compared to the young adults, and the
organization of postural muscle responses was also
significantly different. It is not clear whether these
differences in postural response organization are due
to nervous system deficits or to the use of an alternate
strategy to compensate for other constraints within
the nervous and musculoskeletal system.

A systems model of balance control would predict
that this slowing in voluntary reaction time in the
older adult could be caused by the need for advance
stabilization by the already delayed and possibly
weaker postural muscles and/or slowing in the volun-
tary control system itself. Since the absolute differ-
ences in onset times between the young and the older
adults were larger for the voluntary muscles than for
the postural muscles, there may be a slowing in both
systems in the older adult.

Cognitive Systems

It is possible that, with aging, people’s abilities to
balance may be reduced compared to their abilities at
a young age, but they may balance normally as long
as they can focus attention on the task. When they
have to focus on many tasks at the same time,
however, they may find that their capacity to perform
both the postural task and the other tasks well is

reduced. For example, if an older adult is walking
quickly along a busy street while carrying many
packages and talking to a friend, if his or her balance
is threatened, it may be more difficult to recover
than if the person were walking alone in a quiet
environment.

A significant amount of research from many labs
(Teasdale, Redfern, Maki, and Duysens, for example)
has been performed to determine the extent to which
both healthy and balance-impaired older adults may
have problems with balance when their attention is
distracted. Shumway-Cook et al. showed that older
adults with a history of falls swayed significantly
more than young adults and healthy older adults
when they were asked to perform a secondary task (a
sentence completion task) compared to a control (no
task condition) while standing quietly. This effect of
the secondary task was increased further when older
adults were asked to stand on a compliant surface,
which increased postural demands. The authors
suggested that healthy young and older adults could
allocate attentional resources to postural control in a
flexible and dynamic way, while older adults who
had experienced falls had more difficulty allocating
attention to postural demands.

Other studies by Brauer et al. showed that when
balance-impaired older adults must respond to a bal-
ance threat while performing a second cognitive task,
they take significantly longer to stabilize balance, as
seen in Figure 6. This figure graphs the velocity of
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Figure 6 Graph showing the velocity of sway during recovery
from a balance threat for a healthy older adult and a balance-im-
paired older adult when performing a second cognitive task simul-
taneously. Onset of platform displacement is indicated by the
vertical dotted line. The time at which balance was stabilized for
each person is indicated by the arrow. Note that the balance-im-
paired older adult required twice the time of the healthy older adult
to recover balance when performing the cognitive task. (From
Brauer S, Woollacott M, and Shumway-Cook A (2001) The interact-
ing effects of cognitive demands and recovery of postural stability in
balance-impaired elderly. Journal of Gerontology 56: M489.)

sway during recovery from a balance threat for a
healthy and a balance-impaired older adult. The bal-
ance-impaired older adult requires almost twice the
time to stabilize balance as the healthy older adult
during the performance of a secondary task. In addi-
tion, when taking a step in order to recover from a
balance threat, the muscle responses of both healthy
and balance-impaired older adults were significantly
reduced in size in the dual task compared to the single
task (posture alone) condition, while those of young
adults were not, as seen in Figure 7. This reduction in
muscle response amplitude could lead to reduced step
efficiency and a fall when older adults are performing
a second task while recovering balance.

A second cognitive factor, fear of falling, may also
affect balance performance. Maki et al. found that fear
of falling affected balance during a spontaneous sway
test and one leg stance test. The authors commented
that it was not clear whether subjects with a fear of
falling had a true deterioration in postural control
mechanisms, or whether the fear of falling affected the
balance performance in an artifactual manner.

Balance Retraining Research

The preceding research suggests that there is a signi-
ficant deterioration in balance abilities in many older
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Figure 7 Graph showing the muscle response amplitudes of
the gastrocnemius muscle in young adults (YA), healthy older
adults (HOA), and balance-impaired older adults (BIOA) when
taking a step to recover from a balance threat in a single task
(balance alone) vs. a dual task (balance plus cognitive task) sit-
uation. Both healthy and balance-impaired older adults showed
significantly reduced muscle response amplitudes in the dual task
compared to the single task condition (noted by the asterisk).
(From Brauer S, Woollacott M, and Shumway-Cook A (2002) The
influence of a concurrent cognitive task on the compensatory
stepping response to a perturbation in balance-impaired and
healthy elders. Gait and Posture 15: 91.)

adults and that decreases in level of function of spe-
cific neural and/or musculoskeletal systems contrib-
ute to this deterioration. A number of laboratories
are now focusing on exploring whether this deteri-
oration in balance function can be reversed with
training. Research concerning balance training has
included a variety of training paradigms related to
such areas as muscle strength increases, sensory bal-
ance training, and Tai Chi.

Fiatarone and colleagues studied the efficiency of
muscle strength training to improve balance in frail
nursing home residents. This study used high-resist-
ance weight training of the quadriceps, hamstrings,
and adductor muscle groups and found highly signi-
ficant gains in muscle strength in all subjects. Changes
in balance control were not measured directly, but it
was noted that subjects increased walking velocity
and two subjects no longer used canes to walk by the
end of the training period.

A study by Hu and Woollacott used a balance
training protocol that focused on improving the use
of different sensory inputs and the integration of
these inputs for balance control in older adults from
65 to 87 years old. Subjects were asked to balance
under eight different sensory conditions in which
visual and somatosensory inputs were gradually re-
duced or distorted. Figure 8 shows the changes in
sway of one subject under the eight conditions for the
10 days of training. Significant reductions were
found in the amount of sway in the training group
between the first and the last day of training in the
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Figure 8 Percent reduction in body sway (root mean square [RMS]) under eight sensory conditions during the training period for one
subject. (From Woollacott M, Moore S, and Hu M (1993) Improvements in balance in the elderly through training in sensory organization
abilities. In: Stelmach GE and Homberg V (eds.) Sensorimotor Impairments in the Elderly, p. 384. Dordrecht: Kluwer.)

five most difficult training conditions. In addition,
performance remained above control levels for at
least 4 weeks after the training ended, and it trans-
ferred to a second balance task, that of standing on
one leg with eyes open and closed.

In addition, increased balance abilities were ac-
companied by specific changes in muscle response
characteristics to platform perturbations. These in-
cluded significantly less co-activation of antagonist
muscles after training, indicating that subjects were
using more-refined balance strategies.

In a randomized controlled trial, Wolf and col-
leagues examined the effects of Tai Chi training vs.
static balance training on balance in community-
dwelling older adults. The training consisted of 1-2
sessions per week for 15 weeks. Results showed that
the risk ratio for falls was reduced in the Tai Chi
group but not the static balance group. In another
study, Gatts and Woollacott examined the neuro-
muscular mechanisms contributing to improved bal-
ance as a result of intensive Tai Chi training (1.5
hours per day for 3 weeks) in balance-impaired older
adults. They found that Tai Chi-trained older adults
showed significantly faster postural muscle responses
when recovering from a slip during walking, along
with reduced co-contraction of antagonist muscle
responses (compared to a control group), suggesting
that their postural muscle response characteristics
were more efficient after Tai Chi training.

Finally, Shumway-Cook and colleagues deter-
mined the effects of a multidimensional exercise
program on balance and falls risk in 105 balance-
impaired older adults (65+ vyears). The program
consisted of muscle strength training, mobility exer-
cises, static and dynamic balance training, and aer-
obic activity (walking) for 8-12 weeks (physical
therapy sessions twice per week and 5-7 days of ex-
ercise at home). Results showed that participants
who were fully compliant in exercise participation
showed a 33% reduction in falls risk compared to
the control group, which showed an 8% increase in
risk across the training period.

Walking Characteristics in Older Adults

Many of the same issues that were addressed previou-
sly in relation to questions concerning the inevitabil-
ity of balance deterioration in aging also apply to
the research on age-related changes in gait. Earlier
clinical studies on gait disorders often included pa-
tients with such problems as gait apraxia, hypokinet-
ic-hypertonic syndrome, and marche a petit pas, and
thus considered the characteristics associated with
these types of pathology to be associated with the
normal aging process. These disorders were often
called ‘senile gait.’ In 1992 a careful survey by
Sudarsky and Ronthal on 50 patients with previously
undiagnosed gait disorders showed that a causal
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diagnosis could be made in 84% of the older adults.
They found that myelopathy, Parkinsonism, frontal
gait disorder (normal-pressure hydrocephalus, multi-
ple strokes), cerebellar degeneration, and sensory
imbalance were typical disorders that had been
previously undiagnosed. Thus, as with balance disor-
ders, gait disorders may not be a pure age-related
phenomenon.

Changes in Velocity/Stride Length

The characteristics of gait patterns can be reported in
many ways. One common way to measure gait pat-
terns is to use a stopwatch to measure walking speed.
Using simple techniques such as this, it has been
consistently reported that there is a decrease in
walking speed with age. One of the first investigat-
ions on age-related changes in gait patterns was per-
formed by Speilberg. He described the earliest stage
of gait pattern change (between 60 and 72 years
of age) as consisting of a slower walking velocity,
smaller displacement amplitudes of the joints, and a
shorter stride length.

Another early approach involved observations of
pedestrians walking in New York City.

Walking cadence and velocity were measured
using a marked distance on the sidewalk. As age in-
creased, there was a decrease in walking velocity,
step length, and step rate. These changes were similar
to the first stage of change in gait in Spielberg’s re-
port. While this approach has the advantage of being
performed in a setting where gait characteristics will
be more natural, the disadvantages include being
unable to control for difference in walking goals,
such as taking a stroll vs. hurring to work, and re-
lative health of the subjects. To overcome these lim-
itations, laboratory studies have been performed.

Kinematic Analysis

Though information on age-related changes in
walking speed and stride length is useful, it does
not allow the determination of age-related changes
in the movement of body segments that may cause
the reductions in speed and stride length. Kinematic
(video, film, or optoelectronic) analysis of gait has
been used by investigators to investigate age-related
changes in body motion during gait.

Murray et al. photographed subjects from 20 to 87
years of age while they were walking at preferred and
fast speeds. Twenty kinematic measures were made
from the resulting photographs. They found that, in
men, gait cycle duration and stance duration in-
creased after 65 years of age, while stride width
increased after 74 years of age. They also noted
that out-toeing and gait variability (rhythmicity of

repeated strides) increased while peak heel elevation
decreased after 80 years of age. There were also age-
related changes in floor clearance patterns for the
foot, decreases in knee flexion amplitude, and de-
creases in ankle extension amplitude at push-off. For
women, similar changes were seen, except that a
decreased stride length was noted after 50 years,
along with a slower walking speed and faster cad-
ence. It is interesting to note that for women,
habitual use of high heels significantly influenced
the gait characteristics.

Kinetic Analysis

Kinematic analysis of gait allows the description of
locomotion movement patterns, but it does not give
information regarding force generation by the sub-
ject. In order to determine whether there were
changes in characteristics of force generation in
older (62-78 years) vs. young (21-28 years) adults,
Winter et al. compared the kinetic data of walking
trials for the two groups, using an inverse dynamics
model. They noted that older adults generated signi-
ficantly less power by the plantar flexors at push-off
and absorbed significantly less energy by the quad-
riceps femoris muscle during the late stance and early
swing phase of gait. They suggested that a reduction
in plantar flexor power during push-off could cause
a shorter step length, a more flat-footed heel strike,
and increased double-support stance duration, all of
which have been observed consistently in other stud-
ies on gait characteristics in older adults. One cause
of a weaker push-off could be a reduction in ankle
plantar flexor muscle strength, which has, in fact,
been noted in many other studies. In addition, high
push-off power is known to act upward and forward,
and is thus destabilizing. Thus it is also possible that
this change is adaptive to give a more stable gait
pattern.

Winter et al. also noted that older adults showed a
trend toward reduced knee-hip covariance. Winter
calculated the covariance of knee and hip from the
moment-of-force characteristics between the two
joints, and suggested that it can be used as an ‘in-
dex of dynamic balance.” It is interesting that 10 of
the older adults in Winter’s study showed covarian-
ces that were similar to those of the young adults,
while five of them had low covariances. Winter et al.
suggested that the five subjects with low hip—knee
covariances may have had neural or musculoskeletal
dysfunction not detected on their clinical exams.

Neuromuscular Analysis

How do the previously described changes in kinetics
and kinematics relate to changes in muscle response
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patterns underlying gait? Finley et al. compared pat-
terns of muscle activity in younger (19-38 years) and
older (64-86 years) women during normal gait. They
found that average electromyograph (EMG) activity
levels in gastrocnemius, tibialis anterior, biceps fe-
moris, rectus femoris, and peroneus longus muscles
were higher in the older age group than in the
younger group. They also noted that there were
changes in muscle response characteristics at specific
points in the step cycle. Thus, at heel strike, the
activity of peroneus longus and gastrocnemius was
elevated in the older women, compared to the
younger women. The authors suggested that this
elevated activity could be a result of a strategy to
increase co-activation of agonist and antagonist mus-
cles, thus increasing the stiffness of the joint and im-
proving stability during the stance phase of gait. This
strategy is often used by subjects who are not skilled
in a task, or who require increased control of the
task.

Studies have also examined the effects of changes
in sensory systems on gait patterns in the older adult.
Simoneau et al. examined the effect of changing the
visual environment on gait characteristics during
stair descent in older women (55-70 years). Stair
descent was tested under the following conditions:
stairs painted black, stairs painted black with the
subject wearing a headband with a light-scattering
plastic shield (called the blurred condition), and
stairs painted black with a white stripe added at the
edge of every tread. Motion analysis of the subjects’
stair-climbing performance showed significantly
slower cadence, larger foot clearance, and more pos-
terior foot placement when the older adults were
asked to walk under the blurred condition as com-
pared to the other two conditions. It was also noted
that foot clearance was larger than that observed
previously in studies with young adults.

Changes in Adaptive Control

An important aspect of locomotor control is the
ability to use visual information to change gait char-
acteristics in order to avoid upcoming obstacles. Pat-
la performed experiments that asked whether one
contributing factor to poor walking performance in
older adults might be a reduced ability to sample the
visual environment during walking. In this experi-
ment he asked both older and young adults to wear
opaque liquid crystal eyeglasses with a switch that
could be pressed by the subject to make the glasses
transparent whenever the subject wished to sample
the environment. Participants walked across a floor
that either was unmarked or had regularly marked
footprints on which the participants were supposed

to walk. When asked to walk on the footprints, the
young subjects sampled frequently and for short in-
tervals, while the older subjects sampled less often,
but for longer periods. This resulted in the older
adults monitoring the terrain much more than the
young adults.

Patla also performed a study in which young and
older adults were asked to walk along a walkway,
and when cued by a light at specific points along the
walkway, to either lengthen or shorten their stride to
match the position of the light. They thus tested the
ability of older adults to modulate the step cycle to
avoid an object. They found that the older adults had
more difficulty than the younger adults in modulat-
ing their step length when the visual cue was given
only one step duration ahead. They noted that young
adults succeeded 80% of the time, while older adults
succeeded 60% of the time when they were required
to lengthen the step and only 38% of the time when
required to shorten the step. However, both young
and older adults performed equally well when the
visual cue was given two steps in advance. Patla
suggested that balance difficulties contributed to the
problems that older adults had in shortening their
step. This requirement of older adults to make mod-
ifications to gait patterns more than one step before
meeting an obstacle may contribute to their need for
increased visual monitoring of the environment
during walking.

Because older adults show a decreased floor clear-
ance for the swing leg, this could cause problems in
stepping over objects, and thus result in trips. There-
fore Chef et al. analyzed the kinematics of gait of
healthy young and older adults while they stepped
over obstacles of varying heights (0 inches vs. ap-
proximately 1, 2, and 6 inches). The smaller heights
corresponded to typical floor and door thresholds
and the larger ones to a curbstone, or a toy or pet
that might be found at home. They found no age-
related change in foot clearance over an obstacle.
However, they noted that four of 24 older adults
compared to no younger adults stepped on an ob-
stacle during the experiment. Since the trials with
obstacle contact were found equally throughout the
test period, the authors predicted that inattention,
rather than fatigue, was probably the cause of these
incidents. They also found that older adults used a
more conservative strategy while crossing the obsta-
cles. This consisted of a slower crossing speed,
shorter step length, and placement of the last heel
strike before the obstacle closer to the obstacle.

The authors noted that the age-related differences
in gait characteristics while crossing obstacles may be
in part caused by decreased joint range of motion in
the legs of the older adults. Thus age-related changes
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in cognition and range of joint motion might be two
factors causing changes in older adults’ gait charac-
teristics during obstacle crossing.

A second aspect of adaptive control of locomotion
involves the ability to recover from a trip or slip
during gait. Tang and colleagues tested the ability of
young (mean age 25 years) vs. healthy older (mean
age 74 years) adults to recover from an unexpected
slip during gait. In this study, participants were asked
to walk across a platform that unexpectedly moved
forward at heel strike, simulating a slip on ice. The
results showed that older adults were less stable in
recovering from slips, often tripping with the swing
leg, which caught on the support surface, during
their recovery phase, showing trunk hyperextension
in response to the slip and using a shortened stride
length during recovery, as shown in the stick figure of
a young vs. an older adult when recovering from a
slip in Figure 9A. Neuromuscular response changes
that contributed to this impaired recovery included a
slowing of muscle contraction onset and a reduced
muscle response amplitude. These delayed and
weaker muscle responses thus contributed to the
trips seen in the older adults during recovery. Longer-
duration muscle responses were used to compensate
for the slower and smaller response amplitudes, as
shown in Figure 9B.

Factors Influencing Changes in Gait
Characteristics

Though there are small but significant differences in
the gait characteristics of healthy older adults com-
pared to younger adults, studies by Heitemann et al.
and Gehlsen and Whaley showed that older adults
with a history of falls have significantly different gait
characteristics than those without falls. Heitmann
and colleagues noted that older women fallers were
able to stand for significantly shorter times with
feet in tandem position than non-fallers, and also
showed increased step width during gait. These
changes could be caused by undiagnosed pathology
in these subjects. However it is also possible that, as
a result of many falls, older adults develop a fear of
falling, which also contributes to changes in gait
patterns.

The results of many studies indicate that one rea-
son older adults walk less quickly than young adults
is that they consciously choose a more conservative
or safe walking style. This suggests that fear of falling
may contribute to changes in gait in the older adult.
For example, Tinetti and colleagues found that pre-
ferred walking speed, anxiety level, and depression
are significant predictors of fear of falling in older
adults.
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Figure 9 (A) Stick figures taken from the motion analysis of the movements of a young adult and a healthy older adult when recovering

from a forward slip. The older adult shows backward extension of the trunk and the raising of the arm during balance recovery. (B)
Means and standard deviations of muscle contraction onset latency, muscle burst duration, and muscle burst magnitude for the anterior
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Summary

The research discussed here examined age-related
changes in various neural and musculoskeletal sys-
tems contributing to balance and gait. Studies on
age-related changes in balance control have shown
changes in the neuromuscular response characteris-
tics, including decreased muscle strength, a slowing
of response latencies, occasional disruption in re-
sponse organization, and an increased co-activation
of agonist and antagonist muscles when responding
to threats to balance. In addition, older adults
showed more problems than young adults when ba-
lancing under conditions in which sensory inputs
were reduced or absent, or when balancing when
performing a second cognitive task.

Similarly, in research on gait, studies have reported
a reduction in walking speed and in stride length,
with an increased double support phase. This was
accompanied by increases in co-activation of muscles
around the ankle joint. Older adults also show less
power generated by the plantarflexor muscles at
push-off, which could cause the reduced stride
length. The reason for the weaker push-off could
be reduced muscle strength. Studies examining the
effects of a variety of training programs on balance
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Glossary

Additive Genetic Variance — The extent to which
genotypic values add up linearly in their effect on
the phenotype.

Behavioral Genetics — The study of genetic and
environmental factors that create behavioral
differences among individuals.

Concordance — The presence of a given trait in both
members of a pair.

Genotype-Environment Correlation — The extent to
which an individual’s environmental experience

and gait characteristics have shown that muscle
strength training, sensory organization training,
and dynamic balance training programs, such as
Tai Chi, significantly improve balance function in the
elderly.

See also: Falls; Motor Control; Neuromuscular System.
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is systematically related to their genetic predispo-
sitions.

Genotype-Environment Interaction — The extent to
which the effect of a particular environment de-
pends on someone’s genetic propensity.

Heritability — A statistic that describes the propor-
tion of phenotypic variance that is due to genetic
variance, which can be partitioned into two types —
additive and non-additive.

Non-additive Genetic Variance — Genetic influ-
ences due to dominance (interactions between
alleles at a single locus), as well as the vari-
ance due to the higher order interactions called
epistasis (interactions between alleles at different
loci).

Non-shared Environment — Any environmental in-
fluence that makes family members different from
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one another (including error variance; also called
specific or within-family effects).

Shared Environment — Influences that contribute to
phenotypic similarity among family members (also
referred to as common or between-family effects).

Introduction

The age-related diseases and physiological changes
that we have come to think of as part of ‘normal
aging’ do not affect all people in the same way, nor
do all individuals experience the same changes as
they age. In fact, older adults are thought to be more
diverse than younger adults in health, psychological
functioning, and dimensions of social interaction. In
other words, the observed heterogeneity among age
peers increases over the life course, and the members
of a cohort are said to ‘fan out’ as they age, becoming
more dissimilar for any given characteristic. The
need to explain this functional heterogeneity is a
major objective of research in gerontological beha-
vioral genetics. This article provides a brief overview
of prior research on behavioral genetics, giving em-
phasis to the conceptualizations, empirical findings,
and age focus that characterize previous studies. The
next section describes research assessing genetic and
environmental influences on longevity, health, cog-
nitive functioning, personality, and psychopathology
in later life. A final section reviews future research
directions in the rapidly developing field of ger-
ontological behavioral genetics.

Behavioral Genetic Studies of Aging

As of 1980, only one study specifically designed to ad-
dress issues of genetic and environmental influence on
biobehavioral aging had been reported: the New York
State Psychiatric Study of Aging Twins, which was
started in 1946 to study hereditary aspects of aging and
longevity. Since that time, there has been an explosion
in the number of behavioral genetic studies of aging.

American Samples

Several twin samples that focus on issues relative to
gerontological research were derived from military
records. The National Academy of Science-National
Research Council Twin Study (NRC-NAS), started in
1955, originally consisted of almost 16 000 white male
twin pairs born in the years 1917 to 1927, who were in
the armed forces during World War II. Detailed as-
sessments of lifestyle and health behaviors, medical
conditions, occupation/retirement, social support, and
cognitive functioning were obtained on these twins in

1965, 1983-86, and 1998-99. The current sample in-
cludes approximately 2055 pairs of twins. The Na-
tional Heart, Lung, and Blood Institute Twin Study
(NHLBI) represents a subsample of the original NAS-
NRC twin study. The study includes 514 pairs of male
twins who have participated in five in-person exams
(1969-71, 1981-83, 1985-87, 1995-97, and 1999-
01), with a focus on the psychological, demographic,
metabolic, cardiorespiratory, anthropometric, and so-
cial aspects of proneness to coronary heart disease
(CHD) and related disorders.

Other samples have been developed in specific
states. The Minnesota Twin Study of Adult Devel-
opment and Aging (MTSADA) is a population-based
registry that includes information from 901 pairs of
twins born in the state of Minnesota between 1897
and 1955 (with a majority born from 1904 to 1934).
Participants were identified by birth records from
the Minnesota State Health Department and were
recruited using state marriage and motor vehicle
records. Twins were assessed on a variety of cognitive,
personality, and lifestyle measures.

The family portion of the Seattle Longitudinal Study
was initiated in 1990 by selecting the adult offspring
and siblings of the original sample. The sample in-
cludes 531 target parents (age range = 39-91; mean =
64), their siblings (age range = 22-89; mean = 58), and
their adult children (age range =22-74; mean=40).
All participants were community-dwelling individuals
at the time of testing. Multiple measures of psycho-
metric cognitive attributes, family environment, and
personality were administered.

The Carolina African American Twin Study of
Aging (CAATSA) was designed to assess genetic and
environmental influences on the etiology of memory,
personality, health behaviors, stress, chronic illness
(e.g., cardiovascular disease, high blood pressure,
arthritis), and social forces in a sample of African
American twins ranging in age from 25 to 85.
The registry was developed using birth records from
19 counties in North Carolina, and the current sam-
ple contains 202 monozygotic (MZ) twin pairs, 364
dizygotic (DZ) pairs, 62 siblings, and 78 singletons.

The Health of Older Twins Study (HOOTS) and
the Black Elderly Twin Study (BETS) were created
using national, population-based samples and were
designed to estimate genetic and environmental
contributions of physical frailty in older Caucasian
and African American twin pairs. The sampling
strategy capitalized on the use of date of birth, race,
and characteristics of the Medicare health insurance
claim number to identify potential pairs for study.
The AARP Twin Study, on the other hand, includes
volunteer sampling from the American Association
of Retired Persons database.
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European Registries

Much of what we know about genetic and environ-
mental influences on the aging process comes from
European registries. The Swedish Twin Registry con-
tains information on nearly 25 000 pairs of twins born
in Sweden between 1886 and 1958, with a primary
focus on cancer, cardiovascular disease, depression,
health and health-related behaviors, substance use
and abuse, cognitive functioning, and personality.
The Swedish Adoption/Twin Study of Aging (SATSA)
is a subsample of the Swedish Twin Registry that in-
cludes information from 351 pairs of twins reared
apart as well as a matched control group (based on
age, gender, and county of birth) of 407 pairs of
twins reared together. A variety of measures assessing
different phenotypic traits (e.g., health, cognitive
functioning, personality, social support, environmen-
tal contexts) has been obtained longitudinally at
3-year intervals from 1984 to 1993, which also in-
clude extensive in-person testing on a subsample of
150 pairs (at 3-year intervals from 1985 to 2002).

A second subset of the Swedish Twin Registry is
the Octogenarian Twin Study (OCTO Twin), which
is based on twins ranging in age from 80 to 89 (born
prior to 1914). The twins have been assessed at
2-year intervals over an 8-year period for a total of
five occasions of measurement. The sample at the
first time point included 702 individuals (351 pairs;
93 MZ and 141 DZ pairs of female twins and 56 MZ
and 61 DZ male twin pairs). Measures include
health, personality, psychological well-being, cogni-
tive ability, and interpersonal factors. A third subset
is the Study of Dementia in Swedish Twins (HAR-
MONY), which includes Swedish twins (65 and
older) in which at least one member of the pair
screened positive for dementia. Identified pairs were
given an extensive evaluation that included physical
and neuropsychological exams, a family history, and
assessments of possible environmental factors. Asso-
ciation studies with candidate genes for Alzheimer’s
disease are also being done.

The Danish Twin Registry includes twin pairs born
in Denmark between 1870 and 1910 and same-sexed
twins born between 1911 and 1930 (old cohort) and
1931 to 1952 (new cohort), resulting in data from
more than 32000 twin pairs. The Longitudinal Study
of Aging Danish Twins (LSADT) originated in 1995
and incorporates all registered Danish twins born prior
to 1920, regardless of whether the co-twin was still
living at the time the sample was created (included
3099 individuals and 733 intact pairs). The surviving
members of the original cohort have been assessed at
2-year intervals since 1997. The LSADT is a cohort-
sequential design, with additional cohorts added at

each assessment, including twin pairs who were born
in 1920-23 (in 1997), 1923-28 (in 1999), and 1929-
30 (in 2001). A total of 4731 individual twins have
completed an LSADT intake assessment, either through
in-person interview or by proxy, including 1112 same-
sex twin pairs with known zygosity. Data collection
centers on aging and age-related health, metabolic and
cardiovascular disease, longevity, and mortality.

The Danish Adoption Register is a study of fam-
ilies (e.g., adoptees, adoptive parents, biological
parents, siblings) from non-familial adoptions in
Denmark between 1924 and 1947. The primary fo-
cus has been on genetic and family environmental
influences on psychiatric disorders (especially schiz-
ophrenia), but more recent work has also included
indices of physical health (e.g., obesity, somatic dis-
orders), health-related risk factors (e.g., smoking),
and mortality and morbidity.

The old Cohort of the Finnish Twin Registry (Old
Finnish Twin Cohort) includes information on
13 888 twins with a research focus on physical
activity and health outcomes, including premature
mortality, CHD, diabetes, hip fractures, sleep disor-
ders, and cancers. Twins have been followed up for
mortality with the National Medical Registries. In
2000, the Finnish Twin Study on Aging (FITSA) was
developed to assess frailty and disability in older
women. The subsample of the registry includes 217
pairs of female twins (102 MZ and 115 DZ) ranging
in age from 65 to 75. The primary focus of this re-
search is on physical capacity and functional abilities.

The Norwegian Twin Register is a population-
based registry based in Oslo, Norway, that contains
between 800 and 900 pairs of twins for each cohort
born between 1895 and 1944. The primary focus
of research using this registry is mental illness, espe-
cially manic depression, Alzheimer’s disease, and
schizophrenia.

The St. Thomas UK Adult Twin Registry, started in
1993, contains 10 000 pairs of twins ranging in age
from 18 to 80 (average age is 45), 3000 of whom are
at least 50 years of age. It is a volunteer sample,
primarily female, recruited with successive media
campaigns. The focus of the registry is common dis-
eases of aging, primarily cardiovascular, metabolic
(immune function), musculoskeletal (osteoporosis,
arthritis, back pain), and related physical attributes
(e.g., obesity). The majority of the twin pairs have
participated in clinical screenings that have assessed
multiple aspects of health and functioning and
provided DNA samples for future work in this area
(1500 of the pairs have information from a full
genome scan).

The Munich GOLD Project (Genetic-Oriented
Longitudinal Study of Differential Development)
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includes about 250 identical and fraternal pairs of
twins born between 1912 and 1932. The twins were
ascertained via newspaper advertisements in Mu-
nich, Germany. The variables of primary interest are
personality, intelligence, motivation, emotion, and
aspects of social behavior.

The Italian Twin Registry includes a sample of
120000 twins, with a substantive focus on aging,
dementia, cardiovascular disease, diabetes, and asth-
ma. The Twin Epidemiological Register of Rome
(TERRY) includes information from 13228 twins
with data collected to assess lifestyle, development,
and aging. Of these twins, 3000 pairs were born prior
to 1950, and in 1997, researchers created a subregis-
try referred to as ‘Lifestyle and Aging’ (LISA), which
focuses on the role of physical activity on successful

aging.

Asian Registries

The Osaka University Aged Twin Registry (OUATR),
formerly referred to as the Kinki University Panel,
includes 12 000 pairs of oriental (primarily Japanese)
twins born between 1900 and 1935, 250 pairs of
which were separated early in life and reared apart.
The registry reflects a volunteer sample ascertained
through media advertising. The focus of the registry
is on aspects of aging, including dementia, disease,
changes in cognitive functioning, life satisfaction,
and quality of life. A subsample has been assessed by
multiple in-person cognitive tests, received compre-
hensive medical exams, and participated in interview
assessments of lifestyle factors, family history, med-
ical history, and diet.

The Korean Twin Registry (KTR) includes 990
pairs of twins born before 1930 and 6243 born prior
to 1950. This sample is still in the developmental
phases; the initial focus of the research will be health
morbidity and mortality. This is a population-based
registry, and to date it has only been linked with
available health data from the Korean National
Health Insurance. Detailed data on medical history,
subjective health status, family history of disease,
exercise, diet, and cancer screens are available. Cause
of death, for those twins who are deceased, is also
available.

Other Registries

The Australian Twin Registry was established in the
late 1970s and contains more than 30000 pairs of
Australian twins. The ATR does not undertake re-
search itself but acts as a facilitator, providing an
important national and international resource for
medical and scientific researchers. The old cohort
of the Australian Twin Registry is composed of

approximately 1200 pairs of twins ranging in age
from 50 to 90 (mean=61.4), who have been as-
sessed multiple times since 1993 on a variety of
health and lifestyle attributes.

Studies of Mid-Life

Additional studies focus on mid-life participants,
with plans to follow them into old age. Adult
Russian Twin Study includes data from 130 pairs
of twins — 79 MZ and 51 DZ - from the metropol-
itan Moscow area. The mean age of the sample is
42 vyears (standard deviation [SD]=8.9). Measures
focus on personality, health, smoking behavior, and
contextual factors that might inform on cultural and
environmental influences on individual differences in
health outcomes.

The German Observational Study of Adult Twins
(GOSAT) is a subsample of twins from the Bielefeld
Longitudinal Study of Adult Twins, which is a pop-
ulation-based registry in Germany. The full sample of
twins consists of more than 2500 pairs ranging in age
from 18 to 70 (mean=34) recruited from all over
Germany. These twins have been assessed longitu-
dinally on measures of personality and cognitive de-
cline. The GOSAT consists of 300 pairs of twins (162
MZ and 132 DZ), primarily females (78%), who
have been assessed using peer report and observa-
tional/videotaped methods in addition to the more
typically used self-reports. More specifically, data in-
clude videotapes of behavioral observations in quasi-
natural settings, objective temperament assessments,
unobtrusive behavior registrations, psychometric in-
telligence data, and measures of mental speed using
elementary cognitive tasks. The primary objective is
to use multiple methods to better understand genetic
and environmental influences on the attributes of
interest.

The Minnesota Study of Twins Reared Apart
began in 1979 and has since studied more than 100
sets of reared-apart twins or triplets. Subjects par-
ticipate in approximately 50 hours of medical and
psychological assessments at the University of Min-
nesota. The majority of the twins are from the United
States and Great Britain, but some reside in other
countries. The sample generally includes data from
49 pairs of MZ twins (47 pairs and two sets of tri-
plets) and 25 DZ pairs, and is predominantly females
(64%) with a mean age of 40 (SD=11.5). The
members of the sample were separated very early in
life (1.5 years on average) and were not reunited
until adulthood (mean age of reunion=32.6). The
assessments included a large battery of cognitive
tests, as well as multiple measures of personality,
a medical exam, social attitudes, occupational
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interests, a life history interview, assessments of the
rearing environment, and a psychiatric interview.

The Mid-Atlantic Twin Registry (MATR) is a
combination of the Virginia and North Carolina
Twin Registries with the addition of a population-
based twin sample from South Carolina. The sample
includes 46 000 twin pairs, with 2250 over the age of
55. The mean age is 35, with birth years ranging
from 1913 to 2000. The attributes relevant to aging
include cardiovascular disease and mental health
problems such as depression and anxiety.

The MIDUS (National Survey of Midlife Dev-
elopment in the United States) twin sample was re-
cruited using a nationally based telephone screening
survey that contacted 50000 households for the
presence of a twin. The sample includes 998 twin
pairs, ranging in age from 25 to 74 (mean=47.2;
SD =12.6), assessed on a broad battery of question-
naires in the areas of physical health, psychological
well-being, and social connectedness. In addition,
216 same-sex pairs (116 MZ and 110 DZ) partici-
pated in a study of daily experiences via telephone on
each of eight consecutive evenings.

The Vietnam Era Twin Registry (VET) includes
information from 7375 male twin pairs, both of
whom served during the Vietnam conflict (1965-75).
The twins were born between 1939 and 1957, with
current ages ranging from 47 to 66. The focus of the
registry is on genetic epidemiological studies of phys-
ical and mental health, primarily cognitive function-
ing, health and disease, personality, and aspects of
psychopathology. Detailed lab and clinical assess-
ments are available on a subsample of the registry.
The long-term goal is to study attributes of the aging
process from middle into old age.

Genetic and Environmental Influences in
Later Life

Longevity and Health

More than a century ago, Oliver Wendell Holmes
suggested that “several years before birth, advertise
for a couple of parents belonging to long-lived fam-
ilies.” Because familial resemblance includes both
genetic and environmental influences, however, fam-
ily studies alone do not provide conclusive evidence
for a genetic component to longevity. Results from
twin and adoption studies are also necessary to sup-
port the conclusion that genetic factors play a role in
how long people live. The most extensive work of
this type comes from the Danish Twin Registry. Re-
sults from this research indicate a moderate herita-
bility across the life span ranging from 20 to 25%,
with no differences by gender. The majority of the

variance is environmental in origin and is of the ‘non-
shared’ variety, contributing to differences rather
than similarities among family members.

One reason why the relationship among family
members for longevity is modest is that what chil-
dren inherit from their parents is not longevity per se,
but rather ‘frailty.” That is, children inherit suscep-
tibility to disease, or other risk factors that contrib-
ute to their chances of death at different ages. For
example, results from a Danish adoption study indi-
cated that the early death of a biological parent cor-
responded to a twofold increase in mortality of the
adoptee. Additionally, despite different structures in
the survival data from Swedish and Danish twins, the
results in both studies suggest a heritability of
individual frailty of about 50%. Similar results were
found in the NAS-NRC Twin Registry. In this sam-
ple, genetic differences for liability to death from
disease accounted for 54% of the individual differ-
ences for this trait, indicating that significant familial
resemblance for disease mortality is due to hereditary
influences. Thus, estimates of the heritability of
frailty have consistently been around 50%, sugges-
ting that hereditary predispositions may influence the
risk of death at different ages, rather than directly
determining age at death.

Cardiovascular Disease Cardiovascular disease is a
complex disorder that is determined by multiple
genes, environmental factors, and their confluence.
For example, the risk of death from myocardial in-
farction (heart attack) is one and a half to two times
greater in a man whose male sibling died at an early
age (less than 50 years of age). This type of prema-
ture CHD is a single gene defect, affecting lipopro-
tein metabolism, which accounts for about 5% of
coronary disease in the population.

Because of the multidimensional nature of car-
diovascular disease, attributes such as blood pressure,
cholesterol levels, and glucose intolerance have been
studied separately. For example, 44% of individual
differences in systolic and 34% in diastolic blood
pressure were genetic in origin using data from SAT-
SA, with shared family environment accounting for
up to 27% of the variance. Model-fitting analyses
indicated significant age differences in heritability for
serum lipid (e.g., cholesterol) and apolipoproteins. In
the young cohort (age <65) the heritability estimate
for total cholesterol was 63%, whereas in the older
group (age >635) the heritability was 26%. Although
hereditary factors are clearly important, genetic in-
fluences appear to be more pronounced at younger
ages. Shared rearing environment also contributed to
individual differences in total cholesterol levels (es-
pecially in the older cohort), accounting for 16 and
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36% of the variance in the young and old cohort,
respectively.

A report from the NHLBI focused on risk factors
for cardiovascular disease in middle-aged men. The
patterns of similarity for male twins suggest that the
familial aggregation of cardiovascular disease results
from a heritability of 60% for blood pressure (both
systolic and diastolic), 25% for hematocrit, 53% for
uric acid, and 56% for triglyceride levels. In addition
to shared environment, genetic influences accounted
for 14 to 31% (corrected for a variance difference in
DZ versus MZ twins) of individual differences in
cholesterol levels in these twins. In a 16-year follow-
up of this sample, an inverse relationship between
plasma high-density lipoprotein cholesterol (HDL-C)
and the risk for the complication of arteriosclerosis
was found, with a bivariate heritability of 56%. In a
Japanese sample (OUATR), heritability for both
types of cholesterol (low-density lipoprotein [LDL]
and HDL) was 0.50.

Reports from the NAS-NRC Twin Registry dem-
onstrated that ‘healthy aging’ (primarily defined as
the absence of cardiovascular disease up to age 70) is
under a significant degree of genetic influence, with
estimates hovering around 50%. Work in this area in
the early twenty-first century has begun to focus on
identifying chromosomal areas that may be linked to
the healthy aging phenotype.

Stroke Although multiple studies have assessed vas-
cular disease (primarily cardiovascular), few studies
have looked at the etiology of cerebrovascular acci-
dents (CVA), more commonly referred to as strokes.
Researchers, using male twins from the NAS-NRC
Twin Registry, reported concordance rates of 17.7%
for MZ and 3.6% for DZ twins. Although there were
too few pairs of twins with strokes to reliably esti-
mate the magnitude of heritability, these results in-
dicate a nearly fivefold increase in the co-occurrence
of stroke in MZ twins when compared to DZ twins.
A long-term follow-up of twins from the Danish
Twin Registry indicated that genetic factors increase
the risk of stroke but that the effect is more mod-
erate, showing a twofold increase for concordance in
MZ versus DZ pairs in this sample.

Diabetes Mellitus Close relatives of patients with
diabetes mellitus (DM) have increased risk of develo-
ping the disease, but the risk is almost exclusively for
the same form of the disorder (insulin or non-insulin
DM) as is present in the proband. Heritability
appears stronger for non-insulin (type II) diabetes;
concordance rates for MZ twins are 70 to 100%,
whereas for insulin-dependent (type I) diabetes,
the MZ concordance rates are 10 to 50%. Perhaps

the strongest evidence for genetic influence on type II
diabetes comes from a study on glucose intolerance;
data from the NHLBI study indicated that the her-
itability for glucose intolerance was 88%. Others
have suggested a genotype—environment interac-
tion, speculating that environmental agents (e.g.,
diet) may be important in determining the severity
of glucose intolerance in genetically predisposed
people.

Self-Reported Health Self-reported health is of
particular relevance because as a global indicator, it
reliably predicts functional ability, survival, and ob-
jective measures of health status. It is also related to
life satisfaction and overall cognitive functioning,
and as such reflects the complex relations between
physical and psychological aspects of health and ill-
ness. Research in this area has indicated that heredity
is of moderate importance for perceptions of health
status. For example, the heritability is 0.43 in the
MTSADA, with the remaining variance due to non-
shared environment. In the data from the Swedish
Twin Registry, twins were divided cross-sectionally
into four age groups (17-44, 45-64, 65-74, and
75-91), and results suggested that variability in self-
rated health increased linearly across age groups.
These age differences were also characterized by
significant differences in genetic and environmental
influences on the change in variability across cohorts,
with the increase in variance early and late in adult-
hood primarily due to environmental factors and the
variance in mid-life — 45 to 75 years of age — influ-
enced by hereditary factors as well. Additionally,
women generally report worse overall health, but
studies do not show that this difference is genetically
influenced. Similar results have emerged from Den-
mark and Norway. It should be noted, however, that
longitudinal data are necessary to distinguish cohort
differences from aging effects and to assess continu-
ity or change in environmental influences.

Functional Status Studies have also assessed the
extent to which individual differences in functional
abilities (e.g., mobility, participation in leisure
activities, ability to engage in light or heavy house-
hold chores, work, and travel) are affected by
heredity in later life. For example, data from the
NAS-NRC Twin Registry indicated that additive
genetic effects accounted for 19 to 33% of the var-
iance in functional ability in 8 of the 10 indicators
assessed, but the 95% confidence intervals included
0.0 in all but three cases. Non-shared environmental
effects accounted for almost all of the remaining
variance. In considering the extent to which health
limitations impair functional activity, the results
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indicated that 21% of the variance was due to add-
itive genetic influences and 78% to non-shared
environmental effects (in this case the 95% confi-
dence interval did not include 0.0). In female Danish
twins 75 and older, heritability estimates of functional
ability ranged from 34 to 47% in women 80 and
older, but only 15 to 34% in women 75-79. These
results suggest that interventions directed toward
unique aspects of the environment (e.g., diet, nutri-
tion, health-care utilization, stress maintenance) may
be especially important in lengthening the period of
active life and contributing to positive outcomes in
later life.

For many aspects of health and longevity, results of
behavioral genetic research indicate that similarities
between parents and offspring are typically lower
than resemblance between siblings within a family,
suggesting that cohort or age is important to con-
sider. It is also likely that apparent differences in
heritability across the life span are due to selection
effects on longevity or functional capacity. For ex-
ample, genetic influences may appear to be more
important for health in middle adulthood, because
characteristics that are highly heritable may result in
the death of one or both of the twins. The impact of
the loss of these subjects from the sample (or poten-
tial sample) is an artificially lower heritability esti-
mate for the later age groups. Gender may also be a
factor; unfortunately, studies do not always converge
as to whether genetic and environmental effects
differ for males and females. Given that many stud-
ies, especially on adults, control for possible gender
effects by statistically removing differences by gender
or by including only males or females in their sample,
important information may be missing regarding the
role that gender plays in genetic and environmental
etiologies of disease and its physiological markers.

Cognitive Functioning

Cognitive abilities are among the most heritable di-
mensions of behavior, with genetic factors consist-
ently accounting for about 50% of the variability
in studies of childhood, adolescence, and young
adulthood. Studies of later life have indicated higher
levels of heritability for general cognitive abilities
(see Table 1) than are typically observed in younger
populations. For example, assessments from the SAT-
SA indicated that 80% of the variability for twins 60
years of age (average age) was due to genetic differ-
ences. It was originally speculated that the higher
heritability estimates could be related to specific
characteristics of the Swedish sample, but these re-
sults have been replicated in studies using middle-age

and older subjects in United States and Norwegian
samples.

Research on specific cognitive abilities (e.g., ver-
bal, perceptual speed, spatial orientation, memory)
also implicates substantial genetic involvement, al-
beit less than what is reported for general abilities.
Across multiple studies, the heritabilities range from
0.0 to 0.86, with the lowest estimates for measures
of memory and the highest estimates for verbal
ability and perceptual speed. A perusal of Table 1,
however, indicates that there is much variability in
these results. It has been hypothesized that the
genetic influences on the cognitive domain are more
general than specific. An interesting analysis from the
SATSA looked at the relationship between the factor
loading of the specific scale on the principal compo-
nent and estimates of heritability, and found that the
factor loadings were correlated with the heritability
of the tests. The authors speculated that the more a
trait taps into general cognitive ability, the more
heritable it is.

Interestingly, much of the remaining variance in
cognitive functioning is due to non-shared environm-
ent, although there are notable exceptions here as
well. For example, findings from verbal ability tests
consistently illustrate the importance of environmen-
tal factors in contributing to familial similarity, with
estimates for shared environment ranging from 0.14
to 0.30. The Seattle Longitudinal Study explicitly
assessed the extent to which aspects of the early and
current family environment (measured with the Fam-
ily Environment Scale) contributed to familial sim-
ilarity (between siblings and between parents and
offspring) for cognitive abilities. Results indicated
that early family environment, both shared and
uniquely experienced, impacted familial similarity
in adult cognitive functioning, especially in siblings.

Another area of later life that has received much
attention is cognitive decline, and multiple studies
have measured different aspects of cognitive status
(e.g., the Mini-Mental Status Exam [MMSE]). One
sample in which cognitive decline has been ex-
tensively studied is the NHLBI, which showed her-
itability estimates of 0.22 for the Iowa Screening
Battery, 0.38 for the MMSE, and 0.76 for Digit
Symbol. A subsample of 44 of the male twin pairs
was followed over a 5-year period to assess changes
in cognitive function, based on the digit symbol
measure. Although the sample was small, the results
indicated that digit symbol substitution was heritable
(0.80 and 0.88 at times 1 and 2, respectively). The
prevalence of decline (defined as one or more SD
changes) was similar in both MZ (35%) and DZ
(39%) twins, but the concordance rates for decline
were not. For identical twins, the concordance rate
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Table 1 Estimates of heritability, shared environment, and non-shared environment for a variety of cognitive abilities across studies

focusing on later life®

Study Trait Heritability Shared Non-shared
environment environment
SATSA General intelligence 0.81 0.00 0.19
Verbal ability 0.52-0.63 0.00-0.14 0.23-0.48
Perceptual speed 0.51-0.64 0.00 0.36-0.49
Spatial ability 0.40-0.58 0.00-0.11 0.30-0.60
Memory 0.32-0.44 0.00 0.56-0.68
Cognitive status 0.30-0.64 0.00 0.36-0.61
Norwegian Twin Register General intelligence 0.81 0.07 0.12
Verbal ability 0.59-0.86 0.00-0.26 0.12-0.27
Perceptual speed 0.49-0.75 0.00-0.28 0.23-0.33
Spatial ability 0.33-0.58 0.00-0.22 0.21-0.56
Memory 0.51 0.10 0.39
MTSADA General intelligence 0.80 0.00 0.20
Verbal ability 0.56 0.30 0.14
Performance (perceptual speed 0.60 0.07 0.33
and spatial)
Memory 0.56-0.64 0.00 0.36-0.44
Osaka/KinkiUniversity Twin Study Spatial ability 0.60 0.00 0.40
Memory 0.00 0.35 0.65
Cognitive status 0.22 0.33 0.45
NAS/NRC Cognitive status 0.30 0.18 0.52
NHLBI Cognitive status 0.38-0.76
LSADT Cognitive status 0.26-0.54 0.00 0.46-0.74
Seattle Longitudinal Family Study® Intellectual ability 0.29
Verbal ability 0.25-0.27
Spatial ability 0.15
Perceptual speed 0.07-0.27

#Ranges of parameter estimates reflect multiple indices of the constructs.
b These are parent—offspring correlations (corrected for age at testing), which reflect familiality — 1/2 heritability and shared environment.

was 45%, whereas in fraternal twins the rate was
8%; thus, at least a portion of the rate of change in
cognition (indexed by a measure of perceptual speed)
is influenced by hereditary factors.

The MTSADA researchers looked at the relation-
ship between memory and cognitive functioning, life-
style, and personality factors. They were interested in
the general observation that there are large individual
differences in memory ability among older individu-
als. In addition, older individuals who are high in
verbal ability maintain a high level of intellectual
activity, have larger working memory capacity, main-
tain a high level of general or physical activity, and
manifest little test anxiety. The researchers specifically
focused on the etiology of the relationship between
measures of memory capacity and measures of social
class (occupation, education, and vocabulary), pro-
cessing speed (reaction time, digit symbol), intellectual
activity, and physical activity. The results indicated
that genetic influences on memory are largely medi-
ated by processing speed and social class, whereas

environmental influences on memory are mediated to
some extent by physical activity. Thus, the authors
suggested that interventions for a decline in memory
functioning might best be targeted at lifestyle vari-
ables such as physical activity.

Personality

Results of research in childhood, adolescence, and
young adulthood indicate that genetic influence for
self-reported personality is significant, but moderate,
ranging from 30 to 50%. Although environmental
influence is important, almost all the environmental
variance is non-shared. Nonetheless, most of the var-
iance is environmental, even for the most heritable
personality traits. As is indicated in Table 2, herita-
bility for personality in later adulthood is only slightly
lower than results reported earlier in the life span.
Researchers have also looked at the extent to
which genes and environment contribute to longi-
tudinal stability in aspects of personality across
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adulthood. In the MTSADA, genetic correlations for
various aspects of the Multidimensional Personality
Questionnaire across a S-year period ranged from
0.93 to 1.0; non-shared environmental correlations
ranged from 0.53 to 0.73. Similar results were found
in the Finnish Twin Cohort and the SATSA. The
investigators concluded that, relatively speaking,
environmental influences are more important at each
time point, but are less stable from time to time,
whereas genetic effects are stable, but are of slightly
less importance. Thus, although measures of person-
ality are moderately heritable, the genetic effects over
time appear to be consistent, contributing to conti-
nuity and not change.

One advantage of the GOSAT sample is that mul-
tiple methods of data collection are used — self-report,
peer-report, and observational assessments. Their
self-report data were consistent with heritability es-
timates from other studies of older samples (ranging
from 0.42 to 0.56), whereas estimates from the peer-
report (ranging from 0.57 to 0.81) and the combined
self- and peer-report (ranging from 0.66 to 0.79) data
were substantially higher, probably because these
data allowed for measurement error to be removed
from the non-shared environment category. The
observational data that were collected focused on
‘talkativeness,” an aspect of extraversion. Results of
the questionnaire data indicated that self-reported
extraversion showed a heritability of 0.56, peer-re-
ported was 0.60, and the observational measure was
0.30. Thus, although the heritability across all types
of measures was significant, the observational meas-
ure showed less heritability than the survey methods.
Additional research on the impact of methodological
variance is needed to fully interpret these results.

Behavioral genetic research has also assessed char-
acteristics of personality that may be particularly
relevant in later life. One example is locus of control,
which has been associated with both physical health
and psychological well-being. Analyses in the SATSA
indicated that genetic influences are most important
for self-attributions concerning responsibility and life
direction, accounting for 30% of the variance. The
familial similarity for the perceived role of luck in
determining life’s outcomes, however, is largely due
to shared rearing environmental influences. Similar
results were found in the OCTO Twin sample, which
was used to test genetic and environmental influences
on health control beliefs (i.e., due to internal control,
chance, or powerful others) and the relationship with
depression, life satisfaction, and indices of health in
the oldest old.

A second dimension especially relevant to later life
is ‘type A’ personality, which has been associated with
cardiovascular disease. Attributes such as ‘ambition,’

Table 2 Estimates of genetic (h?), shared environment (es?),
and non-shared environment (en?) for measures related to the
broad constructs of neuroticism (N), extraversion (E), openness
to experience (O), agreeableness (A), and conscientiousness (C)

Study N E o A c
SATSA

H 0.31-0.39 0.24-0.45 0.40 0.12 0.29
es® 0.04-0.12 0.00-0.13 0.06 0.21 0.11
er? 0.55-0.60 0.52-0.72 0.54 0.67 0.60
MTSADA

H 0.27-0.41 0.42-0.53 0.27 0.29 0.39-0.44
es? 0.00-0.04 0.00-0.02 0.15 0.00 0.00-0.00
er? 0.55-0.73 0.45-0.58 0.58 0.71 0.56-0.61
GOSAT (self-report)

H 0.52 0.56 0.53 0.42 0.53
es® 0.00 0.00 0.00 0.00 0.00
er? 0.48 0.44 0.47 0.58 0.47
GOSAT (peer-report)

H 0.61 0.60 0.81 0.57 0.71
es® 0.00 0.00 0.00 0.00 0.00
er? 0.39 0.40 0.19 0.43 0.29
NAS-NRC

H 0.60-0.66 0.50-0.66

es?

em

VET Registry

H 0.28-0.47

es? 0.00

er? 0.53-0.72

Swedish Twin Registry

H 0.48 0.50-0.74
es?

em

Old Finnish Twin Cohort

H 0.27-0.31 0.32-0.36
es?

er?

Adult Russian Twin Study

H 0.49 0.49-0.59
es? 0.00 0.00

er? 0.51 0.41-0.50
Australian Twin Registry

H 0.40 0.47

es? 0.00 0.00

er? 0.60 0.53

‘hostility,” ‘pressure,” and ‘hard-driving,” using a
structured interview, the Framingham measure, and
multiple other self-report measures, indicated herit-
abilities accounting for 14 to 63% of the variance,
with a typical heritability of 0.35. These results
come from the SATSA, NHLBI, Finnish Twin Regis-
try, Norwegian Twin Panel, and Australian Twin
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Registry; in fact, quite similar results were reported
across a variety of samples from different cultures,
utilizing different measures and analytical techniques.

Psychopathology

Dementia Dementia is a global term for any neuro-
logical disorder whose primary symptomology is the
deterioration of mental functioning. Alzheimer’s dis-
ease (AD) is arguably the most severe and devastating
of all of the different types of dementia, accounting for
about 50% of all cases of severe dementia. Many
epidemiological studies have been carried out in order
to identify risk factors for AD. Apart from increased
age, the other variable that has been consistently iden-
tified is a family history of the disorder. For example,
first-degree relatives of individuals with AD have more
than double the risk of also developing AD. Twin
studies, across multiple large registries, report herit-
abilities that range from 55 to 70%. One important use
of twin studies is to try to identify environmental fac-
tors that contribute directly to the development of AD
or interact with genetic effects. In a study using dis-
cordant MZ pairs from the Swedish Study of Dementia
in Twins, three factors were identified that may con-
tribute to the difference: early health, education, and
experiencing a stroke. Although potential targets for
intervention, these factors may be markers for more-
global indices of health and environmental influence.
From a genetic perspective, AD is a complex dis-
order. Four different loci have been identified that
relate to different forms of the disease; mutations in
three of these, presenilin I (chromosome 14) and 1I
(chromosome 1) and the amyloid precursor protein
(chromosome 21), cause early-onset AD. The apolip-
oprotein E (APOE) gene (chromosome 19), involved
in cholesterol transport in the blood, is associated
with late-onset AD. The different alleles also appear
to act in a dose-related fashion to increase risk and
decrease age of onset, with the E4 allele being the
most deleterious. A fifth site on chromosome 12
has been identified in a study of 54 families with
late-onset AD. This influence on the development of
AD appears independent of the APOE-4 allele and is
more highly associated with the dementia with the
Lewy bodies form of AD. A sixth site on chromo-
some 10 has also received much attention and has
been replicated in several large studies. The genes at
all sites related to late-onset AD contribute in some
way to the formation of plaques and tangles, and
involve the development or inhibition of amyloid.

Depression Depression in older adults is extremely
common: perhaps as many as one-third of older
adults are clinically depressed. Research is not yet

sufficient to draw clear conclusions about the extent
of genetic influence on depression throughout the life
span; however, a meta-analysis of major depression
using data from family, adoption, and twin studies
estimated heritability at 37%, with the remaining
variance due to unique environmental factors.

In terms of non-clinical levels of depressive affect
in an older population, SATSA results suggest only
modest genetic influence on self-reported depressive
symptoms. There is some evidence, however, that
genetic factors might increase in importance after 60
years of age, perhaps due to genetic influences on
frailty or vitality. Unlike most personality measures,
shared rearing environment accounted for more var-
iance than genetic factors. Using twins from the
Danish Twin Register, researchers focused on occa-
sion-specific depression, and found that the herita-
bility estimates ranged from 22 to 37% and were
similar in males and females. If the level of depressive
affect was assessed, the heritability was 69% in fe-
males and 64% in males; the researchers interpreted
these findings as genetic influence on overall vulner-
ability to depression. The residual indicated no her-
itability, and the authors argued that it captured the
occasion-specific circumstances that could either
modify or intensify the inherited vulnerability.

Several large family studies have indicated a
familial resemblance for depression. The morbidity
risk for depression was about 25% for first-degree
relatives of depressed probands as compared to
about 10% in the population. A particularly interes-
ting aspect of these studies concerned life events. The
frequency of stressful life events was greater among
the relatives of depressives than in the general pop-
ulation, even when negative events associated with
the probands were discounted. These results suggest
that both the liability for depression and the pro-
pensity to experience stressful life events are familial.
Such data suggest that the relationship between life
stress and depression may be more complex than was
previously thought. The surprising finding that ex-
periencing (or reporting) life events is familial is ex-
plored further in the following section.

Life Events, Social Support, and Family
Environment

A new area of interest in behavioral genetics is the
possibility of genetic influence on measures that are
presumably measures of the environment. This line
of research is based on the supposition that measures
of the environment are often indirect measures of
the behavior of individuals. Rather than thinking
in terms of genetic influences on the environment
per se, genetic influences on experiences are most
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likely due to genetically influenced characteristics of
individuals.

Life events is a category of environmental meas-
ures used in more than 1000 studies, with reports
suggesting that life events happen (or are perceived to
happen) to some people more than others. Model-
fitting analyses in the SATSA demonstrated signifi-
cant genetic influence on individual differences in
reports of the occurrence of life events. This implies
that negative life events may be genetically influenced
by attributes of individuals and that events of the
type traditionally reported do not just happen capri-
ciously. To test this hypothesis, it was predicted that
controllable life events, which may be related to as-
pects of an individual’s personality or mood state,
should be more heritable than uncontrollable ones.
As predicted, controllable events showed greater
genetic influence (h*=0.43) than uncontrollable
events (b*=0.18) in the sample of Swedish twins.
These results were confirmed in a sample of young
and middle-aged adults from the Virginia Twin
Registry, now part of the MATR.

Research from the SATSA and the Virginia Twin
Registry has also indicated that measures of social
support are heritable. This may not be surprising
given that genetically influenced characteristics such
as personality may affect how individuals construct
their social environments and how they feel about
and behave toward others. In addition, others may
respond to individuals on the basis of genetically in-
fluenced characteristics. It is also possible that gen-
etic influences are detected because most of these
measures rely on self-reported perceptions of the
environment, and genetic effects could accrue be-
cause these perceptions filter through a person’s
memories, feelings, and personality.

Multivariate genetic analyses have explored the
etiology of the association between measures of so-
cial support and psychological well-being in later life.
Results consistently indicate that both genetic and
environmental influences are important in the et-
iology of this relationship. That is, the genetic influ-
ences that contribute to the perceived adequacy of
the support network also contribute to depressive
symptoms and life satisfaction. Non-shared environ-
mental influences also mediate this phenotypic rela-
tionship. The process by which this occurs awaits
longitudinal analyses. However, some research has
suggested that genetic and environmental effects that
contribute to perceptions of social support may act
as a resource for psychological well-being.

Similar types of analyses have also focused on the
etiology of measures of family environments. Results
indicate that measures of family environment,
whether retrospective to the rearing environment or

involving the current family environment, show at
least some genetic influence. Even more surprising,
across a variety of studies, measures of warmth con-
sistently show greater genetic influence than meas-
ures of control. Studies of this type establish a need
to reformulate thinking about the environment as
being something ‘out there’ that impinges on the
organism in a unidirectional manner. One direction
for future research in this area is to begin to identify
those genetically influenced characteristics of in-
dividuals that are responsible for the genetic varian-
ce found in these ‘environmental’ measures. Likely
candidates include cognitive functioning and person-
ality traits.

Future Research Directions

Results of behavioral genetic research of the second
half of the life span indicate the need to consider both
genetic and environmental sources of individual differ-
ences in the aging process. Behavioral genetics
provides a theory that can go beyond the simple na-
ture-nurture comparisons to consider different types
of genetic (additive and non-additive) and environ-
mental (shared and non-shared) influences, the devel-
opmental interface between nature and nurture, and
the etiology of age-to-age continuity and change.

Although most of the gerontological behavioral
genetic studies described are ongoing, additional
longitudinal research is needed. Results of cross-sec-
tional studies of genetic and environmental influences
on behavior have indicated that there may be some
important etiological differences at various points in
the life span. Additionally, the etiology of continuity
and change for one trait of interest is not necessarily
related to another; thus, the assessment of whether
genetic influences are stable needs to be tested em-
pirically for each phenotype of interest. It has also
been suggested that gerontological research should
concentrate on understanding transition periods in
later life, especially those that have functional signi-
ficance. In other words, research of the future may
focus on the etiology of functional changes in older
adults as they move from optimal functioning to nor-
mal functioning, or from normal functioning to dis-
ease states or pathological functioning. Through the
use of longitudinal behavioral genetic designs (e.g.,
longitudinal analyses of phenotypic relationships in
genetically related individuals), it is possible to disen-
tangle the dynamic pattern of genetic and environ-
mental influences on development in later life.

Most of what is known about the genetics of
individual differences in aging comes from quanti-
tative genetic research on twins and adoptees. Stun-
ning advances in molecular genetics, however, will
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make it increasingly possible to identify specific genes
responsible for the nearly ubiquitous genetic influ-
ence seen for behavior. Many of the studies described
have banked subjects’ DNA for future studies, are
conducting candidate gene searches, or have done
entire genome scans. The allure of molecular gene-
tics, however, should not detract from the need for
more quantitative genetics research that can guide
the search for genes. Such quantitative genetic re-
search is likely to be most helpful in understanding
nurture rather than nature, and especially the inter-
face between them.

Genetic influences are likely to be significant and
substantial for many dimensions of variability in later
life. Understanding the etiology of differences among
individuals may be critically important for improving
the quality of later life. Understanding the causal fac-
tors underlying individual differences in functioning
and adjustment late in the life span represents a com-
pelling route to advancing primary prevention and
intervention programs in later life. Because the health
problems discussed in this article are complex, it is
unlikely that a single intervention will be appropriate.
Given the results of behavioral genetic research to
date, it may prove fruitful to examine the ways in
which combinations of genotypes and environments
work. For example, research on CHD has indicated
that even individuals who eat essentially the same diet
show large individual differences in CHD, probably
due to differences in genetic predisposition — this is
referred to as a genotype—environment interaction. In
fact, research has indicated that a high blood choles-
terol level appears to be a prerequisite for the dele-
terious effect of other secondary factors, such as
hypertension, diabetes, autoimmune disorders, and
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Glossary

Bereavement — Both the situation and the long-term
process of adjusting to the death of someone to
whom a person feels close.

coagulation factor levels. Thus, if an individual is not
genetically predisposed to high levels of LDL choles-
terol, then the other risk factors such as smoking or
high blood pressure may not be as important to the
development of cardiovascular disease. Because peo-
ple are so different, it is unlikely that any single in-
tervention or prevention strategy will work for all
elderly individuals. Behavioral genetic research on
individual differences in aging takes an important first
step in the direction of understanding the etiology of
these individual differences.

See also: Cognitive-Behavioral Interventions; Environ-
mental Gerontology; Genetics.
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Grief — The affective or emotional responses that
people often experience during the early phases of
the bereavement process.

Mourning - The commonly accepted or cultu-
rally patterned ways people behave and express
themselves during the bereavement adjustment
process.

Resiliency — The ability to bounce back or recover
from stressful and difficult losses and bereavement
experiences.
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Introduction

Bereavement refers to both the situation and the
long-term process of adjusting to the death of some-
one to whom a person feels close. The term also has
been used in reference to losses other than death,
such as the loss of a home or personal belongings due
to fire or a natural disaster. It is more common,
however, to use the term bereavement in situations
following the death of a friend or relative, or even an
animal companion. Other terms associated with the
bereavement process include grief and mourning.
These terms are distinguishable from bereavement in
that they refer to specific aspects of the broader
process. Grief is characterized by the affective or
emotional responses that people often experience
during the early phases of the bereavement process.
These feelings frequently include disbelief, confusion,
shock, numbness, sadness, and sometimes anger and
guilt. Feeling abandoned, lonely, or depressed and
being preoccupied with thoughts of the deceased
person and the events surrounding the death are
often components of grief.

Not all persons experience these feelings, and the
degree of intensity varies in those who do, but it is
common for bereaved persons to feel a wide range
of emotions that come and go quickly and that can
reappear over many months or even years. Culture
plays a role in shaping how people experience and
express bereavement. Most professionals use the
term mourning to refer to the commonly accepted or
culturally patterned ways people behave and express
themselves during the adjustment process. Mourning
refers to such behaviors as crying, missing work, al-
tering daily routines, attending funerals, cremations,
and burials, following standards for dress and ap-
pearance, and participating in other rituals that are
influenced by the surrounding culture.

Variety of Bereavement Experiences

Throughout our lives we experience many kinds of
losses that require us to make adjustments. As infants,
we become temporarily separated from parents and si-
blings. We leave the familiar surroundings of the home
to attend school. As children, we lose toys, clothes,
pets, and valued belongings. We, or our friends, move
away to new neighborhoods. Children lose relation-
ships with teachers, clubs, organizations, and peers as
they advance from elementary grades through high
school and college. Over the life course we lose more
friendships and relationships due to job relocations,
deaths, and retirement. With divorce rates near 50% in
the United States, millions are experiencing the loss of
marital relationships, parents, and family life. Some

people also will lose hair, hearing, sight, muscle tone,
independence, and mobility. In short, if we are fortu-
nate to live long lives we will experience many signi-
ficant losses. Each loss has the potential of disrupting
patterns of behavior, requiring adjustments, but also
adding to the course of our development. Bereavement
can accompany these losses, if what was lost was
highly valued by the individual.

It is important to acknowledge the numerous and
diverse losses that people experience, because each
can contribute to a better understanding of how
people manage and cope with other bereavement
situations. For example, we might better understand
and help older bereaved spouses if we know more
about how they experienced relocation, physical, and
relationship losses earlier in their lives. Similarly, we
need to appreciate the uniqueness of each loss or
bereavement experience. Although sadness might be
a grief response common to both relocation and the
death of a spouse, it is unlikely that anger or guilt
would be equally present in both situations.

As stated previously, bereavement is most com-
monly used in reference to losses due to death. In the
field of gerontology, some of the most common death-
related losses are the deaths of parents, spouses, sib-
lings, and friends. Much of the information in this
article is based on spousal bereavement in later life
because more gerontological research has focused on
this loss. At younger ages we are most likely to ex-
perience the death of a parent, older relative, or school
classmate. Some experts have described the death of a
parent as the loss of our past, the death of a spouse or
sibling as the loss of the present, and the death of a
child as a loss of part of our future. Again, we have
learned that our early and consistent experiences with
death-related losses can shape our attitudes and ways
of coping well into later life. For example, the young
boy who is told to be strong and not to cry after his
father’s death might easily grow up to be the un-
expressive and isolated widower in late life.

Although statistics cannot capture the full essence
of the bereavement process, they are very helpful in
documenting the commonality and expectedness of
the experience. Government reports have indicated
that over 2 million people die each year in the United
States. Over 400 000 of the deaths are children and
youth under the age of 25. Also, each year there are
at least 800 000 new widows and widowers.

The death of a spouse is an increasingly common
experience among aging adults, particularly women.
The 2000 census revealed that only 1% of the pop-
ulation between ages 18 and 54 were widowed, but
32% of those 65 and over and 66% of those 85 and
over were widowed. A gender difference becomes
increasingly apparent in the later years of life. After
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age 65, nearly 45% of the women but only 14% of
men were widowed. In the 85+ category, 79% of
women and 38% of men were widowed. These high
percentages actually underestimate the number of
persons who experience the death of a spouse be-
cause they do not include those who remarried.

Multidimensional Nature of Bereavement

Bereavement is an important topic because the ad-
justment process can impact virtually every aspect
of a person’s life. This multidimensional nature of
bereavement means that the coping process can af-
fect emotions, spirituality, identity, social interac-
tions and relationships, sexuality and intimacy, work
productivity, financial stability, health, and even
death. Patterns of interaction in family life are rad-
ically altered when someone dies. Family meals and
other daily rituals related to getting ready for work,
school, or church are affected by the absence of
the deceased family member. In the case of spousal
bereavement the survivor often changes her or his
self-concept to an ‘uncoupled identity’ because she or
he now carries out daily life alone rather than as part
of a couple. Bereaved persons may lose their appetite
and motivation to remain physically active, so nu-
trition, exercise, and physical well-being can be es-
sential parts of the coping process.

The multidimensional nature of bereavement is
evident in the topics that professionals from different
disciplines choose for special attention. Sociologists
often examine bereavement’s impact on family life,
interactions, life satisfaction, and the role of culture
and socioeconomic characteristics in shaping these
bereavement outcomes. Finding differences among
men and women, rich and poor, and diverse ethnic
groups are common concerns for sociologists. Psy-
chologists frequently examine the emotions of grief,
attachments to the deceased, depression, morale, and
identity and how previous relationships and person-
ality of the bereaved influence their coping strategies.
Social workers are likely to assess family functioning
and the need for and effectiveness of specific commu-
nity services. Nurses and other health professionals
are often concerned about the mental and physical
well-being of bereaved persons. Economists are usu-
ally interested in the financial stability of bereaved
persons and families. Because many women in the
United States do not have the same level of retirement
and other financial benefits as men, they are much
more likely to suffer economically during widow-
hood. Each discipline and professional group adds a
unique focus to examining bereavement experiences,
and, collectively, help us to better understand the
many ways that bereavement can affect our lives.

Another way to appreciate the multidimensional
nature of bereavement is to recognize that bereave-
ment takes place in a context. Although there are
many common reactions and feelings that most peo-
ple experience during the course of bereavement,
there also are many experiences that may not be
widely shared. For example, some bereaved persons
feel intense guilt and anger, whereas others feel relief
or a sense of celebration for the life of the deceased
person. Some are overwhelmed with sadness and
immobilized by depression, whereas others confront
the loss as a challenge and opportunity for growth. In
order to understand why one person manages very
well and another never seems to adjust to the loss, it
is necessary to examine the multidimensional nature
of the context in which bereavement occurs. Previous
life experiences, personality traits, social support re-
ceived from others, circumstances surrounding the
death, and a person’s competency in managing the
many tasks of daily living are some of the many
factors that comprise the context of bereavement.
Health professionals and clinicians who work with
bereaved persons are better able to provide assistance
when they know more about the specific aspects
of each individual’s bereavement context. What helps
one person may not be of much value to another.

Sources of Knowledge about
Bereavement

Although the subject of death has received consider-
able thought and discussion for thousands of years,
much less attention has been devoted to the subject of
how death affects those who are left to grieve. Since
the mid-twentieth century, however, there has been
a steady increase in interest and writing about
bereavement, especially since 1990. Academic disci-
plines, especially psychology, sociology, social work,
nursing, and other behavioral and health professions,
have contributed attention and knowledge to the
subject through the development of theory and
research. Clinicians who work directly with the
bereaved have added their knowledge about ways to
help those having the greatest difficulty. Religious
leaders and members of various clergy have shared
their experiences regarding spiritual aspects of the
bereavement process. Local bookstores are now re-
plete with numerous autobiographical reports written
by bereaved persons who have had experiences that
they want to share. Four sources of knowledge — the-
ory and research, clinical reports, religious accounts,
and autobiographical accounts — each make unique
contributions to our understanding of bereavement.
These different sources of knowledge, however, have
unique advantages and limitations that need to be
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recognized because they can lead to different and
competing conclusions (see Death and Dying).

Bereaved persons frequently turn to their clergy or
their religious beliefs for comfort and guidance. Most
religions have a set of beliefs regarding the questions
of ultimate meaning. What is the purpose of life?
Does God or a supernatural being have a plan for
each specific person? Is there special meaning in the
death of the loved one? Because most religions offer
answers to these and other questions, religiously ori-
ented people can find predictability, structure, and
meaning to help them during the upheaval of
bereavement. We have learned from research, how-
ever, that religion and spirituality are only part of
the bereavement context and that the long-term
adjustment process involves much more than a
religious code to follow. Research has not confirmed
that religious beliefs and practices are universally
helpful to bereaved persons, but we do know that
many people turn to their spiritual views as a source
of knowledge (see Religion and Spirituality).

Autobiographical books on grief and bereavement
are abundant because bereaved persons want to
know how others have managed, whether their ex-
periences are unique or common, and how they can
cope better with their loss. These personal accounts
can be useful because they offer detailed descriptions
of feelings, problems, and solutions that worked for
the authors. Some bereaved persons, for example,
might find comfort in knowing that their feelings of
anger and guilt were shared by the author and might
benefit by following some of the suggestions in the
book. Much caution should be exercised, however,
because the author’s credentials are most likely in the
field of journalism rather than bereavement.

Books, articles, and reports written by therapists,
counselors, and other clinicians also provide valuable
knowledge about bereavement. Like autobiogra-
phical accounts, clinical reports offer detailed personal
descriptions of the bereavement process and usually
give suggestions for helping to alleviate problems.
These in-depth reports about individuals’ bereave-
ment experiences not only are interesting, but also
help to organize the experiences of people, identify
serious adjustment difficulties, and inform other pro-
fessionals and bereaved persons of specific intervent-
ion strategies and their consequences. Knowledge
that comes from clinical practice, however, must be
interpreted in a way that recognizes the uniqueness
of the clients or patients. Those who receive coun-
seling or professional clinical services are likely to
differ in some important ways from those who never
seek help. Bereaved persons who receive these
services are more likely to be experiencing the grea-
test difficulty in adjusting, have less social support

available to them, have financial resources adequate
to pay for the services, and have a tendency to rely on
others for help. If we based our knowledge about
bereavement solely on information from clinical
clients we would not know about the experience of
the majority of bereaved persons. It is equally impor-
tant to know how people manage their grief on their
own and to what extent they want and need help
even though they do not seek professional assistance.
Research and theory have been much slower in
adding to our knowledge about bereavement, but
their contributions have been essential. Sigmund
Freud was one of the earliest to theorize about
bereavement. In the early 1900s Freud practiced and
wrote extensively about psychoanalytic theory and
applied it to understanding the feelings and thoughts
that follow separation or loss of attachment. His
work was followed by other theorists, and eventually
systematic research studies were completed. Erich
Lindemann also used a psychoanalytic framework to
guide perhaps the first bereavement study in 1944.
His study interviewed more than 100 relatives of 13
people killed in a fire at the Boston Coconut Grove
night club. Research and theory related to bereave-
ment have steadily increased since these early begin-
nings. We now have numerous theories and research
findings that both support and challenge what we
initially believed to be true about bereavement.
Knowledge that is based on theory and research
has given us information on a broader range of
bereaved persons. By collecting data from people
who have not sought professional help, and who
represent varied cultures and social classes, we have
learned much more about what is common and what
is unique during bereavement. Systematic research
studies, using well-developed and standardized
scales, longitudinal designs, representative samples
of bereaved persons and non-bereaved control
groups have revealed findings that are inconsistent
with and challenge some of the previous views based
upon the other sources of knowledge. One of the
most prominent research findings is that although
bereavement is a highly stressful experience and
some people report ‘never getting over it,” the ma-
jority of bereaved persons are very resilient. They
find personal and social resources to meet their needs
and manage their adjustment process. Research also
has not been able to confirm that people go through
specific stages, as suggested by many clinicians and
some theorists. The process is much more varied and
complex than the uniform course depicted in the
stage theories. Also, research has documented that
not all people need to equally express their emotions
outwardly to others in order to avoid a buildup of
problems that will come out even worse later. Many
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people who appear to be in control and able to
manage their early grief very well tend to be doing
very well years later. In short, all four of the sources
of knowledge have added to a fuller and more useful
understanding of bereavement.

Course of Adjustment
Perspectives, Theories, and Models

Because the bereavement process is multidimen-
sional, and professionals from different disciplines
are educated to emphasize specific aspects of human
behavior, we have numerous perspectives, theories,
and models that provide divergent views about
bereavement. Perspectives, theories, and models dif-
fer in their degree of specificity and complexity, but
they essentially provide a framework or set of guide-
lines to help describe, interpret, explain, and under-
stand behavior, in this case, grief and bereavement.
They help to focus attention on specific parts of the
bereavement context and provide clarity and order-
liness. If the perspectives, theories, and models are
adequate and relatively accurate, they can be applied
to predict bereavement adjustments and guide the
development of interventions to help those in grea-
test need. The following section briefly summarizes
some of the most prominent theories about grief and
bereavement.

Psychoanalytic Theories Most of the variations in
psychoanalytic theory applied to bereavement em-
phasize the importance of recognizing the conscious
and subconscious ties or attachments that the
bereaved person formed with the deceased. Accord-
ing to this view, the bereaved person must express
rather than repress all of the feelings associated with
the detachment or loss. Anger, guilt, fear, and love,
when expressed by the bereaved, help lead to normal
instead of abnormal grief. These theories also stress
the importance of early childhood relationships and
separations, because these first experiences remain
throughout life. When children have traumatic losses
in early life they often form ambivalent relationships
later, repress their anxieties, and have greater diffi-
culty with grief and bereavement. Separation anxiety
is seen as an instinctive reaction to loss, but it is
essential that the bereaved person withdraws from
the deceased and forms new attachments.

Sigmund Freud, Erich Lindemann, John Bowlby,
Colin Murray Parkes, and Peter Marris are the most
prominent contributors to psychoanalytic theory and
bereavement. Although each theorist has his own
unique interpretations, they have generally agreed
that grief is largely an intrapsychic process that each

bereaved person must cognitively resolve in order to
avoid delayed, distorted, or abnormal grief. Some of
the abnormal reactions include social withdrawal,
hypochondriacal symptoms, psychosomatic illnesses,
and hyperactivity. Normal grief is thought to be
marked by distress and impaired functioning, but
recovery is expected. The bereaved person usually
has a period of upset, protest, and anxiety because of
the separation. He or she is likely to search for the
deceased in familiar settings. Despair and depression
can follow because the deceased does not return. A
reorganization phase occurs when the griever accepts
the reality of the loss, resolves the feelings of guilt
and anger, restructures his or her life, and returns to
normal functioning. These theories suggest that
bereavement follows a relatively ordered progres-
sion of phases and that unresolved grief occurs when
the sequence is disrupted or distorted.

Stress, Appraisal, and Coping Theories Theories of
stress, appraisal, and coping have been applied to
bereavement because the death of a spouse, parent,
child, or sibling is generally considered to be among
the most stressful events that can happen. Stress
exists when the demands on the individual exceed
the resources readily available to meet the demands.
The death of a loved one, particularly when the
deceased was an important part of the daily life of
the bereaved, creates stress in many ways for the
survivor. Daily life is radically changed because
the bereaved can no longer rely on the deceased
for ongoing companionship, conversation, security,
guidance, comfort, love, sharing, listening, and in-
strumental assistance, such as financial support,
transportation, and caregiving. Bereavement requires
the survivor to change and adjust to an environment
in which the deceased is absent.

When bereavement occurs, each person must ap-
praise cognitively his or her situation; this is usually
done consistently with their previously established
patterns of dealing with stress. Cognitive appraisal
means that people consciously assess their loss, try to
make sense out of it, and determine the consequences.
The degree of stress and subsequent adjustment dif-
ficulties are largely dependent on the bereaved person’s
appraisal of the situation and the coping strategies
that she or he uses.

The most common types of appraisal are pain,
threat, challenge, and relief. Those who primarily see
the pain of their loss often focus their attention on
the damage already done and expend much of their
energy in anger, sadness, and depression, and their
coping strategy often involves withdrawal, self-
blame, and feeling overwhelmed. Those who see
their loss as a threat are aware of the stress but are
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uncertain about their ability to deal with it. The
death of their loved one means that they see other
losses that are likely to follow. Their coping strategies
usually include fear and worry about future threats
to their lives. Rather than focusing their energy in
broader ways to make their adjustment easier, they
often engage in wishful thinking. The bereaved who
see the loss as a challenge recognize the stress and the
need to adapt. They assess their strengths, limita-
tions, and needs and pursue a course of action that
will allow them to learn and possibly grow from the
experience. Having pride, self-confidence, motiva-
tion, and some skills in doing the many tasks of daily
living helps the bereaved to define the situation
as a challenge and follow a more problem-focused
approach to adjustment. Richard Lazarus, Susan
Folkman, Leonard Pearlin, and many others have
advanced the theory and research on stress, ap-
praisal, and coping in which their perspective con-
tinues to make very important contributions to
understanding bereavement.

Stage and Task Models Ever since Elizabeth
Kubler-Ross proposed the well-known stage model
of the dying process, it has been applied to many
discussions of how people deal with problems and
life crises. According to this model, the dying person
passed through a naturally occurring sequence of
experiences, beginning with denial and progressing
through anger, bargaining, depression, and even-
tually culminating in acceptance. Because bereaved
persons and many professionals became familiar
with the stage model developed by Kubler-Ross and
they could see many similar emotions, thoughts, and
issues expressed during the course of bereavement, it
seemed only natural to apply the sequential and
progressive stages to bereavement.

Although research has identified and confirmed
that bereaved persons experience many of the same
kinds of emotions, thoughts, and behaviors presented
in the stage models, the overall bereavement process
appears to be much less orderly, sequential, and uni-
form than these models suggest. For example, some
bereaved persons report many years after the loss
that they sometimes feel the sadness, pain, and regret
that they experienced in the first several weeks. The
stage models have contributed to our knowledge
about bereavement, however, because they have
helped to identify parts of the complex process and
have provided a foundation for further study.

Similar to the stage models, and building on some
of the concepts from other theories, is the idea that
adaptation requires the bereaved person to accom-
plish or complete specific tasks. William Worden’s
‘tasks of mourning’ approach is an example. His

work is based on the assumption that grief is work,
requiring both emotional and physical energy to
complete. He suggests that it is important for the
bereaved to eventually accept the reality of the loss,
to experience the pain of grief, to adapt emotionally
and socially to an environment in which the deceased
is missing, and to psychologically relocate the de-
ceased person in their life and move forward. Al-
though many other specific tasks can be added to
his model, it does provide another useful approach to
be used in helping bereaved persons. The task-
oriented approach highlights the importance of being
active and learning new skills rather than simply
being passive and allowing time to pass and heal
the wounds of grief. Worden’s tasks of mourning
approach is further extended by another theory de-
scribed next.

Dual Process Model The most recent and impor-
tant theoretical development in the field is the
emergence of the dual process model (DPM) of
bereavement, described by Margaret Stroebe and
Henk Schut. This model suggests that positive ad-
justments require the person to deal effectively with
two types of stressors and processes and oscillate (go
back and forth) between them. First, ‘loss orienta-
tion’ is largely focused on expressions of emotions
and finding a balance between letting go and main-
taining the bonds to the deceased. Restoration is the
second component; it refers to the need to attend to
daily life challenges, learn to do new things, create
new relationships and roles, and spend time away
from the emotional features of grief. In 2005, re-
search was under way to test the DPM among those
experiencing traumatic grief and to study recently
widowed older adults.

Other Theories Many other theories from social,
behavioral, and health sciences have been used to
understand some aspects of grief and bereavement,
but most of them have not been systematically tested
in research. Some of the theories have received only
limited attention even though they have considerable
promise in explaining and predicting bereavement
behaviors and helping bereaved persons through the
process. For example, family and systems theories,
symbolic interactionism, and the health belief model
have much to add but have not been extensively
used.

Family and systems theories are relevant to
bereavement because bereaved people are members
of nuclear and extended families and their lives take
place within functioning systems. People do not live
in total isolation from families, groups, and organ-
izations, and their experiences within these units are
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important parts of the broader bereavement context.
An 80-year-old widow is impacted by how other
family members grieve the death of her husband,
who also may have been a father, grandfather, uncle,
or brother. Just like individuals, families grieve.
During bereavement, some family members provide
strength and support to one another, and other fam-
ilies create more conflict and tension. Systems theory
recognizes that people are parts of larger systems and
that individual lives consist of various functioning
parts as well. Anger and depression following
bereavement can easily carry over from the home
to the workplace and many other social settings,
thereby impacting and further complicating other
relationships. Symbolic interaction theory, which
comes from the discipline of sociology, has much
to offer on the topic of bereavement. The theory
emphasizes the importance of social interactions
with others and how they shape a person’s self-con-
cept or identity, which in turn influence behavior.
Bereavement losses have the potential of altering
a person’s interactions and self-concepts, and ulti-
mately bereavement adjustments. From the field of
health education, the health belief model examines
the way bereaved persons make decisions and what
they take into account when deciding on a course of
action. Bereavement can very easily lead to neglect of
one’s own health. This approach suggests that a
broad range of factors, including messages in the
media, can influence bereavement behaviors by iden-
tifying healthy behaviors to pursue and stressing the
likelihood of positive outcomes that will follow.
Grief requires energy, for example, so good nutrition
and some regular exercise might assist with making
other bereavement adjustments.

Finally, the most prominent theories in the field of
gerontology are relevant to understanding bereave-
ment, but they have not received much attention.
Disengagement, activity, continuity, and age-stratifi-
cation theories have contributions to make, and it is
hoped that in the future they will be examined and
tested in research. Disengagement theory would
suggest that those who were already gradually with-
drawing from society would have less difficulty
during bereavement than those who have not yet
begun the process of withdrawal, as the bereavement
experience would not seem as abrupt to them.
Activity theory would argue in favor of maintaining
relatively high levels of physical activity during
bereavement because that would help create greater
life satisfaction and well-being. Continuity theory
would suggest that the best course of action during
bereavement would be for the bereaved to continue
doing most of the things that she or he had always
enjoyed. Age-stratification theory could be used

to better understand why age might influence
bereavement adjustments and that people in differ-
ent age cohorts have different needs and values,
differences that will create somewhat unique grief
experiences. In short, theory helps to inform and
guide research, and considerably more of both theory
and research is needed to improve the knowledge
about grief and bereavement.

Research on the Bereavement Process

Research on bereavement has increased considerably
since the mid-1980s. In some studies, researchers
waited many weeks and months to interview bereaved
persons, and in others they obtained information only
days after the death occurred. Some followed
bereaved persons for several years to examine long-
term outcomes, but many studies obtained infor-
mation at just one point in time, providing a limited
picture of the process. Only a few projects included
non-bereaved control groups, even though it is valu-
able to be able to compare the thoughts, feelings, and
behaviors of bereaved persons with those who are not
experiencing death-related bereavement. Research has
included more women than men, more adults than
children, and more Caucasians than racial and ethnic
minorities. Even with these and other limitations, re-
search has improved the understanding of grief and
bereavement. It is not possible to review all or even
most of these findings, but five of the most important
general conclusions are presented here.

First, bereavement is very stressful, but many peo-
ple manage their losses with considerable resiliency.
In the case of spousal bereavement, the majority of
research participants report that their loss situation is
the worst and most stressful thing that has ever hap-
pened to them. The death of a child also creates stress
and is particularly difficult because children are ex-
pected to live longer than their parents. To adults, it
is disturbing when both of their parents are deceased
because it means that their own generation in the
family is now the oldest. The death of a spouse, par-
ent, or child almost always brings out thoughts of
mortality and death among the survivors. In our cul-
ture, thoughts about the inevitability of death are
usually troubling because we have not openly dis-
cussed death. Some researchers have attempted to
identify how many people continue to have major
difficulties that interfere with their daily lives for
several years. It has been estimated that between 15
and 25% will need some kind of professional help
with their bereavement adjustments.

Even though bereavement is extremely stressful, it
is somewhat surprising that so many people are re-
silient and able to restructure their lives in ways that
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allow them to find enjoyment again. Knowing this
helps direct attention to those 15-25% who are most
distressed and unable to manage their bereavement
losses alone. This issue is discussed in greater detail
in the next section, which presents information on
the predictors of bereavement adjustments.

Second, there is considerable diversity among and
within bereaved persons. Not all people experience
the same feelings, thoughts, and actions as they move
through the process. For example, a 65-year-old
widow described herself in the following way 4
weeks after her husband’s death: “I am a very lonely
person. Lousy, all washed out, despondent, feel de-
serted, angry, hurt, hopeless, alone, mixed-up, can-
not concentrate, very emotional, very tired, cry a lot,
hateful, very bitter, misfit, nobody, very miserable,
very much of a loner.” This same woman described
herself in much the same troubled way 2 years into
the bereavement process. She added that she was
concerned about herself and really hurt inside. She
noted that she was sick of living alone and did not
care about life. In contrast, another 69-year-old
widow described herself at 6 months after her hus-
band’s death as being “independent, excited about
keeping busy, enjoying the company of others, and
working in my yard and doing handiwork.” This
diversity in bereavement reactions also is found
within each individual. It is not unusual to find a
person simultaneously experiencing a full range of
feelings and behaviors. For example, a bereaved per-
son can feel angry, guilty, and lonely, yet at the
same time feel personal strength and pride in how
he or she is coping. A 70-year-old woman des-
cribed herself at length as being busy, enjoying many
different activities, and doing things with other peo-
ple, but her final self-descriptive comment was that
she still felt lonely. It is common for bereaved persons
to experience both positive and negative feelings
simultaneously.

Third, a theme emerging from studies from the
early twenty-first century is the recommendation to
be cautious of using the terms normal and recovery
to describe grief or bereavement. The same individu-
al may experience and express herself or himself in a
variety of ways during bereavement. What was once
considered outside the realm of ‘normal’ grief may
now be considered a normal part of the process. For
example, talking to a deceased spouse would once
have been defined as abnormal or even pathological,
but more recent research findings show that this is
actually a very common practice among bereaved
spouses — and it is now often encouraged as a ther-
apeutic technique.

Rather than applying rigid labels such as normal
or abnormal, it is more appropriate to use terms such

as common or uncommon to describe bereavement
feelings and behaviors. A bereaved person is far less
stigmatized from being told that she or he is ex-
periencing some uncommon feelings than from being
told “You are abnormal.” Also, researchers are re-
porting that many bereaved persons say that they
never ‘get over’ or recover from their grief, but they
have learned ‘to live with it.’

Fourth, studies have revealed that the bereavement
process is more like a roller-coaster ride than an or-
derly progression of stages with clear time frames
associated with each stage. The bereavement roller
coaster is characterized by the rapidly changing emo-
tions of grief; meeting the challenges of learning new
skills; recognizing personal weaknesses and limita-
tions; developing new patterns of behavior; ex-
periencing fatigue, loneliness, and helplessness; and
forming new friendships and relationships. Research-
ers have been unable to identify clear time markers
associated with these many ups and downs. In fact,
the highs and lows can occur within minutes, days,
months, or years. Fortunately, most bereaved persons
experience a roller-coaster ride that becomes more
manageable over time, with fewer abrupt highs and
lows. This gradual improvement may never lead to
an end or resolution, however, because many
bereaved spouses report: “You never get over it —
you learn to live with it.”

Fifth, loneliness and problems associated with
managing the tasks of daily living are two of the
most common and difficult adjustments for older
adults. These problems are even more difficult for the
spousally bereaved because their daily lives are
closely connected with their spouses and they fre-
quently become dependent on each other for con-
versation, love, and sharing of tasks. Loneliness is
problematic because it involves missing, sadness, and
a void that does not go away simply by being with or
among other people. Many bereaved report feeling
lonely but not being alone. In the case of ex-
periencing the death of a parent, child, or sibling
who may live many miles away, the bereaved often
describe how lonely they feel when they realize they
can no longer call their loved one on the phone or
hear their voice again (see Loneliness).

Unfortunately, most older adults have not learned
to do many of the tasks of daily life that are impor-
tant to their health, well-being, and happiness.
Many men have not learned how to prepare meals,
wash clothes, and clean the house. Similarly, many
older women have not learned how to do home re-
pairs, maintain an automobile, and manage finances.
Research has shown that these deficiencies further
complicate the bereavement process. It is hoped
that future cohorts of men and women will be better
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prepared and skilled in a much broader range of
tasks of daily living. Research is now under way to
test the effectiveness of learning new skills as a
bereavement adjustment strategy as explained in the
restoration feature of the dual process model.

Predictors of Bereavement Adjustments

People often say that the passage of time will heal the
wound. This statement is problematic and inaccurate
because it implies that little or no effort is required to
cope with the situation — simply allowing time to pass
is supposed to bring about successful adjustment.
Although most bereaved persons do experience less
difficulty and more positive adjustments over time, it
is important to recognize that it is what people do
with their time that determines the outcome. Suc-
cessful adjustments require active rather than passive
coping strategies.

Many bereaved persons have told others that it is
most helpful to take one day at a time and to remain
active, busy, and socially connected with other peo-
ple. Being physically and socially active during the
process can help to reduce the feelings of despair,
helplessness, loneliness, and being overwhelmed that
often contribute to a long-term strategy of waiting —
often in vain - for time to bring about healing. In
addition to these active coping strategies, studies
have documented the importance of having social
support from others and opportunities for self-ex-
pression available, especially in the early months of
bereavement. Some of the most difficult and stressful
bereavement experiences occur in the first few
months, when grief issues are especially intense (see
Social Networks, Support, and Integration).

Researchers have also learned that how a person
copes with loss early in the process appears to be one
of the best predictors of long-term coping. Those who
report having effective coping experiences in the first
couple of months usually cope better than others a few
years later. Bereaved persons therefore are likely to
benefit most from social support that they receive early
in the process and from opportunities to express how
they feel at this time. Some of the most appreciated
and helpful support comes from those who allow the
bereaved to openly express anger, sadness, and other
emotions without passing along advice and counsel. It
is important for bereaved persons to know that their
reactions are common and that others respect their
feelings and care about their well-being. Self-help
groups for the bereaved provide good opportunities
for self-expression, particularly for those who do not
already have someone in whom they can confide.

The importance of internal coping resources is
supported by research that has focused on the role of

self-esteem and self-efficacy. Both concepts represent
personal coping resources that individuals develop
throughout their lives. Self-esteem refers to the
positive or negative judgments or evaluations that a
person makes about self-worth. Self-efficacy refers to
a person’s ability to meet the changing demands of
everyday life and feelings of confidence that he or she
can do so. These two features are incorporated in the
restoration component of the dual process model
described earlier.

The way people feel about themselves and how
skilled they are in managing the many tasks of daily
living — maintaining a household, paying bills,
driving a car, knowing how to access resources,
and so on — will influence how effectively they adjust
to the loss of a loved one. Those who develop
positive self-esteem and competencies such as social,
interpersonal, and instrumental skills are likely to
have more favorable bereavement outcomes than
those who develop negative self-images and lack
self-efficacy.

Self-esteem and self-efficacy are highly interrelated
because people who have confidence and pride in
themselves are usually more motivated to learn new
skills, and the process of becoming more competent
in daily life itself creates more positive self-esteem.
Bereaved persons with these positive characteristics
are likely to cope quite well because they will not be
content with a passive approach to coping. Con-
versely, bereaved who never developed these personal
coping resources are likely to experience long-term
difficulties because they are more inclined to believe
that they deserve to remain depressed, lonely, and
incapacitated. These people tend to feel over-
whelmed and take few constructive actions on their
own behalf (see Self Esteem).

The predictors of adjustment to bereavement are
similar for men and women and for young and older
adults; that is, age and gender are not the most in-
fluential factors in the course of bereavement. What
is of greater importance is the ability of the bereaved
person to develop positive feelings about her- or
himself early in life, continue to enhance these views
over the life course, and develop skills that help her
or him to meet the changing circumstances and de-
mands of daily living. People with these traits are
more likely than others to adjust well to nearly any
major life stresses or transitions. Human develop-
ment is a lifelong process. In the case of late-life
bereavement, the developmental process is chal-
lenged. During this transition period, the bereaved
person can remain physically, psychologically, and
socially disrupted or can emerge with a sense of
growth from learning new skills, becoming more in-
dependent, and developing a clearer self-identity.
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Interventions

Although it is tempting to conclude that most
bereaved persons will need help with their adjust-
ment process, this is not necessarily the case. Re-
search has shown that many bereaved persons do not
want or need intervention services. This point is im-
portant to recognize, because clinicians and service
providers frequently assume that most older be-
reaved persons are depressed, socially isolated, and
incapacitated by their loss. The research evidence
does not support this assumption, although certainly
some bereaved persons are depressed, isolated, and
incapacitated. The tasks for those developing in-
tervention services are many, and among the first
should be an attempt to reach those who are at
greatest risk — to seek them out rather than simply
announcing the existence of the service — and en-
courage their participation by explaining how and
why the service will be helpful. It is absolutely critical
to recognize that many, perhaps most, of the poten-
tial population of bereaved persons will not want to
participate. This can be discouraging to those who
are committed to the value of their services, but their
motivation to continue their efforts will probably be
less adversely affected if they anticipate the lack of
enthusiasm among many potential clients. For ex-
ample, only 44% of the bereaved spouses who com-
pleted a study said that they would have liked the
opportunity to attend self-help groups. In another
study, only 27% of those assigned to self-help groups
actually agreed to participate, and in a 2005 study,
approximately 34% agreed to participate.

Interventions need to be available early in the
bereavement process and continue over relatively
long periods of time. There is a good deal of research
evidence that the first several months (usually 1 to 4
months) are the most difficult and that early adjust-
ments will influence outcomes much later. Also, be-
cause bereavement may last for many years and some
people may not be ready for early interventions, it
would be most helpful to have services available over
long periods of time. This does not mean that the
same people need to continue receiving services for
many years, although some will have this need;
rather, bereaved persons need to have an opportunity
to participate when they are ready.

Because the impact of bereavement is multidimen-
sional, it is imperative that interventions offer com-
prehensive and diverse services. It is unlikely that any
one intervention will be capable of providing all that
is needed, but each intervention should clearly iden-
tify which needs are being targeted in relation to the
overall multidimensional process so that there is an
awareness of what help is not being provided. For

example, the death of a spouse in later life can im-
pact emotions, psychosocial functioning, health,
family life, interpersonal relationships, work, recre-
ation, and financial situations; those designing in-
terventions that provide primarily an opportunity for
self-expression (such as self-help groups) should
recognize that some dimensions are not likely to be
addressed. Ideally, all communities would have avail-
able a variety of interventions or services so that each
person’s unique skills, resources, and circumstances
could be matched to the most appropriate set of
services. Although this is unlikely, we can at least
strive to offer interventions with the broadest scope
of impact. Therefore, whenever possible, it would be
worthwhile to impact several dimensions simultane-
ously by providing opportunities for self-expression
and the enhancement of self-esteem; by teaching new
skills to complete the tasks of daily living; by
enhancing and mobilizing already existing social
support networks; by providing education and as-
sistance regarding health, nutrition, and exercise;
and by encouraging social participation.

Various intervention formats and professionals are
needed to ensure that appropriate services are avail-
able. Not all people experience bereavement in the
same way; similarly, not all people will use or benefit
from the same interventions. In terms of format, some
people will want to have only a one-on-one type of
intervention. This might be because they are reluctant
to express personal and sensitive feelings in group
situations. Others have reported that they particularly
enjoyed being in a self-help group because they
learned from others, recognized some commonalities
in their situations, and enjoyed the socializing and
friendships that developed. Other new and promising
formats for intervention services are those using In-
ternet-based technology. Many organizations have
created web sites offering a wide array of educational
materials, and in some cases, Internet bulletin boards,
chat rooms, and discussion groups. Very little re-
search has been done to examine the effectiveness of
these new formats, but they do offer opportunities to
reach those who live in more remote areas, are
homebound, or simply prefer to use this immediate,
readily accessible technology.

Many people have skills and expertise that are
well-suited for helping the bereaved. Phyllis Silver-
man, who developed the widow-to-widow program,
has shown that widows are quite capable of assisting
each other. An experienced widow can reveal to the
new widow that she has been there and that she
knows how it feels to grieve. Also, there are impor-
tant contributions that can be made by researchers,
gerontologists, psychologists, psychiatrists, physi-
cians, social workers, nurses, occupational therapists,
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art therapists, counselors, clergy, and many other
professionals, including social scientists, lawyers, ac-
countants, educators, and direct service providers.
Again, because bereavement has a multidimensional
impact, interventions can be developed by many dif-
ferent professional and trained team members. Other
bereaved persons can provide a sharing of experiences
while trained persons assist with legal, financial,
health, spiritual, and educational issues. A multidi-
mensional team approach is highly recommended be-
cause it will increase the likelihood of developing
interventions that address the diversity of needs and
lead to greater success.

It should be understood that bereavement is a
common and natural experience that we all share.
Unfortunately, many people are not well prepared for
the pain, threats, and challenges that it presents. Be-
cause bereavement occurs in broader contexts, we do
not all have the same personal and social resources
available, or have the same experiences and needs.
What appears to help one person may have an en-
tirely different impact on someone else. The best way
to be prepared to help bereaved persons is to be ed-
ucated about the process, assess the context in which
it occurs, become familiar with a wide range of hel-
ping resources, and be patient, a good listener, and
non-judgmental.
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Glossary

Basal Metabolic Rate (BMR) — Metabolic rate meas-
ured in a resting, postabsorptive individual at
thermoneutrality.

Calorie Restriction (CR) — Reduction of energy in-
take without malnutrition by restricting dietary
intake through the use of a specially formulated
nutrient-dense diet. Other terms that have been
used to describe this process include energy re-
striction and dietary restriction.

See also: Death and Dying; Loneliness; Religion and
Spirituality; Self Esteem; Social Networks, Support, and
Integration.
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Calorimetry — A technique for determining energy
expenditure by measuring heat production (direct
calorimetry) or measuring oxygen consumption
and/or carbon dioxide production (indirect respi-
ration calorimetry).

Doubly Labeled Water Method — A technique used to
determine production of carbon dioxide in free-
living individuals by measuring differences in the
rate of loss of the stable isotopes oxygen-18 (*30)
and deuterium (*H) from individuals dosed with
ZH130. 80 equilibrates with both body water and
CO, pools and may be excreted as either water or
CO,, while *H is entirely excreted as water.

Energy Balance — The mathematical difference be-
tween total energy intake and total energy ex-
penditure. A positive energy balance is indicative
of weight gain (energy storage), and a negative
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energy balance is indicative of weight loss (energy
depletion).

Free Radicals — Highly reactive molecules containing
unpaired electrons that may oxidize cellular lipids,
proteins, and nucleic acids.

Thermic Effect of Meals (TEM) — The energy ex-
penditure associated with the digestion, absorp-
tion, and assimilation of food into body stores.

Total Energy Expenditure — The sum total of energy
expenditure from basal metabolic rate, TEM,
physical activity, and theromogenesis (i.e., energy
expenditure required for maintenance of body
temperature).

Introduction

Bioenergetics is a broad subject covering all aspects of
energy metabolism, from the biochemical and cellular
level to the whole animal. The aging process is asso-
ciated with changes in nearly all aspects of bioener-
getics. Aging is associated with decreases in both
energy intake and energy expenditure. These changes
contribute to an age-related shift in body composition
toward a decrease in lean body mass (LBM) and an
increase in percent body fat. These age-related changes
in energy metabolism place older individuals at greater
risk for detrimental weight loss when faced with injury
or disease. Experimental manipulations of components
of energy metabolism have also been shown to have
dramatic effects on life span and physiological param-
eters. Specifically, dietary calorie restriction is the only
intervention that has consistently been shown to in-
crease maximum life span in mammalian species,
while increased energy expenditure through physical
activity slows the decline in some physiological
parameters with aging. Thus, bioenergetics appears
to play a central role in the aging process.

Background

In animal studies, dietary calorie restriction has con-
sistently been shown to extend life span and decrease
or delay the development of physiological impair-
ments and diseases associated with aging. This re-
tardation of aging by calorie restriction suggests a
link between energy metabolism and the fundamen-
tal mechanisms of aging. Changes in many aspects of
energy metabolism are among the most consistent
and noticeable characteristics of aging. These
changes in energy metabolism may contribute
to physical impairments and disease. Although

Energy intake

Body
energy
stores

Energy loss:
urine, feces
& gasses

Energy expenditure

Figure 1 The energy balance equation. Aging is associated
with a decrease in energy intake and energy expenditure, and at
advanced age, a decrease in body energy stores.

age-related changes in the various components of
bioenergetics show some differences between species,
this article focuses on aging and human energetics
with occasional reference to animal experiments.

Aging is often associated with shifts in energy bal-
ance, with obesity being a particular problem in mid-
life and wasting a problem for many who survive to
advanced age. Changes in body weight (BW) and
body composition are a function of total body energy
balance (the difference between energy intake and
energy expenditure). BW loss is accomplished by
a negative energy balance. The factors in the energy
balance equation, therefore, are energy intake,
energy storage, and energy expenditure (Figure 1).

Energy intake is simply the caloric content of the
food eaten by the individual. Energy consumption is
a function of the total amount of diet consumed and
the chemical composition of the diet. Energy intake
is controlled by both psychological and physiological
factors, which are discussed later in this article.
Energy intake declines with advancing age.

Energy storage refers to the chemical form in which
excess energy is stored in the body. Excess energy
may be stored as fat, protein, or carbohydrates. The
majority of the body’s energy is stored either as fat
(which contains the most calories per gram of tissue)
in adipose tissue or as protein in muscle, with limited
amounts stored as carbohydrates in the form of
glycogen. Aging is associated with a decrease in LBM
(muscle). During middle age, fat mass increases, while
with advanced age body mass tends to decrease due
to loss of both lean and fat mass.

Energy expenditure is the final component of energy
balance. Energy expenditure is composed of four parts:
basal metabolic rate (BMR) or resting energy expend-
iture, the thermic effect of meals (TEM), physical
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Figure 2 The components of total energy expenditure. The
typical contribution of each component to total energy expend-
iture is indicated in parentheses. Thermogenesis represents heat
production for the maintenance of normal body temperature and
is typically a minor contributor to energy expenditure in the ab-
sence of significant thermal stress. All components of energy
expenditure may be altered with aging.

activity, and thermogenesis (i.e., energy expenditure re-
quired for maintenance of body temperature) (Figure 2).

BMR is defined as the measurement of resting,
postabsorptive energy expenditure in individuals
at thermoneutrality; it is typically responsible for
50-80% of total energy expenditure. BMR represents
the energy cost of cellular ‘maintenance’ processes,
such as Na */K *-ATPase activity, mitochondrial pro-
ton leak, protein turnover, ionic calcium movements,
triacylglycerol turnover, and other substrate cycles.

TEM describes the energy expenditure associated
with the digestion, absorption, and assimilation of
food. TEM is responsible for approximately 10% of
total energy expenditure but will vary depending on
meal size and composition.

Physical activity is the most variable component of
total energy expenditure and is typically responsible
for 10-40% of total energy expenditure. Physical
activity is the energy expenditure associated with
muscular movement (beyond muscular activity that
typically occurs in the resting state). Thermogenesis
is the component of total energy expenditure that
represents heat production for the maintenance of
normal body temperature. This is typically a minor
contributor to energy expenditure in individuals that
are not undergoing significant thermal stress.

Aging tends to result in a decrease in all of the
components of energy expenditure. Age-related

decreases in BMR, physical activity, and total energy
expenditure have been reported in multiple studies.
The exact effect of age on TEM is not clear, with
studies reporting either a decrease or no change in
TEM with aging.

Energy Intake

Aging is generally associated with a decrease in
energy intake, which has the potential to cause
several problems. First, a decrease in energy intake is
often not matched with a proportionate change in
energy expenditure, which can lead to negative
energy balance and loss of body mass. This can be
extremely damaging to an individual already with a
compromised body composition and lead to an in-
creased risk of morbidity and mortality. Second, a
decrease in energy intake is usually associated with a
decreased intake of other nutrients, resulting in in-
creased risk of malnutrition-related illnesses. Several
studies have shown that a significant portion of the
elderly population is deficient in at least one major
nutrient. Matching energy intake to energy expend-
iture is clearly an important concern in the elderly.
Decreases in energy intake may be associated with
several other changes that occur with the aging pro-
cess. Impairment of taste and smell sensation occurs
with increasing age; however, the impact of these
changes on energy intake is not clear. Depression and
some forms of medication are common causes of de-
creased appetite and food intake in the elderly. Prob-
lems with oral health, poor dentition, and gum disease
also contribute to decreased food intake in some eld-
erly people. Additionally, aging is associated with de-
creased saliva production and swallowing problems
that can make eating difficult for some individuals.
Several studies have demonstrated that aging is
associated with an impairment in the regulation of
food intake that prevents appropriate compensation
for periods of either under- or over-feeding. For ex-
ample, young individuals typically follow a period of
decreased energy intake with a compensatory in-
crease in food intake to make up for the energy def-
icit, while several studies have shown that older
individuals do not show this response. The mecha-
nism for this impairment in the regulation of food
intake is not entirely known. Aging has been asso-
ciated with a decrease in factors that control short-
term regulation of energy intake (i.e., stimuli that
determine meal length). In a few studies, aging has
been shown to decrease the number of opioid recep-
tors, reduce opioid stimulation of food intake, de-
crease gastric fundal compliance and increase antral
stretch, and slow the rate of passage through
the gastrointestinal tract. Several studies have also
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reported that aging is associated with increases in
circulating cholecystokinin (CCK) levels and sen-
sitivity to CCK. However, it is not clear whether
these short-term signals play any role in the age-
related decrease in energy intake. In experiments,
total food intake is not altered by administration of
short-term food intake inhibitors, presumably be-
cause the decrease in meal energy intake is compen-
sated by increased meal frequency. Therefore, it is
likely that the decreases in food intake with aging are
primarily due to alterations in ‘long-term’ regulators
of energy intake. Energy intake is controlled through
a complex interaction of hormones (i.e., leptin and
ghrelin) and neuropeptides located in the hypo-
thalamus and other brain regions. While aging does
not consistently increase serum leptin levels, it has
been proposed that alterations in leptin sensitivity
may play a role in age-related decreases in energy
intake. Ghrelin levels have been reported to increase
with aging, and it appears that this hormone does not
play a major role in decreasing food intake with
aging. In the hypothalamus, aging is associated with
decreased sensitivity and/or decreased levels of
neuropeptide Y (NPY). It appears that decreased
NPY stimulation of feeding occurs in later life and
contributes to age-related decreases in energy intake.
Studies have also reported that aging is associated
with a decrease in the hypothalamic levels of agouti-
related peptide (AGRP) and orexin (both stimulators
of food intake) and an increase in levels of cocaine-
and-amfetamine-regulated transcript (CART, an in-
hibitor of food intake). Levels of circulating cyto-
kines are also commonly increased in the elderly, and
it is possible that they could contribute to alterations
in energy intake with aging. Thus, there is evidence
to indicate that neuropeptides such as NPY, AGRP,
CART, and orexin may be involved in age-related
decreases in food intake. Additional research to de-
termine other ‘long-term’ regulators may also con-
tribute to alterations in energy intake with aging.

It is likely that multiple factors contribute to age-
related decreases in energy intake. Tremendous
progress has been made in elucidating the neuro-
endocrine pathways responsible for controlling en-
ergy intake, and it is hoped that this work will lead to
further identification of mechanisms contributing to
age-related decreases in energy intake.

Body Composition and Aging

Aging is associated with very clear changes in body
composition. In general, aging results in a decrease in
total body mass along with a decrease in LBM and
total body protein while increasing percent body fat.

Progressive loss of body protein due to a large de-
cline in skeletal muscle mass (sarcopenia) is a well-
established component of the aging process. There is
evidence that muscle mass declines by up to 7% per
decade between early adulthood and old age. The
changes in body protein with aging are primarily a
function of decreases in skeletal muscle mass, be-
cause non-muscle LBM (internal organs) often shows
only slight decreases with aging. This reduction in
skeletal muscle mass decreases the overall motor
function of the muscles and may limit the individual’s
ability to respond to stresses requiring mobilization
of body protein stores. Although only a slight de-
crease in non-muscle LBM has been reported, these
changes should not be ignored and may be extremely
important since the internal organs have high rates of
energy expenditure. Therefore, a slight change in
organ weight could have a large impact on overall
energy expenditure.

The aging process results in several changes that
probably contribute to the loss of muscle mass. First,
aging is associated with a decrease in physical
activity, reducing biomechanical forces on skeletal
muscle needed for maintenance or growth of muscle
mass. Exercise, especially strength training, can
reverse the decline in muscle mass in the elderly.
Changes in levels of anabolic hormones also con-
tribute to the age-related decline in muscle mass.
Spontaneous and stimulated growth hormone (GH)
secretions are decreased with age. Similarly, circu-
lating levels of insulin-like growth factor-1 (IGF-1)
and insulin-like growth factor binding protein-3
(IGFBP-3) also decrease with age. Deficiencies in
GH and IGF-1 are both associated with reduced
protein synthesis and loss of LBM. Decreases in
testosterone and estrogen levels probably also play a
role in the depletion of LBM. Insulin-mediated sup-
pression of body protein breakdown, unlike other
actions of insulin, does not appear to decrease with
age. Overall, a decrease in physical activity and de-
creased levels of anabolic hormones appear to be the
likely causes of loss of LBM with aging.

Changes in body protein content are accompanied
by an increase in percent body fat in elderly individu-
als. During middle age, a doubling of total body fat
can occur, and development of obesity becomes a
major problem. After 65-70 years of age, however,
there is frequently a decrease in body weight that is
the result of decreases in both lean and fat mass.
However, the decrease in lean mass typically occurs
at a greater rate, resulting in an increase in per-
cent body fat and potentially the development of
sarcopenia-related obesity.

Several factors contribute to increases in percent
body fat in the elderly. First, a decrease in physical
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activity during middle age may result in a positive
energy balance and increased storage of energy in
adipose tissue instead of increasing muscle mass.
Second, aging is associated with a decrease in cate-
cholamine activity and hormone-induced lipolysis in
adipocytes. In women, fat accumulation also appears
to be associated with hormonal changes with men-
opause, since estrogen and progesterone treatment
tend to prevent increases in abdominal fat accumu-
lation. Overall, aging is associated with the inability
to match energy intake with energy expenditure. De-
creases in energy expenditure and adipocyte lipolysis
together appear to be major contributors to possible
age-related increases in body fat.

Energy Expenditure

Previous attempts to determine the effect of aging on
energy expenditure have been criticized for their
failure to screen for ‘healthy’ individuals or for
their reliance on cross-sectional analysis. It has been
argued that many reported age-related changes in
energy metabolism may reflect disease or illness
rather than aging. While disease or illness can cer-
tainly alter energy expenditure, work in ‘healthy’
individuals has confirmed that aging is associated
with a decrease in energy expenditure. Decreases in
BMR, TEM, and physical activity may all be impor-
tant contributors to the overall etiology of aging.

BMR is a function of the energy requirements of
each of the internal organs and tissues. Research has
indicated that internal organs are responsible for
approximately 60% of resting energy expenditure.
Skeletal muscle accounts for 35-40% of resting
energy expenditure, with adipose tissue typically ac-
counting for less than 5% of resting energy expend-
iture. These values show that the internal organs and
skeletal muscle are responsible for approximately
95% of BMR. A change in either organ or skeletal
muscle weight can, therefore, have a substantial in-
fluence on BMR. Aging is associated with a substan-
tial decrease in skeletal muscle mass, a slight decrease
in organ mass, and a decrease in BMR.

An age-related decline in BMR is a characteristic of
aging that has been demonstrated in healthy and
physically active individuals, although exercise can
blunt the decrease in BMR. BMR decreases between
approximately 13 and 20% as individuals age from
their 30s to their 80s. This change in BMR appears to
be non-linear, with accelerated decreases occurring at
approximately 40 to 50 years of age. Gender influ-
ences both the onset of accelerated decreases in
resting energy expenditure and the magnitude of these
decreases. The decline in BMR begins at approxi-
mately 40 years of age in men but does not begin until

after menopause, or approximately 50 years of age, in
women. The magnitude of the decrease in BMR with
aging also tends to be greater in men than women.
The primary reason for a decrease in BMR in both
genders is the decrease in LBM. A decrease in skeletal
muscle mass (sarcopenia) is the primary factor
responsible for a decrease in BMR with aging.
However, a few studies have shown that decreases
in BMR with age parallel a reduction in organ mass,
and the slight reductions in organ mass that occur
with aging likely contribute to a decline in BMR.
While decreases in skeletal muscle and organ mass are
major contributors to age-related decreases in BMR,
it appears that other processes are also involved.
Many of the cellular processes that are involved in
resting oxygen consumption have the potential to
contribute to age-related decreases in BMR. Protein
turnover, Na"/K*-ATPase activity, and mito-
chondrial proton leak are the primary cellular proc-
esses contributing to BMR, and together account for
as much as 70% of BMR. It is reported that protein
turnover decreases at a rate of approximately 5%
per decade, and several studies have demonstrated a
decrease in protein turnover with aging. A few re-
search groups have also shown that Na /K™ -AT-
Pase activity decreases with age. Few studies have
investigated the affect of age on mitochondrial pro-
ton leak, and it is not yet clear how this process is
altered with aging. These results suggest that de-
creases in cellular energy-expending process may also
contribute to age-related declines in BMR.
Mitochondria are the primary sites of cellular ATP
production, and therefore many studies have at-
tempted to determine if mitochondrial defects could
contribute to age-related alterations in energy metab-
olism. Studies have reported that aging is associated
with decreases in mitochondrial membrane potential,
volume density, respiration capacity, and complex I,
complex IV, adenine nucleotide translocase, and acyl
carnitine transferase activities. Oxidative damage to
mitochondrial DNA, proteins, and lipids also in-
creases with aging and may provide a mechanism for
the mitochondrial dysfunction. However, some have
argued that aging is not associated with impaired
mitochondrial function, and that some reports of age-
related mitochondrial dysfunction may be the result
of methodological problems. Work using a mix of
in vivo, cell culture, and isolated mitochondria meas-
urements is needed to determine the exact effects of
aging on mitochondrial energy metabolism. However,
it is likely that some level of mitochondrial dysfunc-
tion occurs with aging, and this would contribute to
age-related alterations in energy expenditure.
The effect of aging on TEM is not entirely clear,
with studies reporting either a decrease or no change
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in TEM with aging. Diet composition, meal size, and
activity all contribute to age-associated differences in
TEM. Habitual exercise has been shown to increase
TEM and may lessen age-related declines in this
energy expenditure component. It has been suggested
that decreased activity in the elderly may primarily
explain their decrease in TEM. It has also been pro-
posed that decreased intake in elderly individuals
contributes to low TEM with age because TEM
changes proportionately with meal size. Meal com-
position also appears to influence TEM, since age-
related decreases in TEM have been reported to be
greatest when elderly people were consuming a high-
glucose meal. Problems with glucose metabolism and
insulin resistance may explain the differences in TEM
between the different types of diets.

Cross-sectional and longitudinal studies have shown
a decrease in physical activity with aging, and this de-
crease in activity is not entirely explained by disease or
illness. Low physical activity is a major contributor to
decreased total energy expenditure with aging. Studies
have shown that total hours of activity and intensity of
activity decrease with aging. An age-related decrease
in physical activity can contribute to reductions in to-
tal energy expenditure either directly or indirectly by
altering BMR. Studies in elderly subjects have indi-
cated that both resistance and aerobic exercise may

increase BMR, and oppose age-related decreases in
this energy expenditure component.

Calorie Restriction and Exercise

Calorie restriction (CR), without malnutrition, is the
only intervention that has consistently been shown
to increase both mean and maximum life spans in lab-
oratory rodents. CR affects a wide range of physiolo-
gical parameters (Figure 3) and, therefore, must alter a
fundamental mechanism(s) of aging and retard the
aging process. CR has been shown to delay the onset of
diabetes, cancer, nephropathy, cataracts, and other age-
related diseases. This broad action of CR, however, has
made it difficult to pinpoint the mechanism(s) through
which CR exerts its action. It is clear, however, that
overall energy restriction rather than restriction of a
specific macronutrient is responsible for retardation of
aging with CR. Experiments using low-protein or low-
fat diets without CR have failed to produce the dra-
matic life-prolonging results observed with CR.

It has been proposed that a reduction in body fat
may be a mechanism for the actions of CR. CR
results in a decrease in body fat, but the failure of
experiments to show a strong correlation between
body fat and length of life suggests that decreasing
body fat is not the primary mechanism of CR.

Without CR

Aging

With CR

Y

Y

Increased ROS production

Increased membrane lipid peroxidation
Increased damage to mtDNA

Increased protein carbonyls

Increased insulin resistance

Decreased proteolytic capacity

Decreased protein turnover

Impaired oxidative phosphorylation

Uncoupling of oxidative phosphorylation
Increased pro-apoptotic proteins

Increased cytochrome c release

Increased incidence of cancer

Loss of immune system potency

Impaired electron transfer

Loss of muscle mass (sarcopenia)

Redox couples shift to more pro-oxidant values
Increased advance glycation endproducts (AGE)

Y

Decreased
life span

Decreased ROS production

Decreased membrane lipid peroxidation
Decreased mtDNA damage

Decreased protein carbonyls

Improved insulin sensitivity

Improved proteolytic capacity

Improved protein turnover

Decreased glycolytic activity

Increased gluconeogenesis and transamination
Increased anti-apoptotic proteins

Decreased body temperature

Decreased visceral fat

Decreased IGF-1 and thyroid hormones

Delayed immunosenescence

Delayed onset of cataract, nephropathy, and cancer
Delayed onset of hypertension and hyperlipidemia
Improved DNA repair capacity

Y

Increased
life span

Figure 3 Physiological parameters altered by calorie restriction (CR).
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CR has also been proposed to retard aging by al-
tering the levels of hormones that regulate metabo-
lism or mitosis. Studies in nematodes and transgenic
mice have indicated that alterations in insulin and/or
IGF-1 signaling are associated with increased life
span. Similarly, CR has been shown to decrease
circulating levels of insulin and IGF-1. Additional
research is needed, however, to determine whether
CR-related alterations in insulin, IGF-1, thyroid hor-
mones, leptin, or other hormones play a central role
in the retardation of aging with CR.

Another proposed theory suggests that energy ex-
penditure and oxygen consumption are important
determinates of aging. In support of this idea, long-
lived animals do tend to have lower rates of energy
expenditure per unit of body mass than short-lived
animals. CR experiments, however, have produced
mixed results, with studies reporting either a de-
crease or no change in mass-adjusted energy expend-
iture with CR. Studies investigating organ and
cellular energy expenditure are needed to truly de-
termine whether CR alters energy expenditure per
unit of body mass.

The free radical theory is among the most popular
theories to explain aging, and it has been proposed
that CR may extend life span by decreasing cellular
oxidative stress. The free radical theory proposes that
aging is the result of accumulated oxidative damage
produced by reactive oxygen species (ROS) generated
as by-products of mitochondrial energy metabolism.
Mitochondria are the principal cellular sites of ROS
formation, with approximately 0.2-2% of respired
oxygen converted to superoxide radicals at the
mitochondria. The mitochondrial electron transport
chain is the main source of ROS, with complexes I
and III being the sites of ROS generation. CR has been
shown to decrease oxidative damage to mitochondrial
DNA, proteins, and lipids. CR also decreases mi-
tochondrial ROS production; however, CR has not
consistently been shown to alter cellular antioxidant
enzymes. These results indicate that a CR-related de-
crease in ROS production may play an important role
in the mechanism of life span extension with CR.

While CR has been shown to increase life span in a
variety of animal species, it remains to be determined
if it alters life span in humans. Studies in rhesus
monkeys and humans do indicate that CR increases
insulin sensitivity, decreases blood pressure, and re-
duces markers of inflammation. Long-term CR stud-
ies are under way in rhesus monkeys and humans,
and the results of these studies will determine
whether CR can increase life span in primate spe-
cies. Physical activity is another intervention that has
the potential to slow age-related changes in energy
metabolism. In contrast to CR, studies in rats have

shown that physical activity increases median but not
maximum life span. Therefore, routine exercise may
oppose age-related changes in some physiological
parameters but not alter fundamental mechanisms
that control longevity. Several studies have shown
that routine exercise may increase total energy
expenditure, BMR, and TEM. Studies in elderly
individuals have shown that BMR is higher in
physically active than in sedentary individuals. Phys-
ical activity, especially resistance training, may in-
crease BMR by increasing LBM. However, aerobic
exercise has also been shown, at least in some stud-
ies, to increase BMR by mechanisms independent
from increases in LBM. Exercise has been shown to
increase food intake and TEM, reversing typical age-
related changes. Exercise programs that zincrease
total physical activity would also result in increased
total energy expenditure. In addition to slowing age-
related decreases in energy expenditure, exercise
programs have the potential to slow body composi-
tion changes with aging along with improving insulin
sensitivity and reducing blood pressure. Further re-
search, however, is needed to determine the effect of
long-term exercise programs and exercise in con-
junction with moderate CR, on the length of life.

Conclusions

Aging is associated with changes in nearly all aspects of
bioenergetics. Energy intake is decreased with aging.
Aging is also associated with a decrease in total energy
expenditure, BMR, physical activity, and possibly
TEM. The magnitude of these changes in energy in-
take and energy expenditure is generally not propor-
tional, with weight gain and obesity occurring at
middle age and weight loss becoming prevalent at adv-
anced age. Inability to match energy intake with energy
expenditure places older individuals at greater risk for
detrimental weight loss associated with injury or illness.

CR and physical activity are two interventions that
oppose some physiological changes with aging. CR is
the only intervention that has consistently been
shown to retard aging in mammalian species. Stud-
ies investigating CR have the potential to identify the
mechanism(s) responsible for aging. Physical activity
has the potential to slow age-related decreases
in LBM and energy expenditure, and thus regular
exercise programs may improve quality of life by
negating these age-related changes.

See also: Diet and Nutrition; Exercise and Physical
Activity; Metabolism: Carbohydrate, Lipid, and Protein;
Mitochondria and Aging; Slowing of Aging.
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Glossary

Body Mass Index (BMI) — A practical measure of an
individual’s weight in relation to height, used to
define overweight and obesity.

Fat-free Mass (FFM) — Encompasses all of the body’s
non-fat tissues, including the skeleton, water, mus-
cle, connective tissue, and organ tissues.

Osteoporosis — A condition characterized by low
bone mass (density) and microarchitectural deteri-
oration of bone tissue, with a consequent increase
in bone fragility and susceptibility to fracture.

Sarcopenia — A condition characterized by an
involuntary age-related decline in lean body mass,
primarily due to the loss of skeletal muscle, that
affects functional capacity and strength of older
adults.

Subcutaneous Adipose Tissue — Adipose tissue be-
tween the fascia of skin and the muscles.

Visceral Fat (Intra-abdominal Fat) — A portion of the
internal fat in the abdominal cavity lining the in-
testinal tract.

Introduction

The composition of the human body changes dur-
ing the entire aging process, from development to
maturation and during the advancing years. The sum
of the body’s components, body weight, also fluctu-
ates during an individual’s life span. When changes in
the body components occur such as the increase in
the amount of fat, then deleterious conditions such as
diabetes and cardiovascular disease are manifested.
One of the fastest growing segments of the popula-
tion is individuals over 65 years of age. This age
group, which currently accounts for ~15% of the
population, is expected to grow to a percentage be-
tween 19 and 25% by 2025. Increased body fat and
loss of bone mineral density (BMD) and muscle mass
are defining characteristics of the aging process.
These changes in body composition occur as a result
of normal aging, have a detrimental impact on health
status, and have substantial economic consequences
on the health-care system. Obesity is associated
with an increased prevalence of comorbidities,
including cardiovascular disease, type 2 diabetes
mellitus, hypertension, dyslipidemia, and other met-
abolic diseases. The decline in skeletal muscle mass
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is associated with weakness, functional disability,
frailty, and morbidity, whereas the decrease in BMD
increases the risk of bone fractures and ultimately
results in high rates of disability, morbidity, and
mortality in the elderly. This article describes the
components of body weight and the various methods
currently employed for the determination of body
composition. A description of the age-related
changes in body composition and how changes in
body composition are related to disease will follow.

Body Weight and Its Constituents

Body weight is composed of the sum of the weight of
a variety of tissues, the largest component being body
water, which comprises approximately 60% of body
weight. Body water can be further divided into in-
tracellular (40%) and extracellular (20%) compo-
nents. For instance, the body weight of a young man
may be composed of 60% water, 7% skeleton, 18%
protein, and 15% fat. These separate entities differ
among individuals and change by gender during the
aging process. Furthermore, an excessive increase or
loss of various body components is associated with
disease. In order to document these alterations and
their health consequences, various methods have
been developed to assess these changes in body com-
position.

Body weight is easily and accurately measurable.
Recommended body weights as a function of height
are based on various tables and provide some aid in
assessing obesity. An individual’s actual body weight
is compared with that of a gender-, stature-, and age-
appropriate reference or desirable body weight. The
individual’s actual weight is then expressed as a per-
centage of desirable. A desirable body weight in the
normal range is usually set between 90 and 120%.
Undernutrition and obesity correspond to a body
weight below and above these set levels, respectively.
An additional method of comparison of weight with
a reference population is the calculation of body
weight—stature index. This weight—stature index is
independent of height and correlates with health
outcomes. Since the mid-1980s body mass index ta-
bles have replaced actuarial tables to assess obesity.

Body mass index (BMI), a practical measure of an
individual’s weight in relation to height, is used for
diagnosing protein-energy malnutrition and obesity
(Table 1). A BMI between 18.5 and 24.9 (measured
in kg/m?) is considered normal, with varying levels
below this range defined as underweight (17.0-18.5),
grade II protein-energy malnutrition (16.0-16.9),
and grade III protein-energy malnutrition (<16). A
BMI between 25 and 29 defines overweight in adults,
whereas obesity is defined as a BMI >30. These

Table 1 Classification of adults according to body mass index

(BMI)

Classification BMI (kg/m?) Risk of comorbidities

Underweight <18.50 Low (risk of other clinical
problems increased)

Normal range 18.50-24.99 Average

Overweight >25.00

Pre-obese 25.00-29.99 Increased

Obese class | 30.00-34.99 Moderate

Obese class I 35.00-39.99 Severe

Obese class Ill >40.00 Very severe

Adapted with permission from WHO (1999) Consultation on
Obesity (Technical Report Series 894). Geneva, Switzerland:
World Health Organization.

criteria for defining overweight and obesity are based
on epidemiological evidence that shows a strong as-
sociation between BMI >25 and an increased inci-
dence of cardiovascular disease, type 2 diabetes
mellitus, hypertension, and dyslipidemia that affect
mortality and morbidity. Although BMI is a simple
index of obesity to obtain, it does not differentiate
between fat mass and lean muscle mass. Therefore, it
can overestimate body fat in persons who are very
muscular and underestimate body fat in persons who
have excess fat and reduced muscle mass but normal
body weight. Thus, the methods described in the
following section are particularly useful in the deter-
mination of body composition.

Measurement of Body Composition

Direct measurement of body composition is obtained
only from cadaver analysis. Results from these stud-
ies provide normative weight data on tissues and
organs and are highly accurate. However, indirect
methods, developed to accurately assess body com-
position, can be used repeatedly in clinical and re-
search settings across the age span. The constituents
of body composition and the currently available
tools for their measurement are discussed in the
following subsections.

Total Body Composition

Numerous methods exist for the measurement of to-
tal body fat and regional adiposity. In a compartment
model for the measurement of body composition,
body weight (BW) is divided into fat (F) and fat-free
mass (FEM): BW =F + FFM. FFM is further divided
into five fat-free components, namely, water, osseous
and cellular mineral, protein, and glycogen. Most
indirect measurements of total body fat are based on
compositional differences between the estimated
weight of lean and fat tissues and their respective
densities. Although FFM and lean body mass (LBM)
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are often used interchangeably, they are slightly dif-
ferent. Excluded in the estimated mass of fat is the
soluble fat component (i.e., the ether-soluble fraction
of the adipose tissue and fat stored in nonadipose
tissue sites). Thus, FFM includes the water and pro-
tein fractions of adipose tissue. LBM equals BW
minus weight of adipose tissue. LBM does not in-
clude the weight of water and protein fractions of
adipose tissue. The methods that are currently used
to make measurements using the two-compartment
model are hydrodensitometry, isotope dilution, air
displacement plethysmography (ADP), and total
body potassium. Methods such as bioelectrical im-
pedance, urinary 3-methylhistidine, and urinary
creatinine are other alternatives. A three-compart-
ment model of body composition composed of fat,
FFM, and bone mineral content is assessed by dual-
energy X-ray absorptiometry (DXA). Whole-body
magnetic resonance imaging (MRI) is also used to
quantitate adipose tissue in the entire body and lipids
in muscle and cells (e.g., liver). For the determination
of multi-elemental compartments, neutron activation
analysis (NAA), prompt gamma neutron activation
analysis (PGNA), delayed gamma neutron activation
analysis (DGNA), and inelastic neutron scattering
can be used. Regional adiposity and muscle mass are
estimated with DXA, computed tomography (CT),
MRI, or sonography. A brief description of these
various techniques follows.

Hydrodensitometry Hydrodensitometry or under-
water weighing, considered for many years the gold
standard for measuring body fat, is based upon the
Archimedes principle whereby the volume of a mass
is equal to the volume of liquid displaced by that
solid. Thus, BW in the air and water is measured to
determine body density (Dy). Percent fat is deter-
mined with the equations described by anthropome-
try pioneers Siri and Brozek et al. as

Siri: percent fat =4.95/Dy, — 4.5
Brozek et al.: percent fat = 4.570/D,, — 4.142.

Fat mass and FFM are then calculated. Residual lung
volume must be determined prior to or during un-
derwater weighing using either the helium or ni-
trogen dilution methods. Fat and FFM values in
adults are assumed to have reference values (0.9007
g/ml and 1.10 g/ml, respectively), which may not be
accurate in women, athletes, or the elderly. Further-
more, this technique assumes adequate subject hy-
dration, a fasted state, and a volume of intestinal gas.

Isotope Dilution The measurement of total body
water (TBW) is made with the isotope dilution

method. The method of TBW is based on the as-
sumption that the ratio of water weight to FFM
equals 0.732. Therefore, FFM is calculated as body
water/0.732 and fat mass = BW — FFM. Body water
may be estimated with the dilution of labeled water
using heavy isotopes of hydrogen (deuterium, D,0)
and/or oxygen (H3*O, D3®0) or radioactive water
using tritiated hydrogen (*H,0), usually adminis-
tered orally. Measurement of TBW relies on the re-
lationship that C;V; equals C,V,, where C; is the
concentration of the ingested isotope, Vi is the
volume of the ingested isotope, C, is the concentra-
tion of the isotope in the body after equilibration (as
in plasma, saliva, or urine), and V, is the volume to
be determined or TBW. The concentration of the
tracer is measured both before and after its equili-
bration in the body compartment, and volume is
mathematically determined. The assumptions of this
technique are that (1) C, is completely at equilibrium
in each body compartment at the time of measure-
ment, (2) the isotope has not been incorporated with
any body constituent other than the tracer (water),
and (3) between administration of the tracer and its
measurement, there has been a stable state with re-
spect to influx and efflux of the tracee into the water
compartments of the body. TBW is overestimated by
about 4% for D,O and *H,O due to the exchange
with hydrogen in labile non-aqueous compounds
such that the tracer may be lost as the hydrogen
breaks off and becomes part of another cellular
compartment. With "0, the stable oxygen of water
exchanges with the oxygen of bicarbonate in the
blood, and thus H3%O has an error rate of about 1%.
Stable oxygen is very costly and the supply is rather
limited. Furthermore, all methods require skilled
personnel and sophisticated measuring techniques
and equipment.

Air Displacement Plethysmography In ADP, body
density is estimated through the measurement of
body volume. Body volume is measured through the
application of Boyle’s law, which states that at con-
stant (isothermal) temperature, pressure and volume
are inversely related. Calculation of percent fat is
derived from assessment of body volume based on
the following equation:

body volume (1) =body volume,,,, (1)
— surface area artifact (1)

+ 40% thoracic gas volume (1).

After body volume is determined, body density is
calculated by dividing mass of the subject by
body volume. Thoracic gas volume is measured and
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percent fat determined by the Siri equation (as given
earlier). This technique, although relatively new, is a
valid and reliable alternative to other body compo-
sition methods. There are small mean differences be-
tween methodologies such as hydrostatic weighing,
DXA, deuterium oxide, and multicompartmental
methods and ADP. The benefits of using ADP in-
clude the short assessment time, ease of use, and
propensity for high subject compliance. Specific clo-
thing instructions must be adhered to, to ensure ac-
curacy. Body fat determinations by ADP may be
especially useful for geriatric populations. Race does
not appear to affect the accuracy of estimating per-
cent fat by ADP. The method has also been validated
in overweight and obese individuals.

Total Body Potassium Total body potassium (TBK)
is used to estimate LBM because the ratio of potas-
sium (K) to LBM is relatively constant. From cadaver
and in vivo studies, the ratio is generally accepted to
be 68.1 mEqK/kg LBM in men and 64.2 mEqK/kg
LBM in women. In this method, *°K, a naturally
occurring radioisotope, is detected by a sensitive
gamma ray detector placed close to the subject in a
heavily shielded room. TBK is then mathematically
determined from the measured *°K. Although this
method has an accuracy of approximately 3-4% and
is non-traumatic and non-invasive, it is very ex-
pensive and technical. It should also be noted that
measurement of *°K may be erroneous in potassium-
depleted states.

Anthropometry Anthropometry values, such as
those obtained by thickness and limb circumfer-
ences, can be used in multiple regression equations to
predict body density and to calculate body fatness
and FFM. Skinfold thicknesses can be taken in
several sites, such as bicep, tricep, suprailiac, sub-
scapular, thigh, and abdomen. The measurement of
thickness is based on two assumptions: (1) the thick-
ness of the subcutaneous adipose tissue reflects a
constant proportion of the total fat and (2) the sites
selected for measurement represent the average
thickness of the subcutaneous adipose tissue. The
validity of using equations to predict body compo-
sition is restricted to populations from whom these
equations were derived. Other contributing factors
to error in this technique include the biological
variation in fat in other depots such as intermuscular,
intramuscular, and fat surrounding organs and the
gastrointestinal tract. There is some evidence to
suggest that equations need to be established that are
specific for race. For additional information on an-
thropometry, a comprehensive manual provides de-
tails for measurement procedures and standardized

techniques for more than 40 anthropometric meas-
urements.

Bioelectrical Impedance Bioelectrical impedance
(BIA) is based upon the assumption that fat acts as
an insulator and FFM conducts electrical current.
Body fluids and cell membranes are responsible
for conductance and capacitance (low impedance),
respectively, whereas bone, fat, and triglyceride are
non-conductive and have high impedance. BIA is
based upon the principle that the impedance of a
geometrical system is related to conductor length and
configuration, its cross-sectional area, and signal fre-
quency. The impedance of the flow can be described
as Z=al*/V, where Z is impedance in ohms, 4 is
volume resistivity in ohms-centimeters, L is conduc-
tor length in centimeters, and V is volume in liters.
Impedance can be partitioned into its components,
resistance (R) and reactance (Xc¢): Z>=R?+ Xc%.
Electrodes are placed at the wrists and ankles (hand-
to-foot BIA), a small current is introduced, and the
resistance to the current is measured. Appropriate
regression equations are used to predict FFM and
hence fat mass from BW. Prediction equations gen-
erally include other parameters such as age, gender,
body circumferences, and skinfold thickness. New
BIA systems utilize a foot-to-foot BIA system and
resemble a bathroom scale. These systems have been
validated in older adults for percent fat estimates
against underwater weighing, DXA, and hand-to-
foot BIA. An important assumption for BIA is a bal-
anced hydration state; either dehydration or fluid
overload reduces the accuracy of FFM.

Dual-Energy X-Ray Absorptiometry DXA allows
separation of body mass into bone mineral, fat tissue,
and fat-free soft tissue, a three-compartment model.
DXA has an X-ray source with two photon energies
including low and high energy levels. The ratio of
high to low energy attenuation is specific to elements
(e.g., hydrogen, which minimally attenuates photons,
or calcium, which is highly attenuating). A measure
of the soft tissue attenuation at the two energy levels
is referred to as the Rst. The Rst correlates inversely
with the proportion of soft tissue as fat. The X-ray
beam scans on a pixel-by-pixel basis over the body,
and the values for all pixels are summed to estimate
the molecular components for the body. DXA results
are highly correlated with criterion methods, but
there is modest systematic variation in the estimates
of body composition by DXA with the use of different
hardware and software accommodations to the in-
terpolations for soft tissues located over bone and the
treatment of pixels for which a small portion is bone.
There are newer and faster fan beam instruments that
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may have error in the beam magnification due to the
variation in heights between the source and detector
of tissues. There is some evidence that certain DXA
machines may overestimate FFM and underestimate
FM. Radiation exposure and scanning time have been
reduced with the newer DXA machines. The ease that
DXA affords the subject makes it an attractive alter-
native for body composition assessment in the elderly
or those who may fear submergence in the water with
hydrodensitometry. Studies that report comparisons
across different DXA machines suggest that the same
system be used in longitudinal studies examining
changes in percent body fat and BMD. However,
comparisons of pencil beam versus fan beam DXA
machines illustrate comparable and interchangeable
results for appendicular lean soft tissue.

Urinary 3-Methlyhistidine and Creatinine Excre-
tion Muscle mass analysis can be determined by
techniques such as urinary 3-methlyhistidine (3-MH)
excretion and urinary creatinine excretion. Creati-
nine and 3-MH are end products of muscle metab-
olism that cannot be further metabolized. They are
excreted quantitatively in the urine and are directly
proportional to muscle mass. High-performance
liquid chromotography is conducted to determine a
peak value of absorption of these products. Day-to-
day variability, complete and accurate urine collec-
tions, and the need to comply to a meat-free diet
prior to analysis are requirements of these methods
that limit the accuracy of this technique.

Neutron Activation Analysis Neutron activation
analysis (NAA) is the only technique available for
the measurement of the multi-elemental composi-
tion of the body. In general, a moderated beam of
fast neutrons is delivered to the subject. Unstable
isotopes are created and are reverted to a stable
condition by emission of one or more gamma rays of
characteristic energy. The induced radioactivity is
measured in a whole-body counter. The energy level
identifies the element and the level of activity indi-
cates its abundance. Neutron activation can be used
for determination of Ca, K, P, N, Mg, and Na. Spe-
cifically, a method known as prompt gamma neu-
tron activation (PGNA) analysis measures total
body nitrogen. Nitrogen ('*N) is excited to "N
and gamma rays. Delayed gamma neutron activat-
ion (DGNA) analysis allows the measurement of
total body mineral through the excitation of **Ca to
*’Ca and gamma rays. Using appropriate equations,
total body fat can be calculated with the estimation
of total body protein by PGNA, bone mineral
by DGNA, and body water by isotope dilution.
Another system, inelastic neutron scattering, can

provide an estimate of total body carbon. A mini-
ature deuterium-tritium accelerator generates fast
neutrons that result in gamma rays produced from
12C. The model assumes that total body carbon is
distributed to a certain percent in fat, protein,
glycogen, and bone ash. Using the measurement of
total body carbon, nitrogen, and calcium, total body
fat can be estimated. Although NAA can provide
valuable information, it is very costly and requires a
high radiation dose and highly skilled investigators,
and presently there are few facilities in the world
where it can be performed.

A modification of this method uses simultaneous
measurements of the ratio of body carbon to oxygen
with large (bismuth-germanium-oxygen [BGO]) crys-
tal detectors. The signal-to-background ratio for 