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Foreword

The challenges we face as a global community demand sophisticated responses against a backdrop of
unrivalled complexity. The sheer scale and speed of change—cultural, political, social and techno-
logical—means we must constantly reassess old certainties in the light of new developments.

That is the environment against which we must achieve the Sustainable Development Goals,
adopted by the United Nations in September 2015 as a call to action to end poverty, protect the planet
and ensure food security and good nutrition for all.

Our collective efforts to achieve the Agenda 2030 goals—including number two, achieving Zero
Hunger—require responses that take account of the trends currently reshaping society and shrinking
the world, such as climate change, migration, urbanization and rising economic inequality.

Globalization has dispelled the illusion that these challenges are separate and geographically
confined. Instead, we have come to learn that they are interconnected and common to us all. These
interdependent relationships have profound implications: never before have health and nutrition
professionals been called upon to respond to issues of such complexity and find new solutions to
them.

For the third edition, the book has been retitled Nutrition and Health in a Developing World, to
reflect this rapidly changing landscape and to acknowledge that it is not just low- and middle-income
countries that must face these challenges. Twenty new chapters have been included, while some
topics from the second edition have been contributed by new authors and other chapters have been
updated. Chapters such as Developing Capacity in Nutrition and Ending AIDS by 2030: Partnerships
and Linkages with SDG 2 analyze the implications of the complex shifts for specialists working in the
field.

The drive to eradicate hunger and achieve food security for all illustrates this phenomenon.
Consider why 3 million children under the age of five still die each year from causes attributable to
malnutrition. Poverty, of course, but a variety of other factors also contribute to food insecurity,
ranging from conflict and political instability, to lack of educational opportunity and gender dis-
crimination. All of these issues represent hugely complex structural challenges which require a
multidisciplinary response, underpinned by a clear understanding of their causalities and the interplay
between them.

An effective and coordinated response also requires professionals to combine scientific knowledge
with relevant social, cultural, and ethical insights to ensure that activities are tailored appropriately. It
is not enough to have a strong grasp of the latest nutritional research findings, it must come with a
solid understanding of the context in which they are applied. Local circumstances are just as
important as global trends.

In relation to food assistance programs, for example, it means providing foods that contain the
right nutrients, but which are also a familiar part of the everyday diet of the people we serve.
I remember meeting a Syrian baker in the Zaatari refugee camp in Jordan, who complained to me

vii



because the bread we were handing out was made to a Jordanian rather than a Syrian recipe. The next
day we changed the recipe to one that he provided. This broader cultural and social awareness can
make a critical difference to the success or failure of an initiative.

The third edition of this book will make a valuable contribution towards ensuring that the next
generation of specialists are equipped with the practical and theoretical tools necessary to deliver
effective nutrition and public health policies and programs. This integrated forward looking focus is
credit to the combination of practical and academic experience of the editors, which includes for
Saskia de Pee and Martin W. Bloem already more than 10 years of working with the World Food
Programme while also continuing to be involved in research and academic training and for Douglas
Taren more than 25 years in academic research and undergraduate and graduate education programs
in public health and medicine.

Well-trained young professionals, grounded in a multidisciplinary approach, are vital if we are to
achieve the 17 SDGs by 2030—and realize the vision of the United Nations of a world free from
hunger and poverty for all.

Rome, Italy Ertharin Cousin
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Preface

In September 2015, the General Assembly of the United Nations adopted the Sustainable
Development Goals (SDGs). This was the first time that the UN had developed a set of Global Goals
and not a series of goals only for low- and middle-income countries (LMICs) in contrast with the
Millennium Development Goals (MDGs). The first two editions of this textbook, published in 2001
and 2008, were produced against the background of the MDGs and this was reflected in the title:
Nutrition and Health in Developing Countries. In the 1990s, most development concepts and ideas
were still based on a philosophy that problems in certain parts of the world were independent of the
rest of the world. Despite the title, Semba and Bloem already embraced the complexity of the world
of public health and nutrition, but the SDGs urged us to expand the scope of this third edition to the
world as it is developing today, and include various new chapters and not include a revised version of
some of the chapters of the second edition.

Climate change, pollution, hunger, food systems, Ebola and Zika viruses, etc., have taught us that
the world is interconnected and interdependent. The security problems in the world, e.g., Syria and
South Sudan, do not only lead to destroyed cities, infrastructure, high number of deaths, food
insecurity etc., but also to increased migration of millions of people to Europe and other countries.
What does this mean for public health specialists?

Students in the field of public health, nutrition, development practice, and related fields can no
longer be trained and educated only in domestic or local problems whether they live in the US,
Europe, Africa, Latin America, or Asia. For example, the influx of many immigrants have changed
the morbidity ‘landscape’ in US and Europe, e.g. tuberculosis. The Zika virus epidemic shows that
frequent travel of migrants from their home countries in Latin America contributes to the spread
of the virus and complicates the management of the epidemic. The Ebola crisis of 2014/15 in West
Africa led to global travel restrictions, which were impossible to control and maintain.

The evolving complexity and interconnectedness of our world requires a different approach of
public health. In this edition we have therefore included a variety of topics which are related with
public health but are often on their own the center of multiple other related areas, such as urban-
ization, supermarkets and food value chains. We realize that we can never be complete and fully
comprehensive but are hoping that Nutrition and Health in a Developing World can help the next
generation of public health and nutrition specialists to be trained in such a way that they will be able
to contribute sound and in-depth knowledge of specific areas in health and nutrition while
approaching problems in a multidisciplinary way through collaborating with other fields.

While the focus of public health is on populations, public health practitioners need to understand
the etiology, treatment and political and social implications of health and nutrition problems in several
domains, e.g., individual, household and community level, as well as at a systems level. Scientific
progress, economic growth as well as various communication platforms in each domain influence
what could be appropriate strategies for addressing the problem. For example, treatment availability
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and accessibility has enormous consequences for how individuals and communities are responding to
public health threats. In the case of the Ebola epidemic in West Africa in 2014/15, for which no
treatment or vaccine was available, including a medical anthropologist on the team for containing the
outbreak turned out to be essential. The infected and affected populations had started to distrust
the health facilities since the disease also spread from there. Good understanding of the communities
through anthropological assessments eventually enabled gaining control of the epidemic. Another
example is perception of overweight and obesity by different populations in the world. In the past two
decades, obesity has become a problem of lower socioeconomic strata in high-income countries but is
still a problem of the middle-class in low-income countries. Perceptions are, however, changing and
having a healthy lifestyle and not being overweight increasingly becomes the goal among more
affluent populations in low- and middle-income countries. Historical perspective is also an important
tool of the public health practitioner.

The major drivers of public health and nutrition problems in the next 15 years are (i) the impli-
cations of climate change, (ii) increase of inequity in the world, (iii) political instability between and
within states, (iv) migration, (v) urbanization, and (vi) challenges to achieving sustainable food
systems. We will observe both an increase of non-communicable diseases and infectious diseases and
in the field of nutrition, undernutrition will remain a problem while the obesity epidemic will con-
tinue, increasing the double burden of malnutrition in many low- and middle-income countries. We
have never seen such a complexity of health and nutritional problems in the world, and we have to
propose, pilot, and find new solutions.

Nutrition and Health in a Developing World, Third Edition, starts with a historical overview of
nutrition by Richard Semba. We have recognized that many students in public health and interna-
tional nutrition are overwhelmed by the magnitude of the problems of undernutrition, infectious
diseases, and poor infrastructure in LMICs. It is, however, not enough appreciated that the prevalence
and etiology of nutritional deficiencies, including stunting, as well as of infectious diseases, including
tuberculosis, in the early 20th Century in Europe and the US were very similar.

We can still learn many lessons from the past but too often we are reinventing the wheel. An
interesting example of Semba’s chapter is how the ideas on the role of amino acids/proteins in
malnutrition have changed in the past 50 years. In the late 1960s and early 1970s, there was a lot of
interest in protein deficiency as one of the key determinants of undernutrition. Based on this interest,
researchers from the Americas designed one of the most important studies in the nutrition field: The
Institute of Nutrition of Central America and Panama’s (INCAP) 1969–1977 nutritional supple-
mentation trial. Four rural villages from eastern Guatemala were randomly selected to receive either a
high-protein supplement (Atole) or an alternative supplement devoid of protein (Fresco) [1]. During
the implementation of this study, the Lancet published an editorial in 1974, entitled “The protein
fiasco” [2] which argued that when energy intake would be adequate, so would protein intake, and as
a result, the UN stopped focusing on proteins and changed the focus to calories, which meant staple
food in agricultural terms. The nutritionists changed their attention to micronutrients, particularly
vitamin A, iron, iodine and zinc, including ourselves. The impact of the Guatemala trial was, how-
ever, quite impressive and has been extensively published. The long-term impact of “Atole”, as
assessed among adults who had participated in the study during their early childhood, was not only a
better nutritional and health status but it also had positive economic implications [3], and many of the
recommendations made by the 2008 and 2013 Lancet nutrition series were based on the long-term
results observed from the INCAP supplementation trial. This did not yet lead, however, to a renewed
interest in proteins. In 2016, Semba and co-workers published a number of papers on the associations
between stunting and lower levels of circulating amino acids, which is most probably the beginning
of a renewed focus and interest on the role of amino acids, and protein quality, in malnutrition.

The second part—Contextualizing international nutrition—considering benefit-cost, evidence-base
and capacity, consist of three chapters: Economics of Nutritional Interventions by Sue Horton;
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Nutrition Evidence in Context by Saskia De Pee and Rebecca Grais; and Developing Capacity in
Nutrition by Jessica Fanzo and Matt Graziose.

Since 2014, the International Food Policy Research Institute (IFPRI) has published the Global
Nutrition Report (GNR), a new annual publication that started as a result of the Nutrition for Growth
meeting in London in 2012. The GNR has shown that malnutrition in all its forms is a public health
problem in almost all countries of the world. The 2015 GNR showed that the field has made progress
but there is still a great need for more funding if the world intends to reach the nutrition goal of
SDG2. Horton in her chapter argues that analysis of the economic costs of undernutrition can be used
to advocate for more resources for nutrition investments, and to prioritize cost-effective programming.

Over the past two decades, more and more attention is given to evidence-based programs. While
evidence-based programming is important, De Pee and Grais explain that for interventions that aim to
change dietary intake using foods the evidence-based medical paradigm has several limitations. Their
chapter is exemplary for the philosophy of Nutrition and Health in a Developing World. They argue
that the choice of interventions should be guided by situation analysis of the most likely causes of the
specific nutrition problems among different subgroups of the population, and a good understanding of
what can be delivered and accepted by the target population. They recommend that researchers should
use various designs to collect evidence on implementation and impact, with particular emphasis on
characterizing and assessing the role of context, both for choice of interventions and for assessing
their contribution to addressing malnutrition.

Since the increase of interest in nutrition in the world, various global nutrition experts were
concerned about the lack of capacity and availability of trained professionals in nutrition at all levels.
In 2014, we organized a workshop to discuss this topic in the context of the changing world in
preparation for the SDGs. The chapter by Fanzo and Graziose reflects many of the discussions we had
at this workshop. Capacity development will remain a critical feature of nutrition and development
agendas in the coming decades and Nutrition and Health in a Developing World is an important
contribution to achieving this goal.

The third part—Malnutrition, nutrients and (breast)milk explained—consists of 12 chapters:
Malnutrition spectrum by Douglas Taren and Saskia de Pee; Child Growth and Development by
Mercedes De Onis; Overweight and Obesity by Colleen Doak and Barry Popkin; Nutrient Needs and
Approaches to meeting them by Saskia de Pee; Vitamin A by Amanda C Palmer, Ian Darnton-Hill
and Keith P West, Jr; Iron by Melissa Young and Usha Ramakrishnan; Zinc by Sonja K. Hess; Iodine
by Michael Zimmermann; Vitamin D by John M. Pettifor and Kebashni Thandrayen; Essential Fatty
Acids by Ettie Granot and Richard Deckelbaum; Role of Milk in Nutrition by Benedikte Grenov,
Henrik Friis, Christian Mølgaard and Kim F Michaelsen; The role of Breastfeeding in a developing
world by Douglas Taren and Chessa Lutter.

As previously mentioned, the second Sustainable Development Goal includes nutrition and it is
recognized that nutrition should be tackled through many different platforms. The Scaling up
Nutrition (SUN) Movement, Committee of Food Security (CFS) and the International Congress of
Nutrition (ICN2) are specific platforms of nutrition but there are other platforms, which are critical for
sustainable progress in nutrition, e.g., on climate change, every woman every child, HIV AIDS, etc.
To understand the importance of the strategies, which focus on the underlying and basic causes of
malnutrition, analysis of the direct causes of the various forms of malnutrition is critical. This part of
twelve chapters deals with the different forms of malnutrition and discusses specific nutrients and
their deficiencies, i.e., one of the two direct causes of malnutrition.

Taren and de Pee describe the spectrum of malnutrition, ranging from undernutrition to overweight
and obesity and at the level of individual nutrients from deficiencies to toxicity, and describe indi-
cators of different aspects of nutritional status and their use at individual as well as population level.
De Onis discusses child growth and reviews many concepts including indicators, growth standards,
the magnitude and geographical distribution of suboptimal growth, its short- and long-term conse-
quences, and interventions aimed at promoting healthy growth and development. In 2012, the World

Preface xi



Health Assembly (WHA) adopted global nutrition targets to measure progress at the country level,
using many growth indicators, i.e., stunting, wasting, and overweight in children under age 5; low
birth weight; and in addition anemia in women of reproductive age; and exclusive breastfeeding.

Doak and Popkin describe recent trends in obesity. An important observation is that there is a shift
in low- and middle-income countries from the urban elite to the middle and lower classes. Particularly
interesting is that they show that obesity trends are similar in urban and rural areas, and that more
research is needed to understand these various trends in overweight and obesity. Simple conclusions
that dietary patterns are changing to a more Western type diet are not anymore enough. Global trends
are critical but context analysis is as critical. Most probably, the underlying causes of the obesity
epidemic in the Middle East are not the same as in the US, for example. Doak and Popkin conclude
therefore that the policies and programs that contribute to and may alter these patterns may be best
understood by examining the situation in different settings around the world.

In the 1970s, nutritionists developed a causal framework of malnutrition, which has been exten-
sively used and advocated by UNICEF and is well known as ‘the UNICEF framework’. The Lancet
series on Nutrition in 2013 adjusted it to a more comprehensive framework and many authors in
Nutrition and Health in a Developing World have used this framework as the basis for their chapters.
The framework uses a three-level causality model: immediate causes, underlying causes, and basic
causes. Dietary intake and morbidity are considered as direct, or immediate, causes in this framework.
De Pee in her chapter focuses on nutrient intake recommendations and how they can be achieved. The
chapters by Palmer, Darnton-Hill and West, Young and Ramakrishnan, Hess, Zimmermann, Pettifor
and Thandrayen, and Granot and Deckelbaum each focus on specific nutrients.

As mentioned above, the UNICEF framework of nutrition has been shown to be a useful tool in
nutrition programming and analysis but it is critical to understand that interventions at the level of the
basic and underlying causes eventually have to lead to an adequate intake of nutrients and a morbidity
level that does not interfere with the uptake and utilization of the nutrients. Adequate intake of
nutrients is, therefore, a prerequisite in the prevention of malnutrition in all its forms. De Pee’s
chapter is, therefore, not only very important for every student in the field of public health and
nutrition but a critical read for everyone who works in the field of nutrition education. Behavior
change and education programs in nutrition can only be successful if they eventually lead to con-
sumption of a diet that provides the right types and amounts of nutrients. Dietary reference intakes
have been established for normal, healthy people of different age, sex, physiological state and
physical activity groups. People who suffer from malnutrition or frequent or chronic infections have
higher nutrient needs, and for some of these groups specific intake recommendations have been
proposed. De Pee concludes that meeting nutrient intake recommendations requires consumption of a
diverse diet, which for many target groups also needs to include some fortified commodities.

While work on vitamins started early in the twentieth century, it was in the 1970s that the
significance of micronutrients deficiencies and their consequences was really recognized. Vitamin A,
iron, zinc, iodine, and vitamin D were considered the most important vitamins and minerals. Alfred
Sommer, an ophthalmologist trained in epidemiology, was one of the pioneers in the field of vitamin
A deficiency. He carried out several vitamin A surveys in Haiti, El Salvador, and Indonesia as the
technical advisor to the American Foundation for Overseas Blind (now Helen Keller International).
Sommer’s findings that even mild vitamin A deficiency leads to an increased risk of childhood
mortality and that a high dose of vitamin A could prevent mortality by on average 23% changed the
field of micronutrient deficiencies. West’s chapter is an excellent overview of the history of vitamin A
deficiency and discusses the many strategies that can and are being used to combat this problem.

The excellent Chapters by Young and Ramakrishnan, Hess, Zimmermann, and Pettifor and
Thandrayen elucidate that the fight against micronutrient deficiencies is far from over. Although the
scientific knowledge in this field is far greater than 50 years ago, micronutrient deficiencies remain
public health problems and achieving an adequate intake, whether from the diet and/or supplements,
i.e., through food or health systems, remains an important bottleneck.
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Essential fatty acids play an important role in diverse biologic processes and metabolic pathways
that are relevant to both health and disease. Granot and Deckelbaum provide an excellent overview
and recommendations about the role of essential fatty acids during pregnancy, infancy and childhood,
including in undernourished populations.

Since the development of ready to use therapeutic foods (RUTFs) for treating severe acute mal-
nutrition, nutritionists have renewed their interest in the role of milk and its different components in
the treatment and prevention of undernutrition. While the chapter by Kiess (in part VI) discusses the
use of different ready-to-use foods in the context of the humanitarian crises, Grenov and colleagues
particularly discuss the role of human and animal milks. Taren and Lutter discuss in their chapter the
many benefits but also the programmatic obstacles of achieving good rates of appropriate breast-
feeding practices.

The fourth part—Tuberculosis, HIV and the role of nutrition—has four chapters: Tuberculosis by
Eyal Oren and Joann McDermid; HIV—medical perspective by Louise C. Ivers and Daniel
Dure; HIV and Nutrition by Anupama Paranandi and Christine Wanke; Tuberculosis and Nutrition by
Anupama Paranandi and Christine Wanke. Infectious diseases are increasingly a public health con-
cern and in the second edition, we had covered diarrheal diseases, respiratory diseases, measles,
malaria, HIV, and tuberculosis. For this edition, we have chosen to include only HIV and
Tuberculosis because we believe that these two diseases are good examples of the philosophy of
Nutrition and Health in a Developing World. These chapters, together with the chapters by Semba,
and by Mehra, De Pee and Bloem (in Part VI) cover both HIV and TB from different perspectives,
which can also be applied to other common diseases. We believe that many lessons learned from
these chapters are applicable to other infectious diseases, e.g., Ebola, Zika, etc.

The fifth part—Nutrition and health in different phases of the lifecycle—has six chapters:
Reproductive health by Satvika Chalasani and Nuriye Ortayli; Maternal nutrition and birth outcomes
by Usha Ramakrishnan, Melissa Young, and Reynaldo Martorell; Small for Gestational Age: Scale
and consequences for mortality, morbidity and development by Ines Gonzalez-Casanova, Usha
Ramakrishnan, and Reynaldo Martorell; Developmental disabilities by Burris Duncan, Jennifer
Andrews, Heidi Pottinger and F. John Meaney; Adolescent health and nutrition by Jee Rah, Satvika
Chalasani, Vanessa M. Oddo and Vani Sethi; Nutrition in the Elderly from Low- and Middle-income
Countries by Odilia Bermudez and Noel Solomons.

The development and pathology of nutrition and health problems are different in the various
phases of the life cycle. The size of the human body increases rapidly during the first 1000 days,
starting at conception, which is the best window for prevention of stunting. However, Ramakrishnan
and colleagues show in their chapters that SGA is a key determinant of stunting that is associated with
maternal nutritional status and needs to be tackled starting even before conception. Teenage preg-
nancies are very common in countries with a high prevalence of stunting and nutrition and health
programs need to focus on this difficult to reach adolescent population. The chapter by Duncan et al.
on developmental disabilities illustrates a new appreciation of how epigenetics, culture, and nutrition
are interconnected to prevent and manage the health of a population that has been underrepresented
on a global scale until the UN ratified The Convention on the Rights of Persons with Disabilities. Rah
et al. discuss the period of adolescence, both from a biological and a social perspective and its
implications for programming that aims to improve nutrition of adolescents for themselves as well as
for the next generation. While many interventions during pregnancy aim to improve birth outcomes,
Chalasani and Ortayli describe the impact of nutrition on the woman’s own health. The nutritional
status of the elderly has not received much attention but since life expectancy is increasing in all
countries in the world, it is good to give more attention to this phase of the life cycle. Bermudez and
Solomons have given an update on our current knowledge on this age group and the gaps.

The sixth part—Tackling health and nutrition issues in an integrated way in the era of the SDGs—
consists of four chapters: Evaluation of nutrition sensitive interventions by Deanna Olney, Jef Leroy
and Marie T. Ruel; Integrated approaches to health and nutrition: Role of communities by Olivia
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Lange, Divya Mehra, Saskia de Pee and Martin W. Bloem; Nutrition in humanitarian crises by
Lynnda Kiess, Natalie Aldern, Saskia de Pee and Martin W. Bloem; and Ending AIDS by 2030:
Partnerships and Linkages with SDG2 by Divya Mehra, Saskia de Pee and Martin W. Bloem.

The SDGs show that many problems are interdependent and this is particularly valid for health and
nutrition problems. Olney and colleagues describe the importance of nutrition-sensitive interventions
and emphasize that good designs of evaluations of these programs are critical for understanding their
contribution to improving nutrition and being cost-effective. The health field has since Alma Ata
recognized the importance of communities, and in the 80s and 90s, many community-based programs
were developed with the purpose to have lower cost, effective programs. As mentioned previously, an
understanding of community dynamics was critical in the 2014/15 Ebola outbreak. Mehra and col-
leagues in both chapters have examined the many aspects of communities and how public health
specialists have to understand not only the supply but also the demand side to ensure effective
delivery and uptake of services. Communities are dynamic, not only the geographically defined
communities but also the virtual communities. Emergencies are a good example of the need for a deep
understanding of these affected communities and Kiess and colleagues explain the many determinants
and solutions for malnutrition in humanitarian settings.

The seventh part—Trends in urbanization and development, impacts on the food value chain and
consumers, and private sector roles—consists of five chapters: Urbanization patterns and strategies for
ensuring adequate nutrition by Sunniva K. Bloem and Saskia de Pee; Urbanization, Food Security
and Nutrition by Marie T. Ruel, James Garrett, Sivan Yosef and Meghan Olivier; The Impact of
Supermarkets on nutrition and nutritional knowledge: a food policy perspective by Peter Timmer;
Value chain focus on food and nutrition security by Jessica Fanzo, Shauna Downs, Quinn Marshall,
Saskia de Pee and Martin W. Bloem; Role of foundations and initiatives by the private sector for
improving health and nutrition by Kalpana Beesabathuni, Kesso Gabrielle van Zutphen and Klaus
Kraemer.

The Sustainable Development Goals have recognized that more and more people are moving from
rural areas to cities. This has led to SDG 11: Make cities inclusive, safe, resilient, and sustainable.
While currently half of humanity already lives in urban areas, by 2030, almost 60% of the world’s
population will live in cities. This speed and scale of urbanization has been unprecedented.
Originally, in high-income countries, cities developed close to and were linked to rural areas with
high levels of agricultural produce. In many LMICs, however, many cities have grown independently
and largely disconnected from rural areas and agricultural produce, with many already facing the
double burden of malnutrition. The role of the private sector in health and nutrition is different in the
rural areas as compared to urban areas, and disparities vary widely within cities. Health care in cities
is often privatized and the role of the food industry is much larger as most people participate in the
market economy. The chapters by Bloem and De Pee, Ruel and colleagues, Timmer, and Fanzo and
colleagues, examine various components of urbanization. The rise of supermarkets as part of a
modern value chain has raised many concerns but is a development that the global community has to
deal with. Recently, a couple of countries have developed new nutrition policies and included
dialogue with the private sector as a key strategy. Beesabathuni and colleagues argue that the private
sector and foundations should and can play a critical role in the prevention and control of malnutrition
and describe interesting examples.

Two of us have worked for an extensive time for the United Nations and one of us has spent a
quarter of a century in academic research developing undergraduate and graduate education programs
in public health and medicine and we feel that human rights should be the basis for every public
health strategy. One of the components of a human rights approach is research. Doherty and Chopra
have presented the history of ethics particularly in research in the last chapter of the book. Human
rights should be at the basis of every health strategy.

We wish to thank our Series Editor, Adrianne Bendich, and the colleagues of Springer, Connie
Walsh and Samantha Lonuzzi, for their encouragement, interest, and hard work to complete this
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volume. Adrianne’s dedication, keen interest and deep knowledge of nutrition and health as well as
her trust in the editors are very encouraging and inspiring. Additionally, we extend our gratitude and
thanks to all the chapter authors for their extensive, thoughtful and analytical reviews and for their
dedication to supporting the next generations who will continue to work to improve the lives of
people throughout this developing world.

As editors, we hope that Nutrition and Health in a Developing World will instill curiosity, a desire
to develop in-depth expertise, and appreciation for the need to approach public health and nutrition
problems from multidimensional angles and with a multi-sectoral team. With that, public health
professionals and others working to improve the world’s development should be confident and well
equipped to design comprehensive and effective policies, programs, and research across various
sectors to reach the Sustainable Development Goals by the year 2030.

Rome, Italy Saskia de Pee, Ph.D.
Tucson, USA Douglas Taren, Ph.D.
Rome, Italy Martin W. Bloem, M.D., Ph.D.
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Series Editor Preface

The great success of the Nutrition and Health Series is the result of the consistent overriding mission
of providing health professionals with texts that are essential because each includes: (1) a synthesis
of the state of the science, (2) timely, in-depth reviews by the leading researchers and clinicians in
their respective fields, (3) extensive, up-to-date fully annotated reference lists, (4) a detailed index,
(5) relevant tables and figures, (6) identification of paradigm shifts and the consequences, (7) virtually
no overlap of information between chapters, but targeted, inter-chapter referrals, (8) suggestions of
areas for future research and (9) balanced, data-driven answers to patient as well as health profes-
sionals questions which are based upon the totality of evidence rather than the findings of any single
study.

The series volumes are not the outcome of a symposium. Rather, the editors have the potential to
examine a chosen area with a broad perspective, both in subject matter as well as in the choice of
chapter authors. The international perspective, especially with regard to public health initiatives, is
emphasized where appropriate. The editors, whose trainings are both research and practice oriented,
have the opportunity to develop a primary objective for their book; define the scope and focus, and
then invite the leading authorities from around the world to be part of their initiative. The authors are
encouraged to provide an overview of the field, discuss their own research and relate the research
findings to potential human health consequences. Because each book is developed de novo, the
chapters are coordinated so that the resulting volume imparts greater knowledge than the sum of the
information contained in the individual chapters.

“Nutrition and Health in a Developing World, Third Edition” edited by Dr. Saskia de Pee, Ph.D.,
Dr. Douglas Taren, Ph.D. and Dr. Martin W. Bloem, M.D., Ph.D. is a welcome addition to the
Nutrition and Health Series and fully exemplifies the series’ goals. This unique volume is a very
timely update of the second edition that was published in 2008. Over the past nine years, there has
been a significant increase in public health understanding of the huge role of digital communication.
Enhanced communication capabilities permit populations from different economic states to share in
the new benefits, as well as threats, in this digital age. As examples, climate change, pollution,
hunger, contaminated food systems, and Ebola and Zika virus infections have shown that the world is
interconnected and interdependent. War-like aggressions in certain parts of the world not only led to
destroyed cities and infrastructure, high number of deaths of adults as well as children and severe
food insecurity, but also to increased migration of millions of people to Europe and other countries.
Moreover, in 2015, the global Sustainable Development Goals were adopted and resulted in a shifting
of the focus by UN member nations from disease specific interventions and poverty in low- and
middle-income communities to addressing issues of sustainability, human rights, social inclusion and
justice and ensuring “no one is left behind”. Thus, with these global critical issues in mind, the editors
have decided to not only update the relevant chapters from the second edition, but also to add new,
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timely chapters as well as adapt the volume title to better reflects today’s interconnected and
developing world and the current thinking of public health professionals.

The internationally recognized public health nutrition researchers who serve as the editors of this
volume have identified key areas that will gain in importance due to current critical issues including
the implications of climate change, increase of inequity in the world, political instability between and
within states, numerous mass migrations of nutritionally at-risk populations, urbanization, outbreaks
of new infectious diseases, continued health issues related to obesity among those that were mal-
nourished as children, and challenges to achieving sustainable food systems. Moreover, the editors
have chosen the most respected and knowledgeable authors for the volume’s 36 insightful chapters.
Thus, this volume addresses these critical issues with objective, data-driven chapters that reflect the
goals of public health nutrition today and for the future. The chapters contain both Learning
Objectives as well as Discussion Points as it is the intention of the editors that this volume serves as
an important resource for educators and students.

The editors of this comprehensive volume are uniquely qualified to develop this 3rd Edition with its
broader perspective. The editors have worked together and are well respected by their peers; each has
been involved in international nutrition research, collectively, for more than a century and have each
contributed greatly to enhancing the nutritional status and overall health of literally millions of children
and adults in populations at-risk for nutritional and economic deficiencies. All three editors have
extensive lists of peer-reviewed publications including original clinical research studies. Dr. Saskia de
Pee serves as Senior Technical Advisor, Nutrition and HIV/AIDS for the United Nations World Food
Programme (WFP) that focuses on improving the nutritional quality of food assistance provided by the
WFP. Her responsibilities includes representing the WFP in global technical/scientific and
policy-related meetings that ensure that policy and programming are in-line with the latest scientific
evidence; coordinating technical aspects of nutrition-focused public–private partnerships; designing
programs with new commodities with specific Country Offices, including evaluation of implemen-
tation and outcomes; developing new public private partnership opportunities in nutrition and
preparing technical communications for WFP colleagues. Dr. de Pee is Adjunct Associate Professor at
the Friedman School of Nutrition Science and Policy, Tufts University, Boston, MA. Prior to joining
the WFP, she was a consultant to the Global Alliance for Improved Nutrition (GAIN) and served on
their Independent Review Panel for Infant and Young Child Nutrition Program proposals as well as
evaluating the China Soy Sauce Fortification Project. She was also Scientific Advisor for Helen Keller
International in the Asia Pacific and New York offices. Dr. Douglas L. Taren, Ph.D. currently serves as
Associate Dean for Academic Affairs in the Mel and Enid Zuckerman College of Public Health,
Professor of Public Health and Director of the Western Region Public Health Training Center at the
University of Arizona, Tucson, AZ. Dr. Taren, during his 25+ year career, has been conducting
nutritional research in low- and middle-income countries. He has been a member of NIH study and
numerous grant review committees. His research includes work with the CDC on breastfeeding by
HIV positive mothers and a related study in a breastfeeding counseling program to decrease perinatal
HIV transmission in Kisumu, Western Kenya. Dr. Taren has served as the Director of graduate and
postgraduate level training programs that include distance learning programs. Additionally, he has led
a program that integrated and evaluated nutrition education into a medical curriculum and directed
several training programs including the distance learning program on maternal and child health as part
of a certificate program. Dr. Martin W. Bloem is the Global Coordinator of WFP in UNAIDS which is
responsible for leading the UN’s AIDS efforts to bring together, in the AIDS response, the efforts and
resources of ten UN system organizations. He also serves as Senior Nutrition Advisor of the United
Nations World Food Programme in Rome, Italy. He is Adjunct Associate Professor at the Friedman
School of Nutrition Science and Policy at Tufts University, Boston, MA and at Johns Hopkins
Bloomberg School of Public Health, Baltimore. Dr. Bloem previously served as Senior Vice President,
Chief Medical Officer and Regional Director for Asia Pacific in Singapore for Helen Keller
International. Dr. Bloem co-edited, with Dr. Richard Semba, the first and second editions of Nutrition
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and Health in Developing Countries and therefore Dr. Bloem has served as an esteemed editor for the
Nutrition and Health Series for the past 15 years.

This comprehensive volume contains 36 chapters that are organized in eight parts: History of
Nutrition; Contextualizing International Nutrition- Considering Benefit-Cost, Evidence Base and
Capacity; Malnutrition, Nutrients and (Breast) Milk Explained; Tuberculosis, HIV and the Role of
Nutrition; Nutrition and Health in Different Phases of the Lifecycle; Tackling Health and Nutrition
Issues in an Integrated Way in the Era of Sustainable Development Goals; Trends in Urbanization and
Development, Impacts on Food Value Chains and Consumers, and Private Sector Roles; and Ethics-
Critical to Making Progress in Public Health.

Part I History of Nutrition

The first part in this volume contains a comprehensive review by Dr. Richard Semba, who co-edited
the first two editions of this volume. We are reminded that within the last two centuries, there has
been a general improvement in the health of people worldwide that can be attributed largely to
changes in nutrition including food safety and availability, clean water and personal as well as
population-based improvements in basic hygiene and public health including vaccination programs
and dietary guidelines, as well as increased numbers of graduate and postgraduate students in the
various fields of nutrition. At the beginning of the nineteenth century, the burden of morbidity and
mortality from infectious diseases such as malaria, cholera, measles, tuberculosis, and diarrheal
disease, and nutritional deficiency diseases such as scurvy, pellagra, rickets, goiter and vitamin A
deficiency were relatively high in Europe, North America, and much of the rest of world. By the end
of the twentieth century, these diseases were largely eradicated from industrialized countries.
Unfortunately, many of these diseases and their associated morbidity and mortality continue to be
major problems in low- and middle-income countries. The chapter, which includes over 200 relevant
references and many helpful figures, reviews the development of understanding of the role of food,
diet and essential nutrients in the practice of preventive medicine during the past 200 years in Europe
and the US and describes the major scientists and physicians who initiated the development of public
sewers, sterilization of surgical utensils and food preparation methods to avoid contamination and
spoilage. The initiation of the fields of microbiology and immunology and the discovery of the
vitamins and other essential nutrients and their roles in reducing infant mortality and links to chronic
diseases are also discussed.

Part II Contextualizing International Nutrition—Considering Benefit-Cost,
Evidence-Base and Capacity

Part II contains three chapters that concentrate on challenges to achieving optimal nutritional status
for the world’s population and sustaining that level of nutritional adequacy. Chapter 2 examines the
importance of developing an economic model that quantifies the economic benefits of nutrition
interventions. Economic analysis can assist nations in deciding how best to allocate investments to
improve nutrition among competing programs, and how to use public funding most effectively.
Methods, including cost-effectiveness analysis and cost-benefit analysis, are reviewed and outcomes,
including increased cognition and educational achievement versus death and hospitalizations averted,
are examined in depth. The next chapter, co-authored by one of the book’s editors, discusses the
methodologies needed to choose nutritional interventions, implementation strategies and assessment
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tools for a preventive approach among large numbers of at-risk individuals. The important role of
evidence-based medicine and the development of systematic reviews of data based upon the hierarchy
of study types is stressed and its implications (plusses and minuses) for nutrition interventions are
examined. Chapter 4 continues to examine the critical issues that currently face the global nutrition
community with emphasis on the 2015 Sustainable Development Goals, and examines the future
needs for training a professional workforce to deal with these multi-sectoral dimensions of public
health nutrition. Factors reviewed include climate change; population growth; extreme poverty;
energy-intensive dietary patterns; water scarcity; land and natural resource degradation; rising prices
of food, fuel and fertilizer; and political instability. These factors are predicted to contribute to a shift
in the global burden of disease, both in type and locus, and an increase in food insecurity in many
parts of the world. There is an examination of the bidirectional relationship between climate
variability and agriculture, which affects health and nutritional status, commonly called the diet–
environment–health trilemma, and how effectively dealing with this requires professionals that
understand, and to some extent speak the language of, the different disciplines.

Part III Malnutrition, Nutrients and (Breast)Milk Explained

Part III includes twelve chapters that examine the continuing risk of childhood malnutrition and its
consequences on growth and development even in the face of obesity. There are six chapters that
review key individual essential nutrients followed by two chapters related to breast and other sources
of milk during infancy and childhood. Chapter 5, written by two of the volume’s editors, compre-
hensively reviews the most widely acceptable and used assessment tools for nutritional status, to
measure different aspects of the spectrum of malnutrition. Information about the use and interpretation
of indicators of food security, dietary intake, anthropometry, and biomarkers to assess nutritional
status at the global, national, household and individual level are compared. There are also discussions
of new areas of research regarding nutritional assessment such as metabolomics and gut microbiota
that can help understand and identify links between nutritional status, dietary patterns, and other
factors. The indicators have significant variation across the world and can help to determine global
and national prevalence of different forms of malnutrition. These indicators are used to track progress
towards improving nutrition and to assess the impact of nutrition interventions, whether they are part
of research studies or public health programs. Accurate use of nutritional indicators is dependent upon
accounting for the population’s rate of response as well as individual factors including the partici-
pant’s age, sex and non-nutritional factors. The chapter includes nine valuable tables and figures.
Chapter 6 follows with a broad overview of the consequences of child growth retardation and how it
affects the individual throughout their lifespan. The chapter reviews indicators and growth standards
for assessing impaired fetal and child growth; describes the magnitude and geographical distribution
of growth retardation in developing countries; outlines the main health and social consequences of
impaired growth in terms of morbidity, mortality, child physical and mental development and
adult-life consequences; and reviews interventions aimed at promoting healthy growth and devel-
opment. There is an in-depth discussion of the three most commonly used indicators to assess
childhood growth status: weight-for-height, height-for-age, and weight-for-age and the standards for
these measurements as well as other key standards are included in the 10 informative figures and
tables.

The seventh chapter examines the prevalence of adult obesity around the world using the WHO
standard grading definitions. Currently, the greatest prevalence of overweight and above occurs in the
Middle East and North Africa, Latin America and the Caribbean and in Central Asia. In contrast,
countries in South Asia and sub-Saharan Africa have the lowest prevalence of overweight and
obesity. The chapter contains detailed information concerning populations affected and certain health
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consequences that appear in extensive tables and figures. Chapter 8, written by a co-editor, examines
the nutrient needs and approaches to meeting required nutrient intakes established by FAO/WHO, the
Institute of Medicine (IOM) in the US and other regulatory bodies. The IOM uses terms including
estimated average requirement (EAR) and upper intake levels (UL) that are explained in detailed. In
terms of risk, the EAR and UL are very different. The EAR is the midpoint of required intake. At this
level of intake, the risk of inadequacy is 50% and the negative consequences of inadequate macro or
micronutrient intakes are well established. The risk of an intake close the UL, however, is negligible
because it includes an uncertainty factor lower than the intake at and above which adverse effects may
be expected. Moreover, if there was an absence of adequate safety data, a high uncertainty factor was
applied for those micronutrients. The terms nutrient density and energy density are defined and
examples of adequately nutritious foods for different population groups are included.

The next six chapters review the consequences of deficiencies in vitamin A, iron, zinc, iodine,
vitamin D, and essential fatty acids and also provide mechanisms for the prevention of deficiencies.
Chapter 9 reminds us that vitamin A deficiency still affects an estimated 190 million preschool-aged
children and 10 million pregnant women in low-income countries. Prevalent cases of vitamin A
deficiency blindness (xerophthalmia) in young children is believed to be about 5 million and remains
the leading cause of preventable pediatric blindness in the developing world. Vitamin A deficiency
remains an underlying cause of at least 157,000 early childhood deaths annually due to diarrhea,
measles, malaria and other infections. This comprehensive chapter, that includes over 400 references
and 24 key tables and figures, describes the chemical structure of vitamin A and its precursors,
provides an historical review of the discovery and identification of the vitamin, dietary sources,
absorption, metabolism and functions, followed by discussions of the epidemiology of vitamin A
deficiency and its role in morbidity and mortality. The chapter concludes with insights on its diag-
nosis, treatment, and approaches for prevention through dietary improvement, supplementation,
fortification, and biofortification. Iron is reviewed in Chap. 10 and includes eight comprehensive
tables and figures that help to illustrate iron’s biological functions, metabolism and regulation,
assessment methods, prevalence of deficiency, key risk factors/etiology, functional consequences,
along with evidence-based strategies for the prevention and control of iron deficiency and anemia.
The likely causes of childhood anemia, new delivery systems for iron including biofortification,
delayed cord clamping at birth and analysis of safety issues are included in this comprehensive
chapter. Zinc is another essential mineral and Chap. 11 provides the rationale for reducing the risk of
zinc deficiency especially for infants, young children and pregnant women. The reason for the
attention to zinc status in recent years is the increased understanding that zinc is involved in hundreds
of metabolic processes and acts as a catalyst, regulatory ion, and/or structural element of proteins.
Over 300 metalloenzymes require zinc as a catalyst, and about 2500 genetic transcription factors
require zinc for their structural integrity. The chapter, with 135 references, outlines the major causes
of zinc deficiency and includes details concerning assessment tools, strategies for preemptive pre-
vention as well as treatments for marginal as well as frank zinc deficiency.

Chapter 12 reviews the essentiality of iodine and reminds us that iodine is an essential component
of thyroid hormones. Iodine deficiency has multiple adverse effects due to inadequate thyroid hor-
mone production. Iodine deficiency during pregnancy and infancy impairs growth and neurodevel-
opment (especially higher brain functions) and increases the risk of infant mortality. Deficiency
during childhood reduces growth, cognitive and motor functions. Mild-to-moderate iodine deficiency
in adults results in goiter and an increase in thyroid hyperplasia. Overall, iodine deficiency produces
widespread adverse effects in individuals, including decreased learning, apathy, and reduced work
productivity. The major sources of iodine are salt extracted from sea water and sea life. If the majority
of a population does not have access to iodine-containing foods, most of the population will be iodine
deficient and population-wide interventions are needed. Assessment of iodine status is reviewed and
implementation of iodized salt strategies is discussed. Chapter 13 describes the current global
prevalence of nutritional rickets and the related effects of vitamin D and calcium deficiencies.
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Nutritional rickets remains a major cause of infant and young child morbidity and mortality in several
low- and middle-income countries across the world. A major environmental factor is that vitamin D
production in the exposed skin is significantly less at high latitudes in the temperate zones. Another
factor in the Middle East and in some population groups in other countries is the religious custom of
covering the body that results in reduced sun exposure, which is particularly detrimental to infants
and young children, adolescents and pregnant women. Low dietary calcium intakes and relative
vitamin D deficiency exacerbates and promotes the development of rickets. Currently, effective
prevention programs are not in place in most low-income countries. The chapter includes 165 relevant
references and six important figures that provide strong support for more effective programs to reduce
the two essential micronutrient deficiencies of vitamin D and calcium. Chapter 14 focuses on basic
research and clinical/epidemiological studies relating to essential polyunsaturated fatty acids, with an
emphasis on areas of importance to low- and middle-income countries, specifically those pertaining to
mother and child health. Assessment of dietary requirements of essential fatty acids during the life
time, and assuring adequate intakes especially during pregnancy, lactation and early childhood in
vulnerable middle- and low-income populations, are included. The chapter reviews the roles of the
elongated omega-3 fatty acids, eicosapentanoic acid (EPA) and docosahexaenoic acid (DHA), in
the development of the brain, heart and immune system; the major sources of these fatty acids and the
mechanisms to provide these essential nutrients to at-risk populations.

The final two chapters in Part III discuss the importance of breast milk and animal milk especially
for infants and young children in low- to middle-level economies. The nutritional and immunological
composition of breast milk is presented in detail as is the compositions of milks from cow, buffalo,
sheep and goat that are often used in rural settings and increasingly included as ingredients in special
nutritious foods for older infants and young children. The WHO recommendations are included:
exclusive breastfeeding for 6 months and continued breastfeeding until the age of 2 years or beyond.
Studies and recommendations from WHO and several national bodies are included. These find
consistent reductions in child mortality and morbidity in those infants provided with breastfeeding
and it has been estimated that 800,000 children die every year due to suboptimal breastfeeding
practices. Chapter 16, co-authored by the volume’s co-editor, containing more than 150 references,
provides strong support for breastfeeding based upon an objective review of the literature. The WHO
and national, community and local recommendations and implementation strategies for helping
lactating women understand the many benefits of their efforts for their baby as well as themselves are
reviewed. The importance of breastfeeding as a major component of the Sustainable Developmental
Goals to be reached by 2030 is highlighted.

Part IV Tuberculosis, HIV and the Role of Nutrition

The four chapters in Part IV provide in-depth examination of tuberculosis and HIV with two chapters
on each of these serious, chronic diseases; the first two chapters provide the medical perspective
of the disease and then each disease is discussed with regard to the nutritional consequences and
potential for treatment enhancement. Chapter 17 summarizes the history and major symptoms and
effects of infection with tuberculosis, and outlines key barriers to further reduction of the global
burden. There is a discussion of the epidemiology and major risk factors associated with
Mycobacterium tuberculosis transmission, establishment of infection, and progression to active
clinical disease, pathogenesis, diagnosis and treatment; over 160 relevant references and insightful
figures are included. Current tuberculosis control strategies, including vaccination, are reviewed.
Drug-resistant tuberculosis and tuberculosis within vulnerable populations including HIV
co-infection, young children, diabetics, and those affected by poverty and/or special socioeconomic
circumstances are also addressed in this comprehensive chapter. With regard to Human
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Immunodeficiency Viral infection (HIV), Chap. 18 includes a brief history of the HIV/AIDS
epidemic and access to care; HIV virology, transmission and pathogenesis; clinical history of HIV
infection; global epidemiology; comprehensive HIV care and the HIV care continuum; prevention of
HIV; overlapping epidemics, and special issues in women and children. Currently, individuals living
with HIV infection can have a life expectancy that is similar to those without HIV infection if they
have access to early, high quality care and treatment. The serious inequities that continue to exist
globally that cause certain groups to remain particularly vulnerable to infection are examined.

Chapter 19 reviews the well-documented importance of nutrition in all aspects of tuberculosis
infection. Malnutrition, involving both macro- and micronutrient deficiencies increases the risk of
contracting the disease as well as the risk of developing active disease. Undernutrition results in
worsened tuberculosis-related outcomes, including cachexia and death. Negative social and economic
factors, such as food insecurity, help promote malnutrition and tuberculosis infection, which adds to
the vicious cycle. Children and pregnant or lactating women are more vulnerable to the dual effects of
tuberculosis and malnutrition. The effects of malnutrition are further compounded in those co-infected
with HIV and tuberculosis, with an even higher risk of morbidity and mortality compared to those
with either disease alone. Both medical treatment and adequate nutritional intake to achieve and
maintain normal body mass index (BMI) and nutritional status, as recommended by the WHO, are
required for prevention and successful treatment. The chapter reviews the efforts required to expand
treatment and nutritional care to all infected people to ensure that tuberculosis is controlled and no
longer a health threat to the global community. As with the patient with tuberculosis, those who are
undernourished have a greater risk of becoming infected with HIV than the adequately nourished
individual. However, unlike tuberculosis which can be cured, current therapies cannot cure HIV.
Treatment must be lifelong and the treatment of HIV is complicated by nutritional issues. The HIV
infected individual experiences lifelong nutritional issues related to the chronic viral infection and the
treatment. The chapter includes an in-depth discussion of the chronic use of antiretroviral therapy that
is required to maintain life, and may overcome the causes of weight loss, reduction in key essential
nutrients and the risk of cachexia. Also included are discussions of co-infection with tuberculosis,
maternal to child transmission of HIV and WHO guidelines to address these issues.

Part V Nutrition and Health in Different Phases of the Lifecycle

The six chapters in the fifth part examine the importance of nutrition for men and women of
childbearing potential to help assure a healthy pregnancy, birth outcome and successful lactation.
Malnutrition, be it undernutrition or obesity, significantly increases the risks for adverse pregnancy
outcomes including, but not limited to, infant prematurity, small for gestational age, congenital
malformations and other developmental disabilities that are also addressed in chapters in this
part. Nutrition has become a well-accepted key to a healthy pregnancy and the importance of the
pre-pregnancy window has especially been recognized since the findings of the benefits of peri-
conceptional folic acid intake, for example from fortified flours, for the prevention of neural tube birth
defects. The nutritional needs of the woman who is an adolescent when she becomes pregnant are
reviewed as are numerous specific foods and dietary ingredients including harmful ones, such as
alcohol. Adolescence growth spurts and the additional nutritional needs as well as those of seniors
who may be at risk for food insecurity are also reviewed in separate chapters. Chapter 21 reviews the
relationship between nutritional status and reproductive well-being during the phases of the repro-
ductive cycle starting from the onset of puberty in both sexes, to the menstrual cycle and pregnancy.
The chapter also examines the role of nutrition in the prevention and treatment of sexually transmitted
infections and reproductive organ cancers in both sexes. The interplay of genetics, hormone pro-
duction, and nutritional status of the mother during pregnancy as well as the adolescent are reviewed
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in detail. Evidence from clinical interventions involving supplementation and the importance of
essential vitamins and minerals are also reviewed.

The next two chapters describe adverse effects on neonatal growth associated with maternal
undernutrition and provide thoughtful recommendations to lower these risks. Chapter 22 concentrates
on the myriad of nutritional factors that have been linked to healthy pregnancy outcomes for both the
mother as well as the infant and places the science into the context of developing and implementing
public policies in low- and middle-income countries. The need to identify better ways to overcome
barriers to program implementation with improved methods for targeting and measuring program
effectiveness for maternal nutrition before and during pregnancy is stressed. The authors provide key
nutrition research areas and strongly recommend that nutrition and health programs that focus on
improving birth outcomes should strengthen linkages with other sectors such as agriculture, water and
sanitation, family planning, education, and social protection. Chapter 23 describes the major causes of
neonates being born small for gestational age (SGA). SGA is defined as a birth weight for gestational
age below the 10th percentile of the reference and is used as an indicator of inadequate intrauterine
growth. It is estimated that over 27% of live births are SGA in developing countries, with important
short- and long-term repercussions for health and development. The chapter describes the challenges
to assess SGA, its main consequences, epidemiology and nutritional determinants especially in low-
and middle-income countries. Methods to assess gestational age are described; factors that increase
risk including preeclampsia, maternal diabetes (gestational or preexisting), anemia and/or other
nutritional deficiencies, toxins, such as tobacco, alcohol and environmental toxins, fetal and placental
factors are all reviewed. Along with numerous increased risks of adverse health effects following
birth, being born SGA is also associated with an increased risk of childhood stunting and wasting,
which in turn has been associated with increased morbidity and mortality. The chapter includes over
100 relevant references and 8 helpful tables and figures.

The next three chapters examine the consequences of undernutrition (and obesity where relevant)
on the health of vulnerable populations including those with developmental disabilities, adolescents,
especially females, and seniors. Chapter 24, with 130 references and 7 comprehensive tables and
figures, provides a sensitive, in-depth analysis of the consequences to individuals who are considered
to have developmental disabilities in low- or middle-economic environments where resources are
limited. The authors cite the US definition of developmental disability: a severe, chronic disability
that can be mental or physical or a combination of the two; that manifests itself prior to age 22; is
likely to be permanent; and results in a substantial limitation in three or more of the specific areas
(self-care, receptive and expressive language, learning, mobility, self-direction, capacity for inde-
pendent living, and economic self-sufficiency); and that requires a combination of interdisciplinary
services for an extended period of time that may be lifelong. In addition to genetic and genomic
causes, the effects of malnutrition are discussed as well as the interactions between genetic and
environmental causes, as illustrated by mutations in folate-related genes and lack of use of prenatal
multivitamins that has been associated with increased risk of autism in the case of mothers with a
specific genotype or genome. The nutrient deficiencies often found in children with these disabilities
are reviewed as are the support systems that may be available for severely disabled children in their
communities. Chapter 25 reviews the current needs for enhancing the nutritional status of adolescents
with emphasis on females in low- and middle-income countries. The current evidence suggests that
the prevalence of undernutrition, overweight, and micronutrient deficiencies are considerable among
adolescents. Rapid growth and development during puberty increases physiological demands for
energy and micronutrients, which is often coupled with suboptimal food and nutrient intake. The
inability to meet nutrition requirements due to physiological changes are further complicated in
females by child marriage and adolescent pregnancy. In low-income countries, many adolescents
enter pregnancy with poor nutritional status and have a limited intake of nutrients during pregnancy
and lactation. As discussed in the above chapters, both pregnant and lactating adolescents and their
infants are likely to have suboptimal growth and nutritional status. The chapter stresses the need to
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improve adolescent nutrition with a range of effective, large-scale, complementary nutrition-specific
and -sensitive interventions. Older adults represent another population group at-risk for nutritional
inadequacies and Chap. 26 reviews the physiological changes associated with the ways that the older
body handles nutrients as there is a decline in the functioning of the digestive system that impacts the
utilization of critical, specific nutrients. Many of the affected organs are involved in the metabolism of
food including the stomach and small intestine, liver, heart, kidneys, skin, immune system, and oral
cavity. Older adults often experience a decline in gastric hydrochloric acid secretion that can result in
a decline in the bioavailability of vitamin B12. Older adults may be at a compromised status for
vitamin D, and consequently, for calcium absorption. Changes in body composition (decreased lean
muscle mass and increased fat mass) result in decreased basal metabolic rates, energy needs, and
capacity for physical activity. Depending upon the economic status of the individual and access to
medical care in low- and middle-income countries, there may also be increased use of prescription
and non-prescription medications, chronic drug therapy, and decreased capacity of the liver to
metabolize drugs. The chapter stresses the risks of undernutrition during aging and provides tables
that describe the WHO recommendations for intakes for seniors.

Part VI Tackling Health and Nutrition Issues in an Integrated Way in the Era
of the Sustainable Developmental Goals

The four chapters in this part examine the major questions that are currently driving global efforts to
reduce the risk of malnutrition for populations that may be acutely or chronically at risk. Chapter 27
provides options for determining the effectiveness of nutrition programs in low- and middle-income
countries. Although most affected nations agree that there is a need to invest in nutrition-sensitive
programs to address the underlying causes of undernutrition, the evidence of what works, how these
work and the economic cost of the programs is not well documented. There is a detailed discussion
of the many complexities of evaluating nutrition-sensitive programs, impact and process evaluations,
and cost evaluations. The chapter puts forth a plan for building a strong body of evidence from
rigorous, theory-based comprehensive evaluations of different nutrition-sensitive program models that
bring together interventions from sectors including health, education, agriculture, social protection,
women’s empowerment, water and sanitation, and other relevant programs. There are study designs
included that have the potential to build a strong body of evidence on what works to improve
nutrition, how it works and at what cost. The next three chapters are co-authored by two of the
co-editors. Chapter 28 concentrates on the role of communities in enhancing nutrition programs.
The chapter discusses the role of geographically bounded communities in providing health resources.
The changing global dynamics with respect to population demographics, health trends, urbanization,
global health policy, technology, and analyses are reviewed. The concept of virtual communities is
discussed within the health context. The authors propose an integrated supply and demand-oriented
framework for the future role of communities in advancing health and nutrition outcomes. The
importance of the community health worker is stressed using “Child Health Days” as an example,
where multiple maternal and child health interventions were provided during a few days per year.
This program is representative of an effective setting for providing routine services such as vacci-
nations, high-dose vitamin A capsule distribution, growth monitoring and nutrition education. These
programs, administered by the community health workers have been documented to result in sig-
nificant reductions in childhood under-5 mortality. Other major programs include those dealing with
severe infections including HIV/AIDS and tuberculosis and acute childhood malnutrition. The
chapter includes a detailed comparison between the earlier Millennium Development Goals and the
2015 Sustainable Development Goals and how the change in goals will impact communities and their
role in supporting health and nutrition of its members.
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Chapter 29 provides a compelling and up-to-date examination of the scope and effects of
humanitarian crises. We learn that in 2016, the United Nations Office for the Coordination of
Humanitarian Affairs reported that the global humanitarian appeal provided life-saving humanitarian
assistance to over 87 million people across 37 countries, most of which remain in conflict. These
figures do not include the expected humanitarian needs associated with the El Niño weather pattern in
2016 that affected Southern and East Africa, Southeast Asia and Central America. Those anticipated
needs represent a massive increase from 2007, when 26 million people required assistance. In
addition to more frequent crises affecting larger numbers of people, a greater share of crises are
complex and protracted and the people affected require prolonged support and assistance. Forced
displacement due to conflict and natural disaster is also increasing, and totaled 60 million people by
the end of 2014. Climate change alone is expected to impact crop yields, water supply, greatly
intensifying droughts, floods and heat waves and also impact the frequency and severity of existing
diseases and the introduction of new health threats such as Zika virus mentioned above. The chapter
reviews the prioritization of nutritious food resources, first to infants and toddlers during the first
1000 days of life, and describes the importance of reviewing the situation of nutrition, health and food
systems that existed prior to the crisis as part of planning and preparing for a response to a crisis as
well as in anticipation of potential crises.

Chapter 30 concludes this part with the examination of the potential to reach the third sustainable
development goal of good health and well-being. The goal includes the commitment to end the HIV,
malaria, and TB epidemics and address non-communicable diseases by 2030. The UNAIDS
Fast-Track approach aims to achieve ambitious targets by 2020, including fewer than 500,000 people
newly infected with HIV, fewer than 500,000 people dying from AIDS-related illnesses, and elim-
inating HIV-related discrimination. The chapter includes a description of the matrix framework that
can help to bring about the United Nations Secretary General’s Zero Hunger Challenge aimed at
achieving the vision of a Zero Hunger world by uniting around clear, measureable zero-based targets
that would reject inequities and aims to eliminate childhood stunting; ensure that food is accessible to
all; and that food systems are sustainable.

Part VII Trends in Urbanization and Development, Impacts on Food Value
Chains and Consumers, and Private Sector Roles

Part VII contains five chapters that examine the current world status and the future nutritional needs
of low- and medium-income countries around the globe. Chapter 31 co-authored by one of the
volume’s editors, examines the capacity of urban development patterns to help policy makers prepare
for and achieve better urban nutrition, especially for the urban poor, by analyzing city size, urban
infrastructures, trade, and rural–urban linkages. This chapter is especially important as we learn that
by 2050, 6.3 billion people, or two thirds of the world’s population, will be living in cities. Today
more than half of the world’s people live in urban areas and 90% of the urban growth between now
and 2050 will take place in Africa and Asia. The double burden of undernutrition and obesity is
greater in cities and the topics of food waste, food security and food safety, water and sanitation are
reviewed. The consequences of city size are examined in depth. Chapter 32 continues with a deep
examination of the effects of urbanization on nutrition as well as access to sufficient nutritious food.
The chapter reviews the status of poverty, food security and malnutrition in urban compared to rural
areas; provides an overview of the unique challenges and opportunities for urban dwellers to generate
income and achieve food security and nutrition; and discusses the implications for urban programs,
policies and research. The chapter reaffirms the findings of a rapid rise in overweight and obesity in
urban areas, while undernutrition and micronutrient deficiencies persist and highlights critical gaps in
knowledge and understanding of the distinctive factors and conditions that shape poverty, food
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security, and nutrition in cities. The increased diversity of foods and higher incomes in urban areas
results in diets that are less affected by seasonality than rural ones. The availability of a wide range of
foods and the shift away from traditional diets also meets consumer desires for greater food choices
especially in large urban areas, even among the poor. Conversely, physical activity levels are doc-
umented to be lower in urban versus rural areas. This comprehensive chapter, with 140 important
references, expands upon the cultural changes in women’s roles in the urban compared to rural areas
and how these affect the nutritional status of the woman and her family.

The importance of the emergence of supermarkets in low- and middle-income countries is
addressed in Chap. 33 that provides an analytical and policy perspective on supermarkets and their
modern supply chains, and the subsequent impact on food security and nutritional well-being. On the
positive side, supermarkets and modern supply chains offer significantly enhanced food safety, the
opportunity to fortify basic food staples and food for specific target groups with essential vitamins
and minerals, and the potential to stabilize food prices, thus contributing to food security. On the
negative side, supermarkets offer many choices of foods that may contribute to the obesity epidemic
and non-communicable chronic diseases such as diabetes and cardiovascular disease. The chapter
includes an in-depth analysis of the economic effects as well as government and non-governmental
agency policy development in light of the increased globalization of food availability in the face of
local farmer and poor community members’ nutritious food access. Chapter 34 concentrates on the
need to add nutritional value to the food value chains in order to get the full benefit of the value chain
system for consumers. Food value chains that include the nutrition component have a role to play in
terms of identifying innovative ways to improve the availability, affordability and acceptability of
nutritious foods both in the context of undernutrition and over-eating. The chapter reviews the
potential for developing policies that support actions along the food value chain that can contribute to
healthier consumption patterns; the role of the private sector in producing, processing, packaging, and
distributing food is key. The chapter authors, that include two volume editors, discuss the potential
benefits of applying a business perspective to nutrition to identify opportunities for integrating
nutrition into the value chain with the goal of increasing the availability, affordability and accept-
ability of nutritious foods for the population. For readers who are not familiar with production
methodologies that include adding value at each step, this chapter is a key primer.

The last chapter in this part, Chap. 35, provides a unique perspective on the importance of private
sector involvement in enhancing the Sustainable Development Goals of 2015. The chapter covers
both corporate foundations and major corporate initiatives by Fortune 500 companies that play a key
role in improving nutrition and health in low- and middle-income countries. The areas covered
include the provision of goods and services, financial and in-kind contributions, the advance of
advocacy tools, driving innovation and novel approaches, and the proliferation of public–private
partnerships. Foundations such as the Rockefeller Foundation and Ford Foundation are reviewed as
these were early leaders in the field of health. Recently, the largest private global health foundation,
the Bill & Melinda Gates Foundation, has made significant investments in nutritional health.
Extensive review of programs and investments are provided and the benefits are outlined. In order for
corporate foundations’ role to be further strengthened and improved in the public health arena in the
future, the chapter authors include an analysis of procedures that should be considered: conflicts of
interest must be mitigated and addressed; transparency and accountability are encouraged across all
sectors to acknowledge the interests of all stakeholder groups, including civilians, government, donor
organizations and the private sector; trust and accountability should be strengthened by adopting
reporting mechanisms where the social impact of investment is measured; independent audits should
regularly measure the scope and management of conflicts of interest with private foundations; the
authors recommend the institution of a transparent public health code of ethics that would provide
guidance to mitigate conflicts of interest.
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Part VIII Ethics—Critical to Making Progress in Public Health

The final chapter in this excellent, comprehensive volume examines the importance of ethics espe-
cially in public health research. Chapter 36 reviews the historical development of ethical codes of
conduct for clinical research and their implications for today’s clinical investigators. During the
Nuremberg War Crime Trials following World War II, the Nuremberg code was drafted as a set of
standards for judging physicians and scientists who had conducted biomedical experiments on
concentration camp prisoners. The central feature of the Nuremberg Code was the protection of the
integrity of the person participating in research. The Nuremberg code was endorsed by the World
Medical Association which published the Declaration of Helsinki in 1964. This ethical standard is
particularly relevant as there has been a significant increase in the number of international collabo-
rative health research studies involving high-income country sponsors and scientists at low- and
middle-income country institutions and subjects. The inherent inequality of the relationship between
these two groups has drawn attention to the ethics of research sponsored (or conducted) by groups in
high-income countries but carried out in low- and middle-income country institutions. Practical
considerations, including the development of Institutional Review Boards, Informed Consent, stan-
dards of care and confidentiality are reviewed and case studies are provided. This sensitive chapter is
of great value for any investigator who plans to embark on a clinical trial.

Conclusions

The above description of the volume’s 36 chapters attests to the depth of information provided by the
59 well-recognized and respected chapter authors. Each chapter includes complete definitions of
terms with the abbreviations fully defined and consistent use of terms between chapters. Key features
of this comprehensive volume include over 200 detailed tables, boxed explanations and informative
figures, an extensive, detailed index and more than 3300 up-to-date references that provide the reader
with excellent sources of worthwhile information that will be of great value to the public health
researcher, health provider, government food and nutrition policy leader as well as graduate and
medical students.

In conclusion, “Nutrition and Health in a Developing World, Third Edition” edited by Dr. Saskia de
Pee, Ph.D., Dr. Douglas Taren, Ph.D. and Dr. Martin W. Bloem, M.D., Ph.D. provides health pro-
fessionals in many areas of research and practice with the most up-to-date, well-referenced volume on
the importance of nutrition as a key component of health especially in populations living in low- and
middle-income countries. The chapters review the role of diet, food, essential and nonessential
nutrients, water and other components of the diet in maintaining the overall health of the populations
that are examined with regard to public health nutrition. There is an overriding goal of evaluating the
multiple adverse effects of malnutrition, from undernutrition to obesity throughout the lifecycle, so that
targeted progress can be made in improving the health of those at greatest risk of nutritional deficits.
Areas emphasized include nutritional impacts on maternal and infant health, adolescent health, and the
health of older individuals as well as those with physical and mental disabilities in the context of
limited national resources. The importance of optimal dietary intakes in those suffering from tuber-
culosis or HIV/AIDS or both are discussed along with chapters that address the increased rates of
non-communicable diseases, especially cardiovascular disease, diabetes and obesity. The advent of the
2015 Sustainable Development Goals has resulted in the inclusion of updated chapters that examine
the role of communities as more people move to urban centers and purchase their food in supermarkets;
nutrition-based food value chains, and ethical guidelines in the changing world economics. Unique
chapters review the implications of applying an evidence-based medicine approach to nutrition, and
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the essentiality of nutrient-rich foods for humanitarian crises and for fostering elimination of certain
infectious diseases. The volume serves the reader as the benchmark in this complex area of interre-
lationships between nutrients, foods, social issues, ethnic factors, public policies, physical activity,
pregnancy, older adults, adolescents, children, controversies within the nutrition research community,
private foundations that impact nutrition programs, and the critical area of food safety. The editors,
Dr. Saskia de Pee, Ph.D., Dr. Douglas Taren, Ph.D. and Dr. Martin W. Bloem, M.D., Ph.D. and the
excellent chapter authors are applauded for their efforts to develop the most authoritative and unique
resource on the importance of nutrition in today’s interconnected and developing world and this
excellent text is a very welcome addition to the Nutrition and Health Series.

Adrianne Bendich, Ph.D., FACN, FASN
Editor
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Chapter 1
Nutrition and Development: A Historical Perspective

Richard D. Semba

Keywords Diet � Hygiene � Infectious diseases � Nutritional deficiencies � Public health

Learning Objectives

• The idea of progress in public health has its roots in the French Enlightenment. French scientists
conducted early work on preventive medicine and public health and demonstrated the relationship
of social disparities with mortality in Paris.

• Infectious diseases such as malaria, yellow fever, tuberculosis, and cholera, and nutritional
deficiencies such as rickets, pellagra, goiter/cretinism, and nutritional blindness, were major
diseases in Europe, Great Britain, and the United States during the nineteenth century.

• In nutrition, the first half of the twentieth century was focused on the characterization of the
vitamins, followed by two decades of emphasis on protein malnutrition. Under the assumption that
children received enough protein and only needed more energy, much protein work was aban-
doned. The last four decades have focused mostly on micronutrient malnutrition.

Introduction

In the last two centuries, there has been a general improvement in the health of people worldwide that
has been attributed largely to changes in nutrition, hygiene, and public health. At the beginning of the
nineteenth century, the burden of morbidity and mortality from infectious diseases such as malaria,
cholera, measles, tuberculosis, and diarrheal disease, and nutritional deficiency diseases such as
pellagra, rickets, and vitamin A deficiency, were relatively high in Europe, North America, and much
of the rest of world. By the end of the twentieth century, these diseases were largely eradicated from
industrialized countries, but many of these diseases and their associated morbidity and mortality
continue to be major problems in developing countries today. Mortality rates from infectious diseases
have generally been declining in industrialized countries over the last 200 years, and improved
nutrition and resistance to disease as well as better hygiene and sanitation have been cited as the main
factors for a reduction in infectious disease mortality rather than technological advances in medicine
[1–4].
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The purpose of this chapter is to provide a brief historical overview of major ideas and events that
have shaped public health over the last two centuries, with an emphasis on developments related to
nutrition and infectious disease. As a concise review, this chapter is limited to selected highlights
from the last 200 years, and for a more detailed overview, the reader is referred to general texts on the
history of public health [5–7], medicine [8], infectious disease [9, 10], and geographical medicine
[11], as well as to more specialized sources dealing with protein and energy [12], scurvy [13],
pellagra [14], food [15–17], and hunger [18]. Most of this review will focus on developments in Great
Britain, the United States, and France, as these countries have drawn the most attention of historians
of public health and nutrition.

The Idea of Progress in Public Health

The idea of progress in public health largely rose during the Enlightenment in France among the
philosophes such as Denis Diderot (1713–1784) and Jean le Rond d’Alembert (1717–1783). Earlier
antecedents were found in the methods of the French rationalist philosopher and mathematician René
Descartes (1596–1650) [19]. Diderot and d’Alembert edited the monumental Encyclopédie, ou
Dictionnaire raisonné des sciences, des arts et des métiers, which was published between 1751 and
1772. The Encyclopédie, a major work of the Enlightenment, was meant to benefit future generations
with a compendium of human knowledge [20], and it included some issues relating to health, such as
the duration of life, the health of infants, and growth of population.

One of the greatest Encyclopedists was Marie Jean Antoine Nicolas Caritat, Marquis de Condorcet
(1743–1794), a French statesman, philosopher, and mathematician who wrote the Esquisse d’un
tableau historique des progrès de l’esprit humain (Sketch for a History of the Progress of the Human
Mind) [21]. A critic of Robespierre and the Jacobins, Condorcet had been accused of treason and was
sentenced in absentia to the guillotine. During a period of hiding in Paris in 1792, Condorcet wrote
the remarkable Esquisse in which he argued for the infinite perfectability of man. Condorcet predicted
that there would be equality between men and women, the abolition of war, the end of colonialism
and the slave trade, more equal distribution of wealth, and the eradication of disease through progress
in medical science [21]:

No one can doubt that, as preventive medicine improves and food and housing become healthier, as a way of life
is established that develops our physical powers by exercise without ruining them by excess, as the two most
virulent causes of deterioration, misery and excessive wealth, are eliminated, the average length of human life
will be increased and a better health and a stronger physical constitution will be ensured. The improvement of
medical practice, which will become more efficacious with the progress of reason and of the social order, will
mean the end of infectious and hereditary diseases and illnesses brought on by climate, food, or working
conditions. It is reasonable to hope that all other diseases may likewise disappear as their distant causes are
discovered [22].

Condorcet’s work was published posthumously in 1795 and became a seminal work in the idea of
progress in Western thought [19, 23].

The assumption that “the happiness of the human species is the most desirable object for human
science to promote” was expressed by William Godwin (1756–1836) in An Enquiry Concerning
Political Justice, and Its Influence on General Virtue and Happiness [24]. Godwin noted the vast
inequality in property and the role of political institutions in favoring these conditions, and he
envisioned a future where intellectual and moral improvement and reform of government would
reduce inequality, war, and injustice. According to Godwin, the perfectability of man was intrinsic to
the human species, and political and intellectual state of man was presumed to be in a course of
progressive improvement.
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Instead of indefinite progress, Thomas Robert Malthus (1766–1834), a British economist, pre-
dicted overpopulation, misery, famine, and war, and his views first appeared in an anonymous book,
An Essay on the Principle of Population, as It Affects the Future Improvement of Society, with
Remarks on the Speculations of Mr. Godwin, M. Condorcet, and Other Writers, which was published
in 1798 [25]. Malthus believed that the population was growing greater than the ability of the earth to
provide subsistence. Preventive checks upon population included moral restraint, such as the post-
ponement of marriage and avoidance of extramarital relationships. Later, Malthus was to concede that
more personal and social action could prevent much of the grim scenario that he had predicted, and
the debate about Malthus is frequently revived [26].

A central idea of social medicine—an outgrowth of Enlightenment thought—was that government
could use medical knowledge to improve the health of the people. A comprehensive social medicine
approach was described by Johann Peter Frank (1745–1821), a German physician, in System einer
vollständigen medicinischen Polizey (A System of Complete Medical Police) [27]. Frank’s recom-
mendations for sanitary, social, and economic reforms were broad, and based on the idea that medical
police, a benevolent form of despotism, could provide for the health and protection of the people from
cradle to grave. Frank was Director General of Public Health of Austrian Lombardy and Professor of
Clinical Medicine at the University of Padua, and his social concerns are clearly stated in his
graduation address De populorum miseria: morborum genitrice (The People’s Misery: Mother of
Diseases) in 1790:

Starvation and sickness are pictured on the face of the entire laboring class. You recognize it at first sight. And
whoever has seen it will certainly not call any one of these people a free man. The word has become mean-
ingless. Before sunrise, after having eaten a little and always the same unfermented bread that appeases his
hunger only half- way, the farmer gets ready for hard work. With emaciated body under the hot rays of the sun
he plows a soil that is not his and cultivates a vine that for him alone has no reward. His arms fall down, his dry
tongue sticks to the palate, hunger is consuming him. The poor man can look forward to only a few grains of rice
and a few beans soaked in water. And to this he can add only very sparingly the condiment with which nature
has provided mankind in such a liberal way…

Scarcity of food, however, and a quality of food that has no nutritional value make the citizens physically unfit
for any sustained effort and predispose them for catching any matter of diseases. The weaker the organism and
the more exhausted from troubles the human machine is, the sooner miasmas and contagions penetrate it like a
dry sponge. Hence famine—sterility of the fields increased under an unfortunate constellation—is immediately
followed by epidemics in the provinces [28].

Among the myriad recommendations made by Frank in the System were that wells and springs
used by the public should be examined regularly, and that rivers and ponds be kept clean and
protected against sewage, industrial discharges, and refuse. The medical police were to be responsible
for ensuring that an abundant and pure food supply was available, and observations were to be made
whether certain kinds of foods eaten by different classes might predispose to serious ills or greater
mortality. Frank also emphasized the importance of breastfeeding of infants. Although Frank’s work
on “medical police” was considered somewhat outmoded by the time it was completely published, it
was influential in setting a standard for broad approaches to public health [29].

The underlying theme of this book—nutrition and health in a developing world—implies the
prevailing model for development, where knowledge is cumulative and progress in nutrition and
health generally proceeds in a linear fashion where the world is destined for improved nutrition, better
health, more equity, and greater justice. Such precepts are implicit in the mission of large organi-
zations such as the United Nations Children’s Fund, the World Health Organization, the United States
Agency for International Development, the Overseas Development Agency, the World Bank, and the
Food and Agricultural Organization.
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The Rise of Statistics and Probability

The importance of keeping statistical records of health problems, including births, deaths, and other
statistics relating to population, was emphasized by William Petty (1623–1687), an economist and
physician, and John Graunt (1620–1674), a merchant, in England [30, 31]. In this early work on vital
statistics, Graunt used detailed parish records to show the major causes of death, that mortality rates
were higher in urban than rural areas, that more boys are born than girls, and that death rates varied by
season [32]. Early attempts to enumerate all births and deaths and determine total population were
undertaken in Sweden in the middle of the eighteenth century, and other efforts were made in France
and Holland [33]. The use of “political arithmetic,” or “the art of reasoning by figures upon things
relating to government” [34], continued into the nineteenth century.

By 1836 the registration of births, marriages, and deaths had been made compulsory in England,
and William Farr (1807–1883), a physician and compiler of abstracts in the Registrar General’s office,
became an advocate for social reform using statistics. Farr used life tables, an innovation introduced
by the English astronomer Edmund Halley (1656–1742) [35], to show the relative health of districts,
and infant mortality rates were used as a primary indicator of health [36]. Better statistics would help
improve health and assist in the efforts of preventive medicine, and Farr assigned a greater role in
public health to physicians [37]:

It has been shown that external agents have as great an influence on the frequency of sickness as on its fatality;
the obvious corollary is, that man has as much power to prevent as to cure disease. That prevention is better than
cure, is a proverb; that it is as easy, the facts we had advanced establish. Yet medical men, the guardians of
public health, never have their attention called to the prevention of sickness; it forms no part of their education.
To promote health is apparently contrary to their interests: the public do not seek the shield of medical art against
disease, nor call the surgeon, till the arrows of death already rankle in the veins. This may be corrected by
modifying the present system of medical education, and the manner of remunerating medical men.

Public health may be promoted by placing the medical institutions of the country on a liberal scientific basis; by
medical societies co-operating to collect statistical observations; and by medical writers renouncing the notion
that a science can be founded upon the limited experience of an individual. Practical medicine cannot be taught
in books; the science of medicine cannot be acquired in the sick room.

Vital statistics were also examined by Adolphe Quetelet (1796–1874), a Belgian astronomer and
mathematician, who showed that the distribution of observations around a mean could be expressed
as the distribution of probabilities on a probability curve. In Sur l’homme et le développement de ses
facultés, essai d’une physique sociale (On Man and the Development of his Faculties: An Essay on
Social Physics), Quetelet investigated different aspects of “social physics,” such as birth and death,
height and weight, and health and disease. In this work he elaborated the important concept that the
average man, or l’homme moyen, could be expressed mathematically [38]. Statistics became the
means to study the condition of the population, especially the working classes, and early Victorian
Britain saw the formation of the Statistical Society of Manchester in 1833 and the Statistical Society
of London in 1834 [39].

Modern mathematical statistics arose largely from biometry in the late nineteenth century [40].
Francis Galton (1822–1911), an English scientist and explorer of Africa, originated the concepts of
regression and correlation, tools which were being developed to study heredity [41]. Karl Pearson
(1857–1936), a statistician at University College, London, continued to study the concepts of vari-
ation, correlation, and probability, and he introduced the term “standard deviation” in 1893 and
defined the correlation coefficient mathematically in 1896 [42]. Other important developments in
statistics were the chi-square test in 1900, and the t-test and its distribution was defined by
W.S. Gosset (Student) in 1908 [43]. Analysis of variance derives from a paper by Ronald A. Fisher
(1890–1962), a British geneticist and statistician, in 1918. An important development in statistical
methods was the integration of statistics with experimental design in The Design of Experiments by
Fisher, in which the idea of randomization was promoted in experimental design [44]. The idea of
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alternative hypotheses and two types of error was developed in the late 1920s [45] and was important in
the determination of sample size and power calculations for experimental studies. The concepts of
randomization, sample size and power, and placebo controls helped to refine the controlled clinical trial
as the basis for scientific evaluation of new therapies [46].

Early Foundations of Preventive Medicine

The modern movement in preventive medicine and public health largely began in France in the first
half of the nineteenth century, largely inspired by the Enlightenment approach to health and disease
[47, 48]. Louis René Villermé (1782–1863) used a numerical approach to show that there was a large
gap in health between the rich and poor. Villermé was a former French army surgeon who was
familiar with the psychological and social consequences of famine during the war [49]. Shortly after
leaving the military, Villermé showed in a large demographic study of Paris, Recherches statistiques
sur la ville de Paris (Statistical Researches in the City of Paris), that mortality rates were highest in
the poorest arrondissements, or districts, and lowest in the wealthy arrondissements [50]. Thus, the
differences between the rich and poor clearly extended far beyond financial position into matters of
life and death. Louis François Benoiston de Châteauneuf (1776–1862), a physician and contemporary
of Villermé, showed that there were large differences in diet in Paris [51], and the differences in diet
became incorporated into sociomedical investigations of mortality [52]. According to Villermé [53],
famine was followed by epidemics, and the poor were always hit the hardest by hunger and epi-
demics. He argued that a high state of civilization reduces epidemics and called for reforms so that
people would be protected against the high price of food, which, for the poor, meant the same as
famine. Some of Villermé’s and Benoiston’s work appeared in France’s first journal of public health,
Annales d’hygiène publique et de médecine légale, founded in 1829. In 1840, the appalling health
conditions of textile workers were reported by Villermé [54], leading to a law the following year
limiting child labor in France.

In the kingdom of Naples, an important early survey was conducted in 1811 by the government of
Joachim Murat (1767–1815) that addressed the relationship between nutrition and disease [55, 56]. In
1765, one year after a terrible famine killed thousands in the kingdom of Naples, Antonio Genovesi
(1713–1769), a local leader of the Enlightenment, expressed the proto-Malthusian idea that an
equilibrium exists between the population of the state and the availability of resources [57]. An
attempt was made to address such a relationship in a survey, which showed that there was widespread
nutritional deprivation in the kingdom, especially in rural areas. In one area, famine was so common it
was said that “tanto li contadini che li artieri pria degli occhi, aprono la bocca (upon awakening
peasants and workers alike open their mouths before they open their eyes).” This survey was an early
analysis of the mutual relationships among environmental, social variables, nutrition, and public
health, and nutritional deprivation was identified as a main factor predisposing to disease [56].

The Sanitary Idea

During the early industrialization of England, Jeremy Bentham (1748–1832), a writer on jurispru-
dence and utilitarian ethics, expressed the belief that laws should be socially useful and that actions
should support “the happiness of the greatest number” [58]. Edwin Chadwick (1800–1890), a fol-
lower of Bentham, became Secretary of the Royal Commission to investigate the Elizabethan Poor
Laws, legislation from the early seventeenth century in which relief for the indigent was to be
provided by the local parish, and employment of the poor was provided by workhouses. As the

1 Nutrition and Development: A Historical Perspective 7



population grew, the problems of urban overcrowding and deterioration of food, sanitation, and
housing became a major crisis by the nineteenth century. In 1842, Chadwick published Report on the
Sanitary Condition of the Labouring Population of Great Britain which described the unsanitary
living conditions among the poor [59]. As in Villermé’s report, higher mortality was shown among
the poorer classes than among the wealthy classes. The report recommended that the highest priority
be given to practical measures such as drainage, removal of refuse, and improvement in the water
supply, and it was emphasized that much disease among the poor could be prevented by public health
measures. As Chadwick put it, “…all smell is disease” [60]. Legislation followed in the wake of the
report, including the British Public Health Act (1848), which established a general board of health,
and legislation aimed at food adulteration, regulation of slaughterhouses and other trades, water
supplies, and sewers.

The sanitary movement in the United States largely echoed the efforts in France and England. In
1850 a major plan for public health, Report of the Sanitary Commission of Massachusetts, was
presented to the government of Massachusetts State by Lemuel Shattuck (1793–1859), a teacher,
bookseller, and genealogist [61]. The report reviewed the sanitary movement abroad and in the
United States, disease in the state of Massachusetts, and made recommendations for promotion of
public health through creation of state and local boards of health, conduct of a regular census, better
collection of vital statistics, improved sanitation, water, and housing, and other measures. The main
basis for the report was that “…measures for prevention will effect infinitely more, than remedies for
the cure of disease.” Although Shattuck was unable to have many of the recommendations enacted
into law immediately, the report was a harbinger for a comprehensive public health policy in the
United States.

The first census in the United States by the federal government took place in 1790, and a
nationwide census was decreed in the constitution to occur every 10 years [62]. In Great Britain the
first nationwide census was undertaken in 1801, and periodic national censuses gained authority in
France after 1840 [52]. National registration systems and their vital statistics were used to bring
attention to problems in public health in Europe, Great Britain, and the United States, and a greater
need for accurate statistics was noted after the arrival of the worldwide cholera pandemics in the
mid-nineteenth century [63].

Contagion Versus Miasma

By the nineteenth century, epidemics of plague were gone from Europe, but other epidemic diseases
such as scarlet fever, typhoid, typhus, and measles continued in outbreaks. Malaria was present in
both Europe and the United States, and yellow fever was present in the south of the United States.
Great pandemics of cholera swept large parts of the world in dates approximating 1817–1823, 1826–
1837, 1846–1863, 1865–1875 [64], and later. The theory that epidemic disease was caused by
miasmas rising from decaying organic matter was a dominant belief in the middle of the nineteenth
century and a strong impetus behind the reforms of the sanitarians [6, 9]. Another major theory of
epidemic disease was the contagionist theory in which an animate organism caused disease and was
spread by person-to-person contact [65, 66]. Further credence to the contagionist theory was provided
by epidemiological studies of measles, cholera, diphtheria, and typhoid fever.

A measles epidemic affected the Faroe Islands in 1846, and a medical commission was sent by the
Danish government to investigate. The commission included two Danish physicians who had just
finished medical school, 26-year-old Peter Ludwig Panum (1820–1885) and 25-year-old August
Henrik Manicus (1821–1850). In what is considered a classic study in epidemiology [9], Panum
described the incubation period of measles and noted that transmission of measles was through
person-to-person contact [67]. He noted that measles attacked individuals of all ages, but those with a
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history of a previous attack of measles from a previous epidemic in 1781 were immune. Manicus
observed that mortality was highest in a village that had the greatest poverty and poor diet, and he
noted that diarrheal disease was mild among well-to-do islanders but was severe and persistent in the
poorer villages [68]. Both Panum and Manicus concluded that measles was contagious and not
miasmatic in origin.

Other studies that further may have changed perceptions about the contagiousness of disease were
an investigation of cholera in London by John Snow (1813–1858), an English physician and anes-
thetist [69], and investigations of cholera by William Budd (1811–1880), a physician in Bristol. Budd
thought that cholera was caused by a specific living organism that was found in the human intestinal
tract and was spread through contaminated drinking water [70]. During the cholera epidemic of 1854
in London, Snow demonstrated that the number of deaths from cholera was related to the amount of
pollution from the Thames River among the different private companies supplying drinking water.
Nearly, all the victims had used water from the Broad Street pump in Soho. Snow concluded that
cholera was carried in water contaminated by excreta of cholera patients, and that cholera was
transmitted by ingestion of contaminated water and food and not through miasmata. Snow persuaded
the local authorities to remove the handle from the Broad Street pump—presumably averting further
deaths—but the epidemic was already in decline.

The contamination of the Thames by sewage and industrial waste was acknowledged by a London
Commission in 1828 and became the subject of satire (Fig. 1.1). The Metropolis Water Act of 1852
required London water companies to draw their water supplies from cleaner nontidal reaches of the
Thames and to filter all water supplies for domestic use [71], and the cholera outbreak of 1854
occurred before all companies could comply with the 1852 act. The findings of Snow and Budd
regarding the contagious nature of cholera did not lead to a sudden revolution in water science as has
been generally believed [72, 73], but these studies gave additional weight to the contagion theory. In
the ensuing years, many international experts continued to hang on to the idea that miasmas were the
cause of cholera [74]. Other detailed investigations that reinforced the contagion theory of epidemic
disease were those of diphtheria by Pierre Fidèle Bretonneau (1778–1862), a physician in Tours,
France [75], and of typhoid fever by William Budd [76].

Fig. 1.1 A Monster soup commonly called Thames Water, by William Heath (1795–1840), circa 1828. Gift of
Mrs. William Horstmann to Philadelphia Museum of Art, Object Number 1955-103-4, public domain
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Advances in Microbiology

Further foundations for microbiological investigations were laid by Jacob Henle (1809–1885), a
pathologist in Zurich, who thought that conclusive proof for an organism being responsible for a
disease required three conditions: constant presence of the parasite, isolation from foreign admixtures,
and reproduction of the disease with the isolated parasite [77]. These postulates were further
developed by his student, Robert Koch (1843–1910) [78]. Louis Pasteur (1822–1895), a French
chemist and microbiologist, further elaborated the germ theory of disease through broad studies that
included the fermentation of beer and wine and diseases of silkworms. The last quarter of the
nineteenth century was characterized by a rapid period of microbiological investigations, during
which descriptions were made of the organisms responsible for anthrax [79], malaria [80], tuber-
culosis [81], and cholera [82]. Other organisms including streptococcus, staphylococcus, Escherichia
coli, leprosy, diphtheria, and Yersinia were described, and investigation was facilitated by the
development of new staining techniques and culture media [5, 65].

Strategies to control infectious diseases by the turn of the century included reporting of cases,
isolation of affected individuals, and disinfection of the premises. Compulsory notification of
infectious diseases was enacted in London, Berlin, and Paris within the last quarter of the nineteenth
century [83]. The ways in which diseases could be transmitted through contaminated water, ice, milk,
and uncooked food were outlined by William Sedgwick (1855–1921), a biologist [84]. In 1887, the
first systematic monitoring of the public water supply in the United States was conducted by
Sedgwick for the Massachusetts Board of Health, and his techniques for measurement and filtration of
bacteria in the water supply became a standard for the country. In his influential treatise, The Sources
of Modes of Infection [85], Charles V. Chapin (1856–1941), the Superintendent of Health in
Providence, Rhode Island, emphasized the role of the carrier and further clarified the idea that
diseases could be transmitted through lack of hygiene, by direct and indirect contact, by fomites,
through the air, in food and drink, and by insects.

Nutritional Science in the Nineteenth Century

Modern nutritional science has early roots in experimental physiology in France at the beginning of
the nineteenth century, when ideas surrounding nutrition were subjected to examination by animal
experimentation [86]. François Magendie (1783–1855), professor of anatomy at the Collège de
France, attempted to differentiate between various kinds of food and made a clear distinction between
nitrogenous and non-nitrogenous foods [87]. In an early experiment that hinted at the existence of
vitamin A, Magendie found that dogs fed only sugar and distilled water developed corneal ulcers and
died [88]. The importance of nitrogenous foods was further recognized by Gerrit Jan Mulder (1802–
1880), a Dutch physiological chemist, who coined the term “protein” to describe nitrogenous sub-
stances in plants and animal foods [89].

The German chemist, Justus von Liebig (1803–1873) considered food to be divided into “plastic”
foods (plant and animal proteins), and “respiratory” foods (carbohydrates and fat). Liebig’s main
doctrine was that protein was used to build up the organism or repair tissues, whereas carbohydrates
and fats served as fuels to facilitate the respiratory process [90]. The definition of food was further
refined by Carl von Voit (1831–1908), a physiologist in Munich: “The foodstuffs are those substances
which bring about the deposition of a substance essential to the composition of the body, or diminish
and avert the loss thereof” [91]. A former pupil of Voit’s, Wilbur Olin Atwater (1844–1907) con-
ducted investigations into the caloric value of food using a bomb calorimeter and derived food and
nutrient composition for an “average diet,” and the energy-yielding functions of food were

10 R.D. Semba



emphasized [92]. By the end of the nineteenth century, the prevailing notion was that food consisted
of proteins, carbohydrates, fats, salts, and water.

Improved nutrition was considered to strengthen resistance to disease, and Germain Sée (1818–
1896), a French physician, made dietary recommendations for individuals with specific diseases [93].
The influence of Liebig and Voit could be seen in some approaches; sufficient nourishment was
thought to prevent “tissue waste” during a fever. Milk was given paramount importance as a dietary
component [94]. Modern knowledge of nutrition was used to recommend diets for institutions such as
schools, hospitals, prisons, and asylums. Special diets high in milk, whey, and egg yolk were
recommended for certain diseases [95]. In the early twentieth century, influential textbooks in
nutrition put heavy emphasis on the caloric value of food for human health [96, 97].

Infant Mortality and Social Reform

In the late eighteenth century, infant mortality became the target of social reform in France, England,
and the United States [98, 99]. A major cause of infant mortality was diarrheal disease, which often
occurred in epidemic proportions during the summer in cities of England, Europe, and the United
States. Using data from Paris (Fig. 1.2) and Finsbury, a poor area of Bedfordshire where he worked as
medical officer of health, George Newman (1870–1948) argued that breastfed infants suffered less
from summer diarrhea than infants who were fed artificial formula or cow’s milk [100]. The high
infant mortality rate was considered to be mainly a problem of motherhood, and he emphasized
proper training of mothers and promotion of breastfeeding. Newman argued that the infant mortality
rate was gauge of health of a community, not the general death rate, and he considered it a sign of
social degeneration that Great Britain should have a falling overall death rate but little change in the
infant mortality rate over the preceding 50 years. Arthur Newsholme (1857–1943), Newman, and
others [101] implicated fecal contamination of food and milk in the epidemics of summer diarrhea
[102].

Similar concerns over infant mortality were voiced in Europe and the United States and led to the
formation of national and international organizations devoted to the study and prevention of infant
mortality, including the Ligue Française contre Mortalité Infantile (1902), the German Union for the
Protection of Infants (1908), and the American Association for the Study and Prevention of Infant
Mortality (1910). Among the measures sought by these groups were the education of mothers, the
promotion of breastfeeding, improved prenatal care, and widespread gathering and compilation of
vital statistics [98, 99]. Testing of the milk supply in large cities had revealed high bacterial counts in
milk, and reform was aimed at providing a more pure milk supply through pasteurization [98].

The Emergence of the Vitamins

The late nineteenth and early twentieth century was marked by the emergence of the vitamin theory
and the characterization of the vitamins. Although descriptions of scurvy, beriberi, night blindness
and keratomalacia, and rickets—manifestations of vitamin C, thiamin, vitamin A, and vitamin D
deficiencies, respectively—and their empirical treatments are known in the older medical literature, it
was not until the last quarter of the nineteenth century that major progress commenced in the
characterization of vitamins and vitamin deficiency diseases.

In the nineteenth century, beriberi was widespread in eastern and southeast Asia, and it was
especially a problem for sailors on long voyages. In 1882, a Japanese naval vessel, Riujo, sailed from

1 Nutrition and Development: A Historical Perspective 11



Japan to Honolulu via New Zealand and Chile, and after 272 days of navigation, 60% of the ship’s
276 crew members developed beriberi and 25 died [103]. A Japanese naval surgeon, Kanehiro Takaki
(1849–1920) (Fig. 1.3), conducted epidemiological investigations of beriberi on different warships
and examined clothing, living quarters, weather records, and rank. Takaki concluded that beriberi was
related to the quality of food, particularly an insufficient intake of nitrogenous foods. In 1884, he
persuaded the Japanese government to provide additional meat and dry milk on a training ship,
Tsukuba, which sailed the same route of the ill-fated Riujo. When the Tsukuba arrived in Japan
287 days later, there were a handful of cases of beriberi and no deaths. After Takaki’s dietary reforms
were introduced, the cases of beriberi plummeted sharply in the Japanese navy [104, 105].

In 1886, Christiaan Eijkman (1858–1930), a Dutch army physician, was sent to the Dutch East
Indies to investigate beriberi, which was generally thought at that time to be due to an unidentified
bacterial infection. Eijkman demonstrated that chickens raised on polished rice alone developed a
paralytic disorder similar to human beriberi and that this disorder could be corrected by a diet of
unpolished rice. The bran portion of rice contained a substance which could prevent beriberi, and
Eijkman originally thought that the polished rice contained a toxin that was neutralized by a substance
in the bran portion [106]. His colleague, Gerrit Grijns (1865–1944), believed that the diseases
affecting chickens and human beriberi were both due to an absence in the diet of a factor present in
the rice polishings [107].

Fig. 1.2 Epidemics of diarrheal disease in Paris described by Newman in 1906. Adapted from [100]
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From the time of the early experiments of Magendie, the contributions of several investigators over
many decades helped to characterize vitamin A [108, 109]. Nicholai Ivanovich Lunin (1853–1937)
(Fig. 1.4), working in the laboratory of Gustav von Bunge (1844–1920) at the University of Dorpat,
determined that mice cannot survive on purified diet of fats, carbohydrates, proteins, and salts alone;
however, he noted that mice could survive when milk was added. Lunin concluded “other substances
indispensable for nutrition must be present in milk besides casein, fat, lactose, and salts” [110].
Lunin’s conclusion was disseminated widely in von Bunge’s Lehrbuch der physiologischen und
pathologischen Chemie [111]. Another student performed experiments with simplified diets in mice
and found that there was an unknown substance in egg yolk that was essential for life [112]. At the
University of Utrecht, Cornelius Pekelharing (1848–1922) conducted experiments that showed that
mice are able to survive on diets in which small quantities of milk are added [113], and Wilhelm
Stepp (1882–1964) showed that if the milk supplied to mice was extracted with alcohol ether (thus
removing the fat-soluble substance later known as vitamin A), the mice could not survive [114].

The most explicit statement of the theory regarding the existence of vitamins came in 1906, when
Frederick Gowland Hopkins (1861–1947), a biochemist at Cambridge University, who—on the basis
of his own unpublished experiments and other observations—expressed the belief that there were
“unsuspected dietetic factors” besides proteins, carbohydrates, fats, and minerals that were vital for

Fig. 1.3 Vessels involved in Navy research on beriberi by Kanehiro Takaki in the late nineteenth century
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health [115]. In 1911, Casimir Funk (1884–1967) thought he had isolated the dietary factor involved
in beriberi and coined the name “vitamine” for it [116]. Further exposition of the vitamin theory came
in 1912, when Funk presented the idea that beriberi, scurvy, and pellagra were all nutritional defi-
ciency diseases [117]. Later in 1929, Eijkman and Hopkins jointly received the Nobel Prize for their
early pioneering scientific research on vitamins [118].

In the United States, Thomas Osborne (1859–1929) and Lafayette Mendel (1872–1935), working
at Yale University, showed that a fat-soluble substance in butterfat was needed to support the growth
of rats [119, 120]. After a period of illness, Hopkins published work he undertook in 1906–1907,
which showed that mice could not survive on a purified diet without milk. Hopkins postulated the
existence of what he called “accessory factors” in foods that were necessary for life [121]. In studies
with eggs and butter, Elmer McCollum (1879–1967), a biochemist at the University of Wisconsin,
noted that their data “supports the belief that there are certain accessory articles in certain food-stuffs
which are essential for normal growth for extended periods” [122]. The “accessory factor” was later
named “fat-soluble A” by McCollum, but it actually contained both vitamins A and D, leading to
initial belief that “fat-soluble A” was responsible for rickets [123, 124]. In 1922, it was shown that
cod liver oil contained both vitamin A, an anti-xerophthalmic factor, and vitamin D, an anti-rachitic
factor [125]. Soon the term “fat-soluble A” was combined with Funk’s designation to become
“vitamine A” and later “vitamin A.” The molecular structure of vitamin A was deduced in 1931 [126,
127], and vitamin A was eventually crystallized in 1937 [128].

Fig. 1.4 Nicholai Ivanovich Lunin (1853–1937)
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Further Research on Nutritional Deficiency Diseases

Pellagra, a syndrome characterized by dermatitis, diarrhea, dementia, and death, was described in
Europe as early as the eighteenth century, and it was often ascribed to spoilt maize [129]. With the
rise of the germ theory of disease, it was thought that pellagra might also be attributable to an
infection [130]. In the early part of the twentieth century, pellagra was increasingly recognized in the
United States, especially in the South [131], and by 1916, it was second among the causes of death in
South Carolina. Outbreaks of pellagra seemed to occur more commonly in asylums, jails, and
poorhouses [132]. The Pellagra Commission of the State of Illinois conducted investigations in 1911
and concluded that pellagra was attributable to an infection [133], and another investigation in South
Carolina implicated poor sanitation [134]. In 1914, Joseph Goldberger (1874–1929), a physician in
the U.S. Public Health Service [135], conducted investigations of pellagra in South Carolina and
showed that pellagra could be prevented by supplying milk, butter, and lean meat in the diet [136].
Careful study showed that household ownership of a cow was protective against pellagra. Further
investigations among prison volunteers revealed that pellagra could be produced by a restricted,
mainly cereal diet [137]. In later animal studies, niacin was implicated as the deficient dietary factor
involved in the etiology of pellagra [129].

The Rise and Fall of Protein Malnutrition

After World War II, the main focus in nutrition shifted away from vitamins toward dietary protein
[12]. The syndrome of kwashiorkor—edema, wasting, diarrhea, and peeling of the skin—was
described by Cicely Williams (1893–1992), an English physician, among children in the Gold Coast
of West Africa [138]. High mortality was noted among these children, and those affected appeared to
be mostly one to four years old, weaned early, and fed entirely on white corn gruel. Williams noted
that children recovered when given milk and cod liver oil; thus she suspected kwashiorkor was caused
by an amino acid or protein deficiency. Subsequent surveys in Africa and Latin America showed that
kwashiorkor was relatively common [139]. Protein malnutrition was the main theme of child nutrition
conferences held by United Nations agencies from the 1950s through the mid-1970s. The United
Nations Protein Advisory Group was established in 1955 [140]. International efforts began to focus
upon closing the “protein gap” or addressing the “protein crisis” through high protein sources such as
fish, soybean, and peanuts [141]. In a 1974 editorial in The Lancet titled “The Great Protein Fiasco,”
Donald S. McLaren made a withering attack on the UN Protein Advisory Group and declared that the
“protein gap” was a fallacy [142]. The following year, John Waterlow, who led much of the effort to
study protein malnutrition, admitted that children needed more energy, not protein [143]. As a
consequence, the effort to address dietary protein was largely abandoned under the assumption that
children received adequate dietary protein [139]. The UN Protein Advisory Group was quietly
disbanded, and the protein conferences disappeared [139, 140]. The pendulum swung in the direction
of micronutrient malnutrition, which became the dominant paradigm for nutrition in developing
countries for four decades [139].

Nutritional Immunology

Nutritional immunology, the study of the relationship between nutrition and immunity, was a dis-
cipline that arose largely during the early twentieth century. Although it had been observed over the
centuries that famine would reduce an individual’s resistance to epidemic diseases, more specific

1 Nutrition and Development: A Historical Perspective 15



clues were provided with the advent of animal experimentation using controlled diets. The recog-
nition of specific vitamins and developments in immunology made it possible to study the effects of
single or multiple vitamin deficiencies upon immune function. By the end of the nineteenth century,
humoral antitoxic antibodies in the serum of immunized animals had been described, and this led to
the development of serological tests involved in the diagnosis of infectious disease and measurement
of immunological protection [144]. Experimental infections were soon conducted in animals on
controlled diets, and serological tests allowed assessment of the effect of dietary deprivation on
immunity to infection. By the mid-1930s, animal studies suggested that deficiencies of some of the
vitamins reduced resistance to infection [145–147].

Vitamin A and Reduction of Child Mortality

Two Danish physicians, the pediatrician Carl Bloch (1872–1952) and the ophthalmologist Olaf
Blegvad (1888–1961), dealt with a large number of children with clinical vitamin A deficiency in
Denmark in the period 1910–1920. They noted that children with vitamin A deficiency had greatly
increased mortality and that mortality among them could be reduced by providing the children with
vitamin A-rich foods such as cod liver oil, whole milk, cream, and butter [148–151].

In the late 1920s, vitamin A was recognized to have an effect on immunity to infection, and
vitamin A became known as the “anti-infective” vitamin [152]. Largely through the influence of
Edward Mellanby (1884–1955), a professor of physiology at Sheffield University (Fig. 1.5), vitamin
A underwent a period of intense clinical investigation. Between 1920 and 1940, at least 30 trials were
conducted to determine whether vitamin A could reduce the morbidity and mortality from infectious
diseases, including respiratory disease, measles, puerperal sepsis, and tuberculosis [153]. These trials
were conducted prior to the time when many of the innovations known to the modern controlled
clinical trial, such as randomization, sample size and power calculations, and placebo controls were
widely known.

By the 1930s, it was firmly established that vitamin A supplementation could reduce morbidity and
mortality in young children. In 1932, Joseph Ellison (b. 1898), a physician in London, showed that
vitamin supplementation reduced the mortality of vitamin A-deficient children with measles [154].
During the 1931–1932 measles epidemic in London, Ellison assigned 600 children with measles at
the Grove Fever Hospital to one of two groups of 300 each. One group received vitamin A and the
other group did not receive vitamin A. Overall mortality rates in the vitamin A and control groups
were 3.7 and 8.7%, respectively, representing a 58% reduction in mortality with vitamin A treatment.
Ellison’s study, published in the British Medical Journal in 1932, was the first trial to show that
vitamin A supplementation reduces mortality in young children with vitamin A deficiency [155].

Vitamin A became a mainstream preventive measure: cod liver oil was part of the morning routine
for millions of children—a practice promoted by physicians and popularized by the pharmaceutical
industry [155]. The production and importation of cod liver oil in the U.S. totaled 4,909,622 lb in
1929 [156]. In the early 1930s in England, the annual consumption of cod liver oil was 500,000
gallons per year [157]. Much of the world’s supply of cod liver oil, and hence, vitamins A and D,
came from the commercial fisheries of New England, Norway, and Newfoundland. As noted in the
British Medical Journal, “cod-liver oil was in use in almost every working-class household, and local
authorities spent considerable sums in purchasing bulk supplies for hospitals and sanitoriums” [158].
In England, a proposal to tax cod liver oil in the Ottawa Agreements Bill in the House of Commons in
1932 raised protests, as there was concern that child mortality would increase if the price of cod liver
oil increased and it became less accessible to poor people. As reported in both The Lancet and the
British Medical Journal, one legislator who supported an amendment to exempt cod liver oil from the
proposed taxation noted that many a child in the north of England “owed its life to being able to

16 R.D. Semba



obtain cod-liver oil” [157, 159]. Two British physicians also supported the amendment in letters
published in The Lancet [157]. One expert from the Lister Institute of Preventive Medicine noted “It
is evident that any steps which may raise the price and lower the consumption of cod-liver oil,
especially in the winter, would have deleterious effect upon the health of the population, involving
particularly the well-being of the children of the poorer classes” [157]. The concerns of physicians
and legislators alike that children receive sufficient vitamin A to protect against the well-known
morbidity and mortality of vitamin A deficiency were clearly expressed. The discovery of the sulfa
antibiotics and their clinical applications soon overshadowed investigations of vitamin A as
“anti-infective” therapy, and there was about a 50-year lull in clinical investigation of vitamin A as an
intervention to reduce morbidity and mortality until the late 1980s [160].

In 1950, a joint expert committee on nutrition of the Food and Agricultural Organization
(FAO) and the World Health Organization (WHO) recommended that studies be made on the rela-
tionship of nutritional status to resistance against intestinal parasites. Further observations made in the
ensuing decade suggested that many infectious diseases were associated with malnutrition. A WHO
Expert Committee on Nutrition and Infection reviewed the issue of the interaction between nutrition
and infection in 1965, and a comprehensive monograph, Interactions of Nutrition and Infection, by
Nevin Scrimshaw, Carl Taylor, and John Gordon appeared in 1968 [161]. The effect of nutritional
status on resistance to diarrheal and respiratory disease, viral, parasitic, and other infections was
reviewed, and the present state of knowledge regarding the effects of specific micronutrient defi-
ciencies on immune function was presented. The authors concluded

Fig. 1.5 Dr. Edward Mellanby (1884–1955)
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Infections are likely to have more serious consequences among persons with clinical or subclinical malnutrition,
and infectious diseases have the capacity to turn borderline nutritional deficiencies into severe malnutrition. In
this way, malnutrition and infection can be mutually aggravating and produce more serious consequences for the
patient than would be expected from a summation of the independent effects of the two.

This seminal work served as the foundation for research on nutritional immunology, especially for
vitamin A and for zinc research, in the last three decades of the twentieth century. An important
detailed review of the effects of single nutrients on immunity was made by William Beisel in 1982
[162]. Tremendous advances in nutritional immunology have been made in the last 20 years, and
many of these recent findings regarding the relationship between micronutrients and immunity to
infection are presented elsewhere in this book.

Growth in Food Production

In England, growth in food production from 1750 to 1880 was not seen not so much as owing to
technological innovation as to increasing soil fertility and crop yield through manuring and sowing of
legumes [163]. Improved reaping machines appeared in the early nineteenth century, and cast iron
replaced wrought iron and wood in many agricultural implements. Introduction of new fodder crops
for winter feeding enabled better animal husbandry. In France, railway construction was considered to
be a vital factor improving the agricultural economy in the mid-nineteenth century, and animal
breeding, crop rotation, and mechanization contributed to improve agricultural practice [164]. In
England, the better road transport increased the market for the dairy producer. Advances in the
process by which ammonia could be produced from atmospheric nitrogen allowed more widespread
use of fertilizers in the early twentieth century [165]. Increased mechanization with tractors, combined
harvesters, automatic hay balers, and seed and fertilizer drills has been noted between 1910 and 1950
in England, and advances in plant breeding brought new cereal and clover varieties [165]. In the
United States, technological advances in the plow, reaper, binder, and thresher aided the development
of mechanized farming in the nineteenth century. Industrialized agriculture expanded in the beginning
of the twentieth century with the development of gasoline-powered tractors.

Long-Term Trends in Diet

Available evidence suggests that the majority of the world’s population before 1800 consumed a diet
that is below contemporary minimum standards of optimal nutrition [166]. In France, the caloric
intake of the average diet increased steadily during the nineteenth century, but the basic composition
of the diet did not appear to change much until after about 1880 [167]. Inspired by the French
voluntary Caisses des Écoles, which fed hungry school children, charities were founded to feed
children in England. The Victorian working-class diet was especially poor in quality and quantity
[168]. Near the end of the nineteenth century, over 1 in 10 children attending London schools were
estimated to be habitually going hungry [169]. Alarm was raised over the problem of inadequate
nutrition when the report of the Inter-Departmental Committee on Physical Deterioration was pub-
lished in 1904 [170]. The committee showed that 40–60% of young men presenting for military
service at the time of the South African War were rejected on medical grounds, and much of this
physical inadequacy was attributed to malnutrition. This and other reports led to the Education
(Provision of Meals) Act of 1906, which mandated national policy for feeding needy children at
school. The number of London children receiving meals was about 27,000 in 1907 and by 1909 that
number had doubled [171]. When the Report on the Present State of Knowledge concerning
Accessory Food Factors (Vitamines) appeared in 1919, it helped shape dietary recommendations
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based on newer knowledge of vitamins [172]. The value of milk was emphasized by the report, and a
study showed that those provided supplemental milk each day had better weight and height gain than
those who were not supplemented [173]. By 1945, about 40% of the school population was taking
school meals and 46% were drinking school milk [171].

An association between low socioeconomic level and inadequate diet was known in France [51]
and England [174]. In A Study of the Diet of the Labouring Classes in Edinburgh (1901), D. Noël
Paton and his colleagues showed that many workers did not have the income to obtain a sufficient
supply of food and lacked the education to make correct choices of food [175]. A discussion later
followed in the British Medical Journal [176]:

Who is responsible for the conditions which lead to the state of poverty and bad nutrition disclosed by this
report? Lies the fault with poor themselves—is it because they are thriftless, because they lack training in
cooking and in the economical spending of such income as they possess? Or is it that the actual wages which
they can command are so low that it is impossible for them to purchase the actual necessities of life?

Whether the problem lay with lack of education or inadequate income was unclear, and each side
had its adherents [177]. In 1936, John Boyd Orr (1880–1971) published Food Health and Income:
Report on a Survey of Diet in Relation to Income, and this report created a sensation in England and
was widely publicized around the world. This dietary survey suggested that the poorest of the poor,
about four and one half million people, consumed a diet deficient in all dietary constituents examined,
and that the next poorest, about nine million people, had a diet adequate in protein, fat, and carbo-
hydrates but deficient in all vitamins and minerals [178]. Only half the population surveyed had a diet
that was adequate in all dietary constituents, including all vitamins and minerals. Although the per
capita consumption of fruit, vegetables, and dairy products had greatly increased between 1909 and
1934 in Great Britain, there was clearly more that could be done to improve nutrition [178]. Analysis
of household budgets suggests that the average daily intakes of vitamin A, vitamin C, and thiamin
were mostly inadequate in 1900 but increased to largely sufficient intakes by 1944 among poor,
working-class, and middle-class families in Great Britain [174]. Long-term analysis of nutritional
status shows that height grew in the United Kingdom from the mid-nineteenth century through the
years following World War II [179].

In the United States, there have been large dietary changes over the last 200 years [17, 180]. In the
early nineteenth century, many individuals did not consume adequate amounts of fruits, vegetables,
and dairy products, and dietary deficiencies were not uncommon among rural and urban dwellers.
From about 1830 to 1870, the mean stature of Americans had a prolonged decline, and this may
possibly have been due to increased urbanization and poorer nutrition for urban workers during
industrialization [181, 182], and from the 1880s to the present, there has been a steady increase in
stature. The apparent per capita consumption of dairy products increased in the United States between
1909 and 1930 [183, 184]. The discovery of the vitamins led to a greater awareness of nutrition, and
the pharmaceutical and food industries promoted their products to mothers using a combination of
fear, hope, and guilt [185]. Fortification of baker’s bread with thiamin, riboflavin, niacin, iron, and
calcium became mandatory in 1943. When federal wartime legislation ended in 1946, many states
continued to require the enrichment of bread [180].

When George Newman, one of the primary architects of public health reform in Great Britain,
wrote to a colleague in 1939, he reminisced about the “silent revolution” in Great Britain:

[They]…who say I am an idealist and wild optimist do not know their history. How can one be otherwise who
knew England and English medicine in 1895 and know it now? It is the greatest silent revolution in our time.
The opportunity and the quality of human life have, as you truly say, been ‘transformed.’ They don’t know what
‘malnutrition’ means nowadays. Everybody is undernourished in some degree a way, but prevalent malnutrition
is rare, while it used to be common [186].

In The Building of a Nation’s Health in 1939, Newman identified adequate nutrition as being one
of the “most powerful instruments” of preventive medicine [187].
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The Decline of Mortality

In The Modern Rise of Population (1976), Thomas McKeown (1912–1988) showed that population
grew in Europe since the mid-eighteenth century, and he attributed the population growth largely to a
reduction in deaths from infectious diseases [1]. The decline of infectious disease mortality was
occurring prior to the identification of specific pathogens, the widespread use of immunizations, the
development of antibiotics, and the rise of sophisticated, technologically based clinical medicine
(Fig. 1.6). Improved nutrition, greater food supplies, purification of water, better sanitation, and
improved housing are among the main factors cited in the reduction of infectious disease morbidity
and mortality [2]. A close interrelationship between nutrition, infection, and hygiene was acknowl-
edged [2, 3], and McKeown’s conclusions were primarily based upon observations of infectious
disease mortality rates from the late nineteenth century and later. These views have become orthodox
and influential in the debate regarding appropriate strategies for reducing mortality in low- and
middle-income countries (LMICs), and scientific findings of the last 20 years from LMICs largely
supports McKeown’s contention that nutritional status influences infectious disease morbidity and
mortality.

Others have disputed some of McKeown’s conclusions, citing evidence that population growth
from the sixteenth century may have been primarily owing to an increase in fertility rather than
decline in mortality [188], or that the relationship between nutrition and infection is “controversial”
[189]. There is little question that there has been a general decline in mortality in Europe since the
middle of the seventeenth century, but given the close relationship between socioeconomic level,
education, housing, food, clean water, sanitation, and hygiene, it has been difficult to separate out
specific causal factors [190–192]. During the same period there has been a probable reduction in
exposure to pathogenic organisms through changes in man’s environment [4], and over the last
200 years, there has been a near disappearance of deficiency diseases that were once commonly

Fig. 1.6 Case fatality rates for measles, 1850–1970. From [1]. Reprinted with permission from Elsevier
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reported in Europe, such as goiter, pellagra, rickets, and xerophthalmia [129, 150, 193]. These
deficiency diseases cause significant morbidity and mortality but have been relatively neglected in
historical demography.

Graduate Education in Public Health

The early sanitary reform efforts in the nineteenth century were dominated by nonmedical personnel
in the United States and Europe, as it was often seen as the responsibility of engineers, biologists, and
chemists. The appointment of John Simon (1816–1904), a surgeon, to the head of the Medical
Department of the Privy Council in 1854 was a visible sign of change where the public health system
was dominated by the medical profession [194]. New public health legislation created a need for
qualified medical practitioners to serve as officers of health, and programs offering a diploma in public
health appeared in Dublin, Edinburgh, and Cambridge. In Vienna, the subjects of “Medical Police”
and “Forensic Medicine” were combined under the designation of “State Medicine” at the Vienna
Medical School [195]. At first, “Medical Police” was taught largely with emphasis on knowledge of
ordinances and sanitary regulations in Austria, which were influenced by Frank’s Medicinische
Polizey, but emphasis slowly changed to scientific investigation and sanitation after cholera and
typhoid epidemics struck Vienna.

Courses in public health were taught in some universities in the United States at the turn of the
century, but schools of hygiene and public health were not created as a separate entity until the early
twentieth century. In 1916, the School of Hygiene and Public Health was established at the Johns
Hopkins University with William H. Welch as its director [196] and the School of Public Health
opened at Harvard University in 1922 [197]. With endowment of the Rockefeller Foundation, the
London School of Hygiene and Tropical Medicine opened in 1929. By 1925, the teaching of hygiene
varied enormously, with institutes of hygiene established among medical faculty in Germany and
Sweden, hygiene taught through bacteriology in France, and new schools of public health at Johns
Hopkins, Harvard, and Pennsylvania in the United States [198]. The number of universities with
schools or programs of public health continued to grow in the United States, Great Britain, and
Europe [199].

International Organizations

Among the larger institutions involved in scientific research related to public health were the Institut
Pasteur, the Lister Institute, the Rockefeller Institute, and the National Institutes of Health. The
success of Pasteur in microbiological investigations and rabies immunization led to the establishment
of the Institut Pasteur in Paris in 1888. The institute was a model for bacteriological research, and
within a few years, other Pasteur Institutes were established in more than 40 places around the world.
These institutes scattered around the globe were loosely knit and linked by ideology [200]. The
Institut Pasteur made major contributions to preventive medicine with new vaccines and therapies for
infectious diseases [201]. In 1891, the Lister Institute was established in London, and research on
vitamins was a major part of the research program, with notable emphasis upon rickets [202].

The Rockefeller Foundation established an International Health Commission in 1913, and the
commission grew out of early efforts of the Rockefeller Sanitary Commission to eradicate hookworm
in the southern United States [203]. The International Health Division, or Health Commission, of the
Rockefeller Foundation, expanded efforts to eradicate hookworm overseas, and during the 1920s the
focus expanded to malaria, yellow fever, and tuberculosis [204, 205]. The Rockefeller Foundation
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helped to transform medical education in the United States and tended to emphasize a technological
approach to medicine [206].

The National Institutes of Health had its early roots in public health with the establishment of the
Hygienic Laboratory of the Marine Hospital Service in 1887 [207]. The laboratory was responsible
for bacteriological work, including diagnosis of infectious diseases among immigrants. The scope of
the laboratory increased with Progressive Era regulations such as the Biologics Control Act of 1902
and the Pure Food and Drugs Act of 1906. In 1912, the service became known as the U.S. Public
Health Service, and among its activities were investigations of pellagra by Joseph Goldberger. The
National Institute of Health was formally established by the U.S. Congress in 1930, and by 1948 it
consisted of several institutes to become the National Institutes of Health (NIH) [208]. Although the
NIH had its roots in hygiene and public health, a shift occurred with the creation of the
Communicable Disease Center (CDC) in Atlanta, Georgia in 1946. The CDC soon dealt with epi-
demics and other public health crises such as influenza outbreaks, polio surveillance, and measles
eradication.

International health organizations grew out of efforts to coordinate quarantines and control
international epidemics such as cholera and plague. In 1907 the Office International d’Hygiène
Publique (International Office of Public Health) was established in Rome, and the purpose of the
organization was to collect and disseminate epidemiological information about smallpox, plague,
cholera, and other diseases. The Health Organization of the League of Nations was created in 1923,
and its activities included promotion of health, international standardization of biological tests and
products, and control of disease. In 1948, the World Health Organisation (WHO) was created after
international ratification, and it assumed the activities of the Health Organization of the League of
Nations and other offices. The Pan American Sanitary Bureau became the regional office of the WHO
for Latin America in 1949, and in 1958 it changed its name to the Pan American Health Organization
(PAHO). Treatment campaigns against yaws, smallpox eradication, oral rehydration therapy, and
childhood immunizations were among the many achievements of the WHO since its inception.

The United Nations International Children’s Emergency Fund (UNICEF) was created in 1946 by
resolution of the United Nations General Assembly, and the purpose of UNICEF was to protect the
well- being of children around the world. Early activities of UNICEF included shipments of pow-
dered milk for children in Europe, vaccination efforts, support for vector control, and provision of
equipment for maternal and child health centers [209]. Most of UNICEF’s assistance in Africa in the
1950s went toward malaria eradication.

The Food and Agricultural Organization (FAO) was founded in 1945 in Quebec, Canada, with the
purpose of raising the levels of nutrition and standards of living, securing improvements in the
production and distribution of food and agricultural products, and improving the condition of rural
populations [210]. The first director general of FAO was John Boyd Orr, who brought attention to the
relationship between income and diet in England in the 1930s. The FAO, based in Rome, provides
assistance for sustainable agriculture, promotes transfer of skills and technology in field projects,
offers advice on agricultural policy and planning, and fosters international cooperation on nutrition,
biodiversity, and agricultural commodities.

The World Bank originated with reconstruction efforts after World War II, when delegates from 44
nations met in Bretton Woods, New Hampshire, and drew up articles of agreement for the
International Bank for Reconstruction and Development in 1944 [211, 212]. The mission of the
World Bank shifted from reconstruction to development, especially for economically developing
countries. World Bank loans to poor countries in Africa and Asia increased under the tenure of the
World Bank’s fifth president, Robert McNamara. McNamara was aware of Alan Berg’s work on
nutrition and health at the Brookings Institution, which later appeared in The Nutrition Factor [212,
213], and a nutrition unit was created at the World Bank in 1972. The role of the Bank was to
encourage development-oriented work rather than mass food distribution in developing countries, and
such projects included identification of populations at high risk for malnutrition, developing food
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subsidy programs, integrating nutrition assistance with primary care and family planning, nutrition
education, promotion of home gardening, improving water and sanitation, and delivering micronu-
trient supplements [214].

Conclusions

Over the last 200 years in most of Europe and the United States, there has been a major reduction in
mortality rates, a virtual elimination of many infectious diseases, an improvement in diet, and virtual
disappearance of nearly all nutritional deficiency disorders. Many of the so-called “tropical” diseases
such as malaria, yellow fever, and cholera were once endemic or epidemic in industrialized countries
and have now disappeared (Table 1.1). Case fatality rates for many infectious diseases dropped
tremendously during the late nineteenth century and early twentieth century. New knowledge of
nutrition and the characterization of vitamins helped to improve the diet in the early twentieth century,
and innovations in agricultural practices helped to increase food production. After World War II,
international organizations grew in strength and are addressing basic issues of nutrition, hygiene, and
control of infectious diseases in LMICs. Nutrition has played a major role among the developments in
public health during the last 200 years and is likely to remain as a major foundation for public health.

Discussion Points

• How did the idea originate regarding progress in public health?
• What are the roots of statistics that are commonly used in public health today?
• How did the idea of contagion replace that of miasmas?
• Who were the major proponents of the social reform movement related to infant mortality?
• When was vitamin A first known to reduce morbidity and mortality of children?
• What were the major changes in diet in industrialized countries in the last 200 years?
• What is main idea of Thomas McKeown in regard to mortality decline in Europe?
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Chapter 2
Economics of Nutritional Interventions

Susan Horton

Keywords Cost-effectiveness � Benefit:cost � Micronutrients � Stunting � Cost � DALYs
(disability-adjusted life years)

Learning Objectives

• Identify the economic consequences of undernutrition
• Describe the costs of nutritional interventions
• Prioritize nutritional interventions in terms of cost-effectiveness, and benefit–cost
• Analyze the growing economic burden associated with obesity in low- and middle-income

countries
• Develop insights regarding health policy in low- and middle-income countries.

Introduction

Nutrition is a basic need and a key input as well as a desired outcome of economic development. The
most important reason for investing in nutrition is to allow individuals to survive and thrive and reach
their full potential. Quantifying the economic benefits of nutrition interventions can be a powerful
way to advocate for increased resources for nutrition. Economic analysis can also help to decide how
best to allocate investments to improve nutrition among competing programs, and how to use public
funding most effectively.

Undernutrition is associated with 3.1 million child deaths each year (45% of all child deaths in
2011 [1]). This includes deaths associated with stunting, wasting, suboptimal breastfeeding, fetal
growth restriction, and deficiencies of micronutrients including vitamin A and zinc. Estimates of
economic losses associated with individual micronutrients can be as large as 1–2% of GDP (Gross
Domestic Product, a measure of national income). More recently, studies have attempted to estimate
the losses associated with stunting, and these losses can be as large as 8–10% of GDP (see The Costs
of Undernutrition section). Stunting is to a large extent a consequence of diets which are chronically
inadequate in quantity and quality, and is a good indicator of overall nutritional status. Recent work
suggests that breastfeeding has benefits on IQ and income later in life, which is separate from
measured nutritional status.
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There is a whole range of interventions which aim to improve nutritional status. Programs pro-
viding a substantial part of the diet tend to be more expensive and difficult to sustain financially, and
as such are restricted to vulnerable groups (school feeding programs, food distribution to refugees,
and feeding programs during short-term crises for example). There are many low-cost interventions
designed to improve nutrition, such as micronutrient interventions and behavior change interventions
(breastfeeding promotion being a particularly key behavior change) (see The Costs of Interventions to
Reduce Undernutrition section).

It is not enough for a program to be inexpensive: it also needs to be cost-effective (see
Cost-Effectiveness and Benefit–Cost of Interventions to Reduce Undernutrition section).
Micronutrient interventions have been ranked as either the top or second to top development priority
according to three Copenhagen Consensus exercises [2]. Over the last decade, knowledge of how to
successfully rehabilitate children suffering from severe-acute malnutrition (SAM) at the community
level has advanced considerably. Community care for SAM is not inexpensive, but is very
cost-effective.

Benefit:cost analysis can be applied to those nutrition interventions whose main outcome is not to
avert deaths, but to improve cognition, which in turn is associated with increased educational
attainment. Better education and higher cognitive scores are associated with higher wages, which
economists take as a measure of higher productivity. The benefit:cost ratios for selected micronutrient
interventions range from 6:1 to 40:1; and the benefit:cost from interventions to reduce stunting are
estimated at 8:1. These are all very favorable ratios, and suggest nutrition interventions are a good
investment.

Although undernutrition has been until now the primary concern in low and middle-income
countries (LMICs), overweight and obesity is of growing concern also in poor countries. Indeed, there
may be interactions, in that adults who were in utero or early childhood facing diets of scarcity, are
more susceptible to cardiovascular disease and diabetes if faced with diets of abundance later in life
(see Chap. 32). Economic studies of the costs of overweight and obesity in LMICs are growing,
although fewer in number than such studies for high income countries. The literature on the effec-
tiveness of interventions to reduce overweight and obesity in LMICs is still modest, and the literature
on costs and cost-effectiveness of such interventions is more modest still. This is one priority area for
future research (see Future Research section). Another priority research area is “implementation
science” which is important for nutrition as well as for health to provide guidance on scaling up
effective programs. Using economic methods can also be valuable here as described in the following
sections.

The Costs of Undernutrition

Undernutrition has a variety of consequences, depending on its severity, and on the particular nutrient
(s) which is/are deficient. Economic studies have focused on the costs of at least half-a-dozen
nutritional deficiencies, including vitamin A, iron, iodine, folic acid, zinc, and chronic undernutrition
as indicated by stunting. Table 2.1 lists some of the functional consequences of deficiencies of these
five micronutrients, as well as those associated with stunting, focusing on effects in early life (in-
cluding effects during pregnancy). While undernutrition in the elderly is also an important topic, it is
not covered here. The table also lists consequences of suboptimal breastfeeding. Breastfeeding has
impacts on mortality and cognition which are independent of the effects of stunting. According to a
review by Horta and Victora [3] there are plausible biological mechanisms for this effect due to the
presence of long-chain unsaturated fatty acids in breastmilk, not present to the same degree in
breastmilk substitutes, which are associated with cortical development.
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The evidence for micronutrients is from several systematic reviews [4–12] of randomized con-
trolled trials (RCT) involving supplementation, all recently cited by Bhutta et al. in the Lancet series
[17]. For stunting the evidence cited is from the only major longitudinal follow-up from an RCT in
childhood where children in the intervention group received supplements containing both micronu-
trients and protein/calories [13]. There are also supporting studies including numerous cross-sectional
economic studies examining the effect of height on earnings. One study summarized eight studies for
industrialized countries [18] and another eight studies for LMICs [19]; they conclude that the median
increase in male wages per additional centimeter of height is 0.4% in industrialized countries, and 4%
in LMICs. There are studies of natural experiments following droughts, for example, a study
examining the effect on height and educational attainment in Zimbabwe [20], as well as studies
following famines. A recent literature uses econometric methods to examine the interrelationships
among height, cognitive attainment, schooling and earnings, for example a study of Mexico [21],
which also contains references to other countries. Together, these studies also support the impact of
stunting on cognition, educational attainment, and earnings. For breastfeeding, the evidence comes
from systematic reviews of a mix of studies including prospective cohort and case-control studies.

There are two different techniques for incorporating an economic perspective on health and the
functional impairments associated with ill health. The first approach is to use cost-effectiveness
analysis, and the second is to use cost-benefit analysis (see Drummond et al. [22] for a standard
reference which describes these methods in detail). In both approaches, a common outcome measure
is used for various health interventions.

For cost-effectiveness analysis the common outcome is a health measure, such as deaths averted,
life years saved (LYS), Quality-Adjusted Life Years (QALYs) saved, or Disability-Adjusted Life
Years (DALYs) averted. LYS are typically not discounted, whereas for QALYs, and the DALY
measure used here, life years saved in the future are discounted by the usual social discount rate of 3%
per annum. The significance of discounting is that it makes investments with benefits far in the future
(such as improved nutrition for children) less attractive. The higher the discount rate, the less
attractive the investment.

For cost–benefit analysis the common outcome is a monetary unit. One frequent benefit of a health
intervention is decreased treatment costs, both those incurred by the health sector as well as drug costs
incurred by the patient (these two are sometimes referred to as direct costs), and those nontreatment
costs borne by households (sometimes referred to as indirect costs) such as cost of caregiver’s time,
transportation costs to seek treatment, etc. Another benefit is associated with improved human capital.

Table 2.1 Summary of effects of selected nutritional deficiencies

Nutritional deficiency Selected functional consequences for which economic effects have been
estimated

Folic acid (in women
periconception)

Neural tube defects [4]
Lower mean birthweight [5]

Iodine Cognitive impairments for children, if mother was deficient in pregnancy [6]
Cognitive impairments in school-age children [7]

Iron Increased anemia
Cognitive impairments (significant in children � 8 year) [8]
Lower maximal physical work capacity (adults), lower endurance for physical
work [9]

Vitamin A Increased mortality (all-cause and diarrhea) in children [10]

Zinc Stunting; increased diarrhea; increased pneumonia [11, 12]

Multiple (stunting) Lower cognitive scores; Lower educational attainment;
Lower earnings in adulthood [13]; increased risk of obesity/diabetes/NCDs in
later life

Suboptimal breastfeeding Higher mortality [14, 15]; lower cognitive scores and education [16]

2 Economics of Nutritional Interventions 35



Better health affects cognitive development, educational attainment and work participation, and hence
economic productivity. Thus, the cost–benefit analysis compares the costs of providing an inter-
vention to prevent a certain condition to the benefit in terms of higher earnings and other ‘income
benefits’ resulting from the intervention, as well as future healthcare cost savings.

Some authors attach a monetary value to health outcomes (i.e., deaths and morbidity/disability), in
order to combine health and economic costs into a single metric. There are a variety of techniques for
doing this, such as using the Value of a Statistical Life or using a human capital approach, e.g.,
evaluating life by summing up future lost productivity [22]. These calculations involve many
assumptions and ethical issues, such that many authors prefer to measure benefits such as mortality
reductions separately from economic benefits, and to use cost-effectiveness rather than cost–benefit
when examining interventions whose main benefit is saving lives.

When applying cost-effectiveness and cost–benefit methods to micronutrient deficiencies, there is
a difficulty of comparing the costs of those deficiencies (vitamin A and zinc, for example) where the
outcomes are primarily mortality and morbidity, with those deficiencies (iron and iodine, for
example) where cognitive losses and hence economic productivity losses are more significant. Hence
we may not be able to readily compare the economic gains associated with improved vitamin A and
zinc status, with those of improved iron and iodine status. Similarly, improvements in folate status
and reduced stunting have various outcomes both in terms of reduced morbidity/mortality as well as
in terms of productivity and reduced treatment costs.

In Table 2.2 we summarize some estimates for costs associated with undernutrition, both in terms
of health and economic costs. Later in this chapter we combine these with costs of nutrition inter-
ventions (The Costs of Interventions to Reduce Undernutrition section) to present cost-effectiveness
and benefit:cost estimates for undernutrition (Cost-Effectiveness and Benefit–Cost of Interventions to
Reduce Undernutrition section).

The costs of undernutrition are significant, whether in terms of increased mortality (particularly for
vitamin A and zinc), lost cognition and productivity (iodine, iron), or a combination of effects (both
mortality/morbidity and large treatment costs for folic acid; both mortality and losses in cognition,
educational attainment, and productivity for stunting as well as suboptimal breastfeeding).

Costs measured in terms of losses at the individual level are useful, but not always easy to
interpret. Various studies have been done to estimate the losses associated with certain nutritional
deficiencies, at the level of a country (Table 2.3). These are obtained from models which rely on
coefficients from individual-level studies such as those in Table 2.2.

The losses associated with individual micronutrient deficiencies are up to a couple of percent of
GDP in the most severely affected countries. As presented in the next section, the losses are large in
relation to the cost of interventions which can successfully reduce these deficiencies.

One problem with the estimates of losses attributable to individual micronutrients is that it is not
easy to add up these losses in cases where there are multiple micronutrient deficiencies. For example,
countries where iodine deficiency is a public health problem often have other micronutrient defi-
ciencies as well. We would also expect interaction among the outcomes of micronutrient interven-
tions, both in their uptake and in their impact. Some micronutrients interact in a positive way in
uptake, for example, improved intake of vitamin C enhances the bioavailability of iron. Some interact
in a negative way, for example, depending on amounts provided, supplementation with iron can
impede uptake of zinc and vice versa, and similarly iron and calcium interact.

Micronutrients are also likely to interact in their impact on health and on productivity. For
example, the effect on mortality or productivity for iron is likely to differ according to whether the
individual is deficient or replete in other micronutrients. Effects may also vary according to other
differences in the environment. For example, the impact of vitamin A supplementation on mortality
also depends on the causes of child mortality and other measures to prevent these, such as
immunization.
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More recently, several studies have used a broader indicator of nutritional status to model the loss
of GDP. The first such studies in Latin America [28, 29] used underweight (weight-for-age) as the
measure, which is not ideal, since stunted obese individuals are not classified as underweight. In Latin
America considerable progress has been made against undernutrition so in some countries the losses
were as low as 1.7% of GDP, while in others as great as 11.4%. A study for sub-Saharan Africa [30],
using a similar methodology (but conflating a mixture of indicators including underweight, stunting
and low birthweight) found somewhat greater losses than in Latin America, as Sub-Saharan African
countries in general have greater levels of undernutrition. Two other studies [19, 31] used stunting
alone (a cleaner indicator) and estimated the loss as 11.2% of GDP, with effects via education and
cognition underlying a large component of this. One of these studies [19] estimated that between a
quarter and a third of the nutrition effect occurs indirectly (through cognition and education); and the
other estimated that 73% is due to productivity effects, 11% due to reduced mortality, with the
balance due to intergenerational benefits; taller mothers have taller children, but the full benefit of
nutritional improvements may take 3–4 generations to fully manifest themselves. This study is
conservative since it did not include the long-term effects of stunting on noncommunicable diseases.

Suboptimal breastfeeding imposes significant costs globally. Estimates for the US suggest that the
annual benefit for moving from current rates of 12.3% of exclusive breastfeeding at 6 months to 90%
would be a savings of US$13 bn and 911 fewer child deaths per annum [32]. For the UK a modest

Table 2.2 Examples of health and economic costs associated with selected nutritional deficiencies

Nutritional deficiency Examples of cost

Folic acid (in women
periconception)

RR = 0.28 of NTDsa for supplementation of women of reproductive age [5];
Annual treatment costs per case:
US$51,574 (NTD); $11,061–65,177 (spina bifida) $ of 2003;
Spain $2734 (spina bifida), $ of 1988;
South Africa $12,609 (NTD) $ of 2008 [23]

Iodine Productivity loss per child born to a mother with goiter estimated as 10% [24]

Iron 17% productivity loss estimated in heavy manual labor; 5% in light manual, 4% in
other work, for anemic adults [25];
Standardized mean difference in IQ score >8 years of age: 0.41 [8]

Vitamin A Reduction of all-cause mortality (RR 0.76); diarrhea-related mortality (RR 0.72),
reduced incidence of diarrhea (RR 0.85) and measles mortality (0.50) [10]

Zinc Preschool children in 24-week preventive supplementation study had greater height
gain (0.37 cm), 13% reduction in diarrhea and 19% in pneumonia compared to
control [11, 12]

Multiple (stunting) Children who were not stunted at 36 months, compared to those who were, in
adulthood had [13]:
– 20% higher hourly earnings (men); 7.2% higher (women)
– Almost 20% higher per capita household income
– 3.6 more grades completed schooling
– 1 standard deviation higher in cognitive scores
– 1.86 fewer children (women)

1 cm additional height is associated with 0.55% higher earnings for men in high
income countries (median, 8 cross-sectional studies) [18]
1 cm additional height is associated with 4.5% greater earnings for men in low and
middle-income countries (median, 8 cross-sectional studies) [19]
Stunting in children is associated with increased relative risk of mortality: relative
risk is 5.5 for severe stunting and 2.3 for moderate stunting, compared to children
who are mildly stunted/not stunted [26]

Suboptimal breastfeeding In 2011, 804,000 child deaths (11.6% of all child deaths) attributable to suboptimal
breastfeeding [1]; breastfeeding associated with an increase in IQ of about 3 points
[16]

aNTD neural tube defects; RR relative risk
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improvement in rates (such that 45% of women were to breastfeed exclusively for 4 months as
opposed to 7% currently, and 75% of babies in neonatal units were to be breastfed at discharge)
would save £17 m annually in costs of treating childhood illnesses (2009–10 prices; US$27 m). For
the UK effects on mothers were also modeled, and there were £21 m annually (US$34 m) in cost
savings for breast cancer as well as 512 QALYs saved per year [33]. A global study estimates the cost
of cognitive losses associated with inadequate breastfeeding (defined as the gap between 100%
exclusive breastfeeding to 6 months, compared to current levels) as $302 billion US (2012 $), or
0.49% of world GNI. This is comprised of losses of $230 bn (0.53% of GNI) in high income
countries, and $71 bn (0.39% of GNI) in LMICs [34].

The Costs of Interventions to Reduce Undernutrition

If the benefits from improved nutrition are so large, why do parents not invest more in improved
nutrition for their children, assuming that they know the benefits? Understanding this can help with
evaluating possible interventions. First and foremost, undernutrition is linked to poverty. The poorest
households in low-income countries already spend 80% or more of their income on food, and are still
unable to purchase sufficient food (and food of appropriate diversity and nutritional quality) to obtain
a diet which meets the needs of all household members. Second, households may lack nutritional
knowledge, particularly of the specific needs of small children who need to eat more frequently than
adults, and who (because of fast growth and metabolic requirements) are especially vulnerable to
micronutrient deficiencies. Households can perhaps be educated or incentivized to adopt better
behaviors. Furthermore, households may not have access to convenient and nutrient-dense foods
appropriate for small children, or may be constrained in their ability to feed children optimally, for
example exclusive breastfeeding may not be compatible with the mother’s work situation. Poor
households also often have poorer living conditions and worse access to clean water and sanitation,
such that infections and parasites may impede good nutritional status. Breaking these constraints can
vary considerably in cost, as well as in effectiveness: it is more costly to alleviate poverty or provide

Table 2.3 Examples of economic cost of undernutrition at a country or regional level

Magnitude of effecta What was modeled?

Iron deficiency

0.81% GDPb: median for 10 LMICs [25] Used anemia

Iodine deficiency

0.48% of global GDP [27] Rough estimate based on 12% prevalence of
goiter prior to universal salt iodization

Stunting/underweightc

1.7–11.4% of GDP: range for 7 Latin American/Caribbean
countries [28, 29]

Used underweight

1.9–16.5% of GDP: range for 5 African countries [30] Used a mixture of underweight, stunting and
low birthweight

11.2% of GDP: estimate modeled for LMICs using 12 LMICs
with good time series data on height to reflect different regions
1900–2000 [19]

Used adult male height

11.2% of GDP: average for 66 LMICs [31] Used stunting

Notes
aMagnitude of effect depends on severity of condition
bGDP gross domestic product (similar to GNI or gross national income)
cNote that impact on NCDs later in life are not included in the cost estimates
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additional food to a family than to provide nutritional education, but effectiveness may also differ. We
will turn to costs of interventions now.

Table 2.4 summarizes estimates of the unit costs of selected nutritional interventions, using two
different methodologies. The table presents costs for the two low-income regions of the world with
the highest burden of undernutrition, namely sub-Saharan Africa and South and Southeast Asia. (See
the original sources for these costs, also for costs for the other LMIC regions). The ingredients
method costs utilize the OneHealth [35] tool, a tool which utilizes World Health organization
databases for cost of health inputs. Where OneHealth did not already have a cost estimate, lists of
“ingredients” were constructed for nutrition interventions (health worker time, drug and other input
costs, and an assumed percentage for administration, storage, transport, distribution, and other
overhead costs). The SUN estimates were constructed by the author from available country program
data both from published studies and gray literature.

Cost of nutrition interventions varies. Interventions that do not involve food (micronutrient
interventions, nutrition education) are modest in cost, typically less than $6 per child/pregnant woman
per year and in the case of fortification, less than $1 per person per year. The exception is calcium
supplementation which costs almost $19 per pregnancy. Programs involving distribution of food are
an order of magnitude (ten times) more expensive than micronutrient interventions excluding cal-
cium. Finally, the specialized food involved in community management of severe-acute malnutrition,
along with the supervision required, makes these the most costly programs discussed here. Note that
the $140 per child estimate for a 4-month treatment is probably more likely than the higher Scaling
Up Nutrition (SUN) estimate, which was made earlier when SAM interventions were less well

Table 2.4 Unit costs (cost per child/per mother in US $) of interventions to reduce undernutrition

Intervention Cost in AFR-E,
ingredients
method 2010 $
[17]

Cost in SEAR-D,
ingredients
method 2010 $
[17]

Cost used in SUN
estimates for sub-Saharan
Africa and South Asia [36]

Salt iodization (per person per year) 0.06a 0.06a 0.06

Multiple micronutrient supp (per
pregnancy)b

6.13 5.84 N/a

Calcium supplements (per pregnancy) 18.87 18.59 N/a

Energy/protein supp (per pregnancy) 25.00b 25.002 N/a

Vitamin A supplements (per child) 2.82 1.58 1.33

Preventive zinc supplements (per
child): SUN estimate is for multiple
micronutrient powders

5.88 4.63 7.98

Breastfeeding promotion (per birth) 14.18 11.69 5.82

Complementary feeding education (per
child)

5.22 3.54 1.83

Complementary food supplement for 6–
23 months olds (per child)

50.00b 50.00b 40.00–80.00b

SAM management (per case—duration
4 months)

146.19 138.72 221.60

Fortification of wheat/similar with iron
(per person per year); cost to also
include folic acid is negligible

– – 0.20

N/a means not available; AFR-E refers to those countries in the World Health Organization subregion in sub-Saharan
Africa with the poorest demographic profile; and SEAR-D to the corresponding region in Southeast Asia. South Asia
estimates are for the region as described by the World Bank. SUN refers to the Scaling Up Nutrition movement
aUses SUN estimates
bAuthor’s estimates, since an exact protocol for the amount, duration and composition of such supplements has not been
developed
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established. We will discuss relative cost-effectiveness of these various programs shortly: however for
LMIC governments, affordability of interventions is very important as it requires having access to
financial and nonfinancial resources. Any program costing $140 per child in a low-income country is
difficult to afford if a significant number of children are involved.

Two sets of unit cost estimates have been used in global costing exercises. The SUN estimates
were used for a set of interventions similar (but not identical) to those from a previous Lancet
nutrition series [37], and the ingredients method estimates for the 2013 Lancet nutrition series [17]. In
each case, priority countries were picked comprising 90% of world stunting. For the SUN estimates
there were 36; for the 2013 Lancet series there were 34 (with considerable overlap). In each case, the
cost of increasing existing coverage to reach 90% of the population was estimated. The 2013 Lancet
estimates were that scaling up ten key direct nutrition interventions would cost $9.6 bn annually.
While this is a large number, the cost would be likely split between international assistance (in
particular for the poorest countries) and domestic resource mobilization. If approximately one-third of
the cost was covered by international assistance (i.e., $3 bn) this can be put in context of constituting
about 11% of the annual global assistance for health, which was almost $27 bn in 2010 [38].

The total $9.6 bn total was divided up by intervention as shown in Fig. 2.1. Micronutrient
interventions (other than calcium) account for around a third of the total (one sixth for calcium alone,
and the other sixth for vitamin A, multiple micronutrients in pregnancy, and zinc). Nutrition edu-
cation programs (around breastfeeding and complementary feeding) account for another $1 bn.
Finally, programs involving food account for over half of the total, fairly equally split between
targeted food supplements for pregnant women and young children in food-insecure households, and
community management of severe-acute malnutrition.

The Lancet estimates [17] only cover the costs of “nutrition-specific” interventions—interventions
known to directly affect nutrition. In the long run, however, nutrition-sensitive investments are needed
to sustain improved nutritional status. These investments in agriculture, women’s empowerment,
water and sanitation, poverty alleviation, etc., are essential. These will promote human development
in the long run, including a diet that is appropriate in quality and quantity to promote human health.
Costing for these nutrition-sensitive investments has not yet been undertaken. If sufficient

0.1 0.5

1.9

1

0.1

1.20.7
0.3

1.4

2.6

Total $9.6bn

Salt iodisation

Multiple micronuts

Calcium supp 

Energy-protein supp
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Preventive zinc supp

Breastfeeding prom

Comp feeding education

Comp food supp
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Fig. 2.1 Annual cost of increasing coverage of nutrition interventions identified as effective and cost-effective in US $
billion [1]. Coverage increases from current levels to 90% in 34 priority countries. Source Uses data in web appendix
for [17]
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nutrition-sensitive investments can be made, then some of the shorter term nutrition-specific inter-
ventions can be discontinued. High-income countries do not need to provide food supplements except
to particular vulnerable populations, and rarely have to treat severe-acute malnutrition.

Cost-Effectiveness and Benefit–Cost of Interventions to Reduce
Undernutrition

Just because an intervention is inexpensive, does not make it worth implementing. Similarly, some
programs which have significant cost can be worth implementing. This is where cost-effectiveness
(and benefit:cost) analysis can assist.

A summary of studies undertaken between 2000 and 2008 [23, 37] suggested the following:

• Cost-effectiveness figures (cost per DALY averted)

– $5–15 for vitamin A supplements and periodic zinc supplements (in multiple micronutrient
powders)

– $40 for community-based management of SAM
– $50–150 for behavior change interventions (at scale)
– $73 for therapeutic zinc
– $66–115 for iron fortification
– $90 for folic acid fortification
– $500–1000 for food supplements for young children

• Benefit:cost ratios were as follows:

– 6:1 for deworming
– 8:1 for iron fortification of staples
– 30:1 for salt iodization
– 46:1 for folic acid fortification

The highest priorities using the cost-effectiveness metric are the interventions with the lowest cost
per DALY averted. For the benefit:cost metric, all four interventions examined are well worthwhile as
their benefits (higher future wages or healthcare savings) are considerably higher than their costs. One
problem is that it is not simple to compare interventions whose outcomes are DALYs, with those
whose outcomes are expressed in benefit:cost terms. Thus iron fortification (where outcomes are
primarily cognitive, with some modest lives saved) does not rank high on the cost-effectiveness
metric, but ranks high on a benefit:cost metric.

These figures put several micronutrient initiatives at the top amongst the nutritional interventions,
because they are effective but inexpensive. Community management of SAM—although costly per
child—ranks next, simply because it saves the lives of children who otherwise have a high probability
of dying. Effective behavior change interventions come next. Although frequently inexpensive
(especially those using radio or other media, rather than one-on-one counseling), these programs vary
wildly in their effectiveness often due to differences in the populations being served, including their
ability to change their behavior which is linked to their circumstances and to what they can afford, and
the intensity of the implementation and oversight that is being built into the programs. Finally,
programs involving food supplements are the least cost-effective because providing food is costly.

These cost-effectiveness data for nutritional interventions are comparable to other high-priority
health interventions for children in LMICs [39]. Other health interventions costing approximately $10
per DALY saved include, for example: vaccination against TB, DPT, polio, and measles (the tra-
ditional “Expanded Program of Immunization” for children); use of insecticide-treated nets against
malaria; and residual household spraying against malaria. Health interventions costing around $40 per
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DALY include a couple of different counseling programs against HIV/AIDS, plus condom promotion
and distribution. Interventions costing $1000 per DALY include antiretroviral treatment for
HIV/AIDS, and use of aspirin and beta-blockers to prevent ischemic heart disease. These values
indicate that nutrition interventions are of comparable cost-effectiveness as other high-priority public
health interventions (and selected medical interventions) in LMICs.

Updated cost-effectiveness estimates are available not for individual interventions, but for com-
ponents of a recommended nutrition package in the 2013 Lancet series, summarized in Table 2.5. In
this study, a full epidemiological model was used (LiST: the Lives Saved Tool to examine the
combined impact of a variety of recommended nutritional interventions delivered together [40]).

When several interventions are implemented together, or at the same time, we expect the combined
impact on averting deaths and illness will be less than the sum of all the individual effects. For
example, both measles vaccination and vitamin A reduce measles mortality and morbidity, but the
combined effect is smaller (lives can be saved by one or other intervention, but the same life cannot be
saved twice). Using a comprehensive model such as LiST avoids the double counting involved when
several interventions are used simultaneously.

Note that some of the interventions in Table 2.5 have stronger effects on cognitive development
but limited impacts on mortality, for example, salt iodization, iron supplements, and the food sup-
plements both for pregnant women and young children. However, the LiST model does not take
account of cognitive benefits.

Although the cost-effectiveness numbers in Table 2.5 are not quite as low as those from earlier
studies, the interventions modeled remain attractive as high-priority interventions. Note that the data
in Table 2.5 will be somewhat closer to those from SUN [37] once adjusted for inflation. The use of a
single tool to model all the interventions when combined is more methodologically sound than
separate estimates for individual interventions.

One recent study [41] used the same unit cost data as in the Lancet series (presented in Table 2.5)
[17] to estimate the benefit:cost of interventions to reduce stunting. This is a different metric than
cost-effectiveness shown in Table 2.5, since stunting can be related to improved cognition, hence
education and productivity, which the LiST model does not incorporate. This study consisting of 17
LMICs estimated the cost of stunting as presented in Table 2.3, but rather than presenting the losses
as a percentage of GDP, it compared the anticipated benefits from reduced stunting, to the costs of

Table 2.5 Cost-effectiveness of a package of nutritional interventions in 34 priority countriesa

Intervention Annual cost
($ bn)

Lives saved per
year

Cost per life-year saved
(DALY saved)

Optimum maternal nutrition in pregnancyb $3.4 bn 102,000 $571 ($1051)

Infant and young child feedingc $2.3 bn 221,000 $175 ($322)

Micronutrient supplementation for childrend $1.3 bn 145,000 $159 ($293)

Management of severe-acute malnutritione $2.6 bn 435,000 $125 ($230)

Total $9.6 bn 903,000 $179 ($329)
aResults are for when entire package of all interventions is scaled up at once to 90% coverage in the 34 priority
countries in [17]
bConsists of multiple micronutrient supplements to all; calcium supplements to mothers at risk of low intake; maternal
balanced energy protein supplements to mothers at risk of low intake and universal salt iodization
cConsists of promotion of early and exclusive breastfeeding to 6 months, and continued breastfeeding to 24 months;
appropriate complementary feeding education in food-secure environments, and education plus supplements in
food-insecure environments
dConsists of vitamin A supplementation between 6 and 59 months of age and preventive zinc supplements between 12
and 59 months of age
eCommunity-based management
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reducing stunting using SUN and the Lancet series methods [17, 37]. The results suggest that the
benefit:cost of reducing stunting in the median country is 18:1, and that the economic benefits (as well
as the benefits of saving 900,000 lives) make this a very worthwhile investment.

Future Research

In the preceding sections we have focused on undernutrition, however, it is clear that overweight and
obesity in LMICs are also becoming a large issue both for well-being and the associated economic
costs. One early study [42] estimated that in 1995, the costs of undernutrition and those of
overweight/obesity were about the same for China, while the undernutrition costs still exceeded costs
of overweight/obesity in India. However it was also estimated that by 2025, costs of overweight/
obesity would exceed those of underweight for China, and the two sets of costs would be similar in
magnitude for India. In this study, the economic costs of overweight/obesity were based on mortality
from, and treatment costs of, diet-related noncommunicable diseases.

A more recent study for China [43] provides more detailed estimates of the costs of overweight
and obesity. It separates direct costs (for medical treatment) from indirect (lost productivity due to
premature mortality, morbidity, and absenteeism from work). Direct costs were estimated to account
for 0.48% of GDP in 2000, and were predicted to increase to 0.50% in 2025. Estimates of indirect
losses were considerably larger, amounting to 3.58% of GDP in 2000 but predicted to substantially
increase to 8.73% by 2025.

A study for Brazil [44] focused only on the direct costs, which were estimated as 0.09% of GDP
annually for the 2008–10 period. The authors compared these to similar estimates for Western Europe
(ranging from 0.09 to 0.61% of GDP, depending on the country), and Korea (0.22% of GDP). The
lower impact in the Brazil study may also have been due to including a narrower range of disease
conditions than the study for China, as well as excluding indirect costs.

Even for industrialized countries where there has been intense interest in overweight and obesity, we
are still at an early stage in identifying the cost-effectiveness of interventions to prevent or reduce these
conditions. There is a broad array of interventions, ranging from individual actions to public health
measures, and encompassing behavioral measures, price and regulatory policy, curative measures, etc.

Furthermore, obesity and overweight outcomes are harder to model than those of underweight or
stunting. While stunting is largely determined early in life (within the first three years, although some
catch-up is possible later), overweight and obesity can change over the life course. Hence it is harder
to predict the impact on chronic diseases whose adverse consequences manifest in later life. At the
same time, we are aware that dietary and possibly physical activity habits are set early in life, such
that it is important to begin policies now to protect against, and reverse, the growing trends in
overweight and obesity. This is an area of growing research need, also for LMICs.

Another area where research is needed for LMICs is in “implementation science” for nutritional
interventions. As the SUN movement (http://www.scalingupnutrition.org) and related initiatives
succeed in drawing attention and resources, it is important that programs are effective and
cost-effective. Economics research can assist here too.

Discussion Points

• When can/should we use benefit:cost methods to evaluate nutrition interventions, and when
can/should we use cost-effectiveness methods?

• How can economics methods be useful for practitioners and policymakers interested in nutrition?
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• Are nutrition interventions good “value for money” for governments in LMICs and why?
• Nutrition education programs cost pennies per child, whereas treatment of severe-acute malnu-

trition can cost upwards of $200 per child. Does this mean we should give higher priority to
nutrition education?

• How do public health policy priorities need to change in response to the “nutritional transition”
underway in LMICs?

• How do interactions among nutrition interventions affect their cost-effectiveness/benefit:cost?
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Chapter 3
Nutrition Evidence in Context

Saskia de Pee and Rebecca F. Grais

Keywords Evidence-based guidelines � Nutrition science � Impact evaluation � External validity �
Systematic review � Context
Learning Objectives

• Explain the concept of evidence-based medicine (EBM).
• Understand the differences between medicine and nutrition science with regard to the type of

evidence that is required for choosing an intervention.
• Know which factors affect the external validity of RCTs in nutrition.
• Understand why context plays such an important role in the impact of most nutrition-specific

interventions.
• Be able to propose a design for assessing how a specific intervention implemented under real-life

circumstances contributes to improving nutritional status of a specific target group.

Introduction

Reducing the burden of malnutrition requires interventions that address its causes in an effective
manner. In order to decide which interventions to implement, one requires evidence of what works best
and at what cost. This raises the question as to what evidence is suitable. For example, if the aim is to
reduce anemia in a population, should one look at evidence of impact of interventions to prevent
malaria, delay clamping of the umbilical cord, provide iron/folic acid tablets to pregnant women,
micronutrient powders (MNPs) to children aged 6–23 months, deworming, or all of those? And would
one require evidence on the specific impact of each of these interventions in the absence or the presence
of the other interventions? We would also need to know whether the findings among one target group
can be extended to other target groups and whether impact found in one setting, for example in
sub-Saharan Africa, will be the same in for example South Asia or Latin America. And, what kinds of
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research designs provide reliable quality of evidence, should they only be individually randomized,
double-blind and placebo-controlled, or can observational studies or nutrition surveillance data also
provide useful information? Then, apart from evidence of impact, one also needs to factor in the
programming costs, coverage of the intended target group, and their adherence to the intervention,
when making decisions as to what strategies and programs to implement to improve nutrition.

This chapter puts evidence for nutrition in context, by reviewing the history of EBM and how it is
being applied to nutrition, what principle difficulties are of doing that and how to take that into
account when interpreting available evidence for impact of nutrition-specific interventions, how to
choose interventions and strategies for improving nutrition, and what to monitor and evaluate when
implementing nutrition-specific or -sensitive programs.

Evidence-Based Medicine

Conceptually, EBM is the application of the scientific method to medical decision-making. Until
relatively recently, research results were incorporated in decision-making through a highly subjective
process, sometimes referred to as “the art of medicine.” This means that decisions about individual
patients depended on each individual physician or medical professional to determine what research
evidence, if any, to consider. In the case of decisions that applied to populations, guidelines and
policies were usually developed by committees of experts, but there was no formal process for
determining the extent to which research evidence should be considered. The assumption was that the
practitioners incorporate evidence in their thinking, based on their education, experience, and ongoing
study of the applicable literature and therefore this would be sufficient.

However, in the 1970s these assumptions came under critique. Feinstein’s publication of Clinical
Judgment in 1967 focused attention on the role of clinical reasoning and identified biases that can
affect it [1]. In 1972, Cochrane published “Effectiveness and Efficiency,” which described the lack of
controlled trials supporting many practices that had previously been assumed to be effective [2].
Along with other research looking at clinical judgment and weakness in evidence underlying common
practices in medicine, evidence-based methods emerged.

The term “evidence-based” was first used in the context of population-level policies by David M.
Eddy. Eddy first published the term “evidence-based” in March 1990, in an article in the Journal of
the American Medical Association (JAMA) that laid out the principles of evidence-based guidelines
and population-level policies, which Eddy described as explicitly describing the available evidence
that pertains to a policy and tying the policy to evidence. Consciously anchoring a policy, not to
current practices or the beliefs of experts, but to experimental evidence. The policy must be consistent
with and supported by evidence. The pertinent evidence must be identified, described, and analyzed.
The policymakers must determine whether the policy is justified by the evidence. A rationale must be
written [3]. This paper was one of a series of 28 publications in JAMA between 1990 and 1997 on
formal methods for designing population-level guidelines and policies [3, 4].

The objective of EBM is to improve decision-making by focusing on the use of evidence generated
from well-designed and conducted research. EBM can be applied to medical education, decisions
about the clinical care of individuals, international guidelines and policies applied to populations, or
administration of health services in general [5]. In essence, EBM advocates that to the greatest extent
possible, decisions and policies should be based on evidence, not just the beliefs of patients, clini-
cians, experts, politicians, or administrators. It thus tries to assure that a clinician’s opinion, which
may be limited by knowledge gaps or biases, is supplemented with all available knowledge from the
scientific literature so that best practice can be determined and applied. It promotes the use of formal,
explicit methods to analyze evidence [6].

48 S. de Pee and R.F. Grais



Although all medicine based on science has some degree of empirical support, EBM classifies
evidence by its strengths and considers only the strongest types (coming from meta-analyses, sys-
tematic reviews, and RCTs) as yielding strong recommendations. Weaker types (such as from
case-control and observational studies) can yield only weak recommendations [5]. In brief, the
method for designing evidence-based recommendations and guidelines follows the following process.
First, the questions are framed, by specifying population of interest, interventions or a comparison of
interventions, desired outcomes, period, and context. Second, the available published peer-reviewed
scientific literature is searched to identify studies that address the questions. Third, each of these
studies is reviewed to assess whether the study addresses the question and what it reports about it. If
several studies address the question, their results are synthesized (meta-analysis or systematic
review). Fourth, the results of the review of the literature on the question are then compiled and
summarized to draw a conclusion about the question. Finally, recommendations or guidelines are
written based on this review [7, 8].

Systematic reviews of peer-reviewed research studies are a major part of the evaluation of par-
ticular practices, treatments and preventive measures, among others. The Cochrane Collaboration is
one of the best-known programs that conduct systematic reviews. Once all the best evidence is
assessed in a Cochrane review, the intervention or practice is categorized as (1) likely to be beneficial,
(2) likely to be harmful, or (3) evidence did not support either benefit or harm. In order to make these
assessments, the evidence that is available is “graded.” Different organizations and groups have
different classifications for grading, although there are certain differences, in general the following
applies to the majority of grading assessments [9, 10].

The strongest evidence for interventions is provided by a systematic review of multiple, ran-
domized, blinded, placebo-controlled trials with allocation concealment and complete follow-up
involving a homogeneous patient population and medical condition (see forthcoming paragraphs for
additional information on RCTs). In contrast, patient testimonials, case reports, and expert opinion
have little value because of the biases inherent in observation and reporting of outcomes, difficulties
in ascertaining who is an expert, and subjectivity [11]. In sum, evidence generated can be classified
into the following categories:

• Level I: Evidence obtained from at least one properly designed RCT.
• Level II-1: Evidence obtained from well-designed controlled trials without randomization.
• Level II-2: Evidence obtained from well-designed cohort or case-control analytic studies,

preferably from more than one center or research group.
• Level II-3: Evidence obtained from multiple time series designs with or without the intervention.
• Level III: Opinions of respected authorities, based on clinical experience, descriptive studies, or

reports of expert committees [12].

Once classified into categories (the above categorization is generally agreed upon), the evidence
itself is graded for its quality by the individuals or group(s) performing the evidence-based review.
Strong or weak recommendations are then made based on this review. High-quality evidence can be
interpreted as there being a very low probability of further research completely changing the con-
clusions. Moderate quality evidence is such as that further research may completely change the
conclusions. Low quality of evidence is such that further research is likely to change the conclusions
completely. Very low quality evidence is such that research will most probably change the conclu-
sions completely [13].

In order to understand these classifications and grading, it is important to understand the under-
lying principles of a RCT. In a RCT, people being studied are randomly allocated to one or several
different interventions. The RCT is considered the gold standard for a clinical trial and is often used to
test the efficacy or effectiveness of various types of interventions [14, 15]. Random assignment of
intervention is done after subjects have been assessed for eligibility and recruited, but before the
intervention to be studied begins. Conceptually, the process is like tossing a coin. After
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randomization, the two (or more) groups of participants are followed in exactly the same way, and the
only differences between the care they receive, is the intervention that is being tested. Randomization
minimizes allocation bias, balancing both known and unknown characteristics of the participants
across the intervention groups. Blinding1 ensures that there is no subjectivity introduced and use of a
placebo (or absence of the intervention) ensures that the study measures the effect of the intervention
directly. These design features improve the internal validity of the RCT. The reason RCTs are held as
the gold standard in medical research is that the tenets of the design allow for an establishment of
causality [16, 17].

The extent to which RCTs’ results are applicable outside the trial setting varies (external validity).
Factors that can affect RCTs’ external validity most applicable to nutrition include: where the RCT
was performed (e.g., what works in one setting may not work in another); characteristics of the
participants (e.g., an RCT may exclude pregnant women); and the study procedures and follow-up
care may be difficult to achieve in the “real world” meaning that the results may not be the same when
applied outside of a study.

Further, the information obtained from an explanatory RCT may not be what is most useful for
policymaking. Epidemiologists distinguish between the efficacy and the effectiveness of an inter-
vention. Efficacy trials (usually RCTs) are explanatory trials and aim to determine whether an
intervention leads to an expected result under ideal conditions. Effectiveness trials aim to measure the
degree of effect in the “real world.” As such, the study procedures in effectiveness studies resemble
programmatic or “normal” practices. These concepts exist on a continuum and their generalizability
depends upon the population, the condition, the severity of the illness, and the intervention itself
among other factors. As such, the generalizability of findings from one single study may range from
low to high depending on how the results are to be used [18]. An RCT may address either efficacy or
effectiveness (and sometimes even both in the case of certain interventions like vaccines).

Because RCTs are the gold standard, observational data, historical trends, and certain effectiveness
studies are graded much lower. Such a standard is justified by the usually high cost of certain medical
treatments, by the risk that therapeutic decisions based on inadequate evidence would shift treatment
away from possibly more efficacious therapies, and from the need to balance benefits against the risks
that accompany pharmacotherapy. RCTs are comparatively very expensive, can be challenging from
an ethical perspective (see Chap. 36 by Doherty and Chopra), often long to conduct and with a delay
between study completion and publication, and before the results lead to (modification of) guidelines
and implementation in practice. Due to these limitations, relying on evidence generated from RCTs
alone limits the scope and applicability of research for public health programming. Furthermore, by
their very nature, programming considerations are rarely incorporated into RCTs, and in many cases,
questions about nutritional programming may not lend themselves to an RCT design thereby
excluding these questions from consideration. It is important to note that use of RCTs is not limited to
specific interventions, but can also be used in impact evaluations. In this case, different nutritional
programs are the interventions and the primary objective of the trial is to measure the impact of
different programs. Like RCTs in the medical paradigm, these impact evaluation RCTs do not lend
well to evaluating nutritional programming. This is due to the often long period of time needed to
measure impact, particularly with respect to nutrition-sensitive programming.

For the reasons discussed above, decisions about nutritional interventions also need to draw
heavily on studies with designs other than RCTs. These other types of evaluations are particularly
important when an intervention is complex, or is implemented amidst a complex set of other inter-
ventions that also affect the main outcome indicator(s), such that the results of an RCT will be

1A blind(ed) study is one where information about the intervention is masked from the participant, to reduce or
eliminate bias, until after the study result outcome is known. In double-blind studies, both the participants and
investigators are blinded to which participants received which intervention. Triple-blind studies have participants,
investigators and the safety committee, which reviews results, masked to intervention groups.
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unacceptably artificial (not applicable to the real world); when an intervention has been established as
efficacious at a small scale, but its effectiveness at scale needs to be assessed, which is often the case
in nutritional interventions; and there are also cases when ethical concerns preclude the use of an RCT
[19].

Nutrition Science

Nutrition science deals with food and nourishment, especially in humans and also includes the study
of human behaviors related to food choices [20, 21]. A person’s nutritional status is affected by food
intake and by disease, which are recognized as the two direct (or immediate) causes of malnutrition
[22, 23]. Disease affects food intake, by lowering appetite, affects how food intake supports nutri-
tional status by affecting nutrient utilization, i.e., disease leads to nutrient losses and less efficient
absorption, and increases the body’s nutrient needs. Nutrition focuses on maintaining or improving
health by focusing on the diet [24].

An essential nutrient is a nutrient that the body cannot synthesize on its own—or not to an
adequate amount—and must be provided by the diet. These nutrients are necessary for the body to
function properly. The six categories of essential nutrients include carbohydrates, protein, fat, vita-
mins, minerals, and water. Nutrients are required for metabolic processes that provide energy, support
growth and tissue replacement, affect cellular and humoral immune systems, neural and cognitive
development, etc. [25]. Results of deficiencies of nutrients are many, some of which are specific (e.g.,
signs of deficiency of specific vitamins) while others are systemic and involve several nutrients (e.g.,
reduced growth or increased morbidity).

Semba’s chapter ‘Historical Perspective’ (Chap. 1) provides a thorough overview of how modern
medicine and nutritional science evolved over the last two centuries [26] and a recent article by
Semba focuses specifically on the history around discovery and provision of single micronutrients
and the introduction of multi-micronutrient supplements and fortified foods, through the health and
the food system, respectively [27]. The roots of modern nutritional science are in experimental
physiology in France at the beginning of the nineteenth century. Gradually during the nineteenth
century, the different substances in food, and the fact that they are essential for the body, were
discovered. Proteins, carbohydrates, fats, salts and water, foods such as milk, whey and egg yolk were
recommended for certain diseases, and the protection of infant health by breastfeeding was realized.
Late in the nineteenth and early in the twentieth century, vitamin theory and characterization of
vitamins were established. Specific deficiency signs, such as beriberi for thiamin, scurvy for vitamin
C, and pellagra for niacin, triggered the investigations and lead to the discovery of the specific
vitamins.

Between 1920 and 1940, different trials were done that found that nutrition and immunity were
closely related. Vitamin A was a nutrient of particular interest and became known as the anti-infective
vitamin. The practice of consuming cod liver oil, a very good source of vitamins A and D, became
widespread in the US and Europe in the late 1920s and remained popular for several decades, for the
prevention of illness among children. A relationship between quality of the diet and tuberculosis
incidence was also observed as British prisoners of war in Germany, during the Second World war,
who received a supplementary food ration from the Red Cross consisting of meat, butter, cheese, milk
powder and other foods had a 15 times lower TB incidence as compared to Russian prisoners of war
who were housed under the same circumstances, but did not receive such food rations [28]. As
medicine advanced in the 1940s and 1950s, especially with the treatment of infections using
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antibiotics, the role of nutrition was not prominently recognized anymore. At the same time, special
courses and curricula on nutrition were developed which took a more comprehensive approach, by
also looking at underlying and basic causes of malnutrition, and addressing these as well as cultural
aspects. As the focus on the latter became more important, the medical approach to nutrition was
de-emphasized.

By now, the medical focus is back in nutrition with advances in science and the increased ability to
identify and measure physiological and biological processes. However, nutrition has specificities that
are essentially different from medical science, especially in the following ways:

a. Intervening to improve nutrition, e.g. with nutrient or food supplements, is different from a drug or
vaccine, as it does not fit the paradigm of one causative pathogen that can be cured or prevented.
High-dose, single-nutrient supplements come closest, but even then, they are provided to ‘cure’ a
deficiency state of the specific nutrient, which causes dysfunction [29]. It is also important to
recognize that as knowledge progresses, our understanding of the causal pathways, even for
infectious organisms, are becoming increasingly complex.

b. Testing before use/consumption. New molecules (drugs) are subject to a series of tests before they
can be explored for their potentially beneficial effects. These tests start in the lab and end, if they
were proven effective in clinical trials, with continued monitoring of benefits and side effects when
it is has become available on the market as prescription drug. However, for nutrients, it is the lack
of them that causes dysfunction or disease, so the question about harm may arise when rather high
doses are given, but not when they are consumed at levels that are close to recommended intakes
[30]. For individuals with specific conditions that involve sensitivity to specific food components,
such as Crohn’s disease, peanut allergy, etc., specific dietary advice is formulated, based on a
positive response/absence of illness when certain foods are avoided.

c. Risk–benefit analyses in medicine and nutrition are very different. In medicine, drugs are pre-
scribed in order to treat or prevent a condition in a specific individual, whereas nutrient intakes
and population-wide distribution of specific nutrient supplements are provided to an entire pop-
ulation or target group, based on the prevalence of deficiencies in the population and the risks
associated with these deficiencies. The risk–benefit analysis for the individual focuses on the
benefit of treating a diagnosed condition or preventing a health-threatening condition, e.g., by
giving a polio vaccination. Risks, such as side effects of the drug or vaccination, are therefore
compared against known benefits at the individual level. When dietary supplements are provided
to complement a diet that is likely deficient for a substantial proportion of the population, how-
ever, the benefits for a specific individual are not known, unless his/her deficiency state is
confirmed and already resulted in a recognized dysfunction. This makes it sometimes difficult to
assess the benefit–risk ratio, as the risk tends to be overestimated when the benefit is not properly
understood [31, 32]. However, in fact, looking at it from the perspective of the required level of
confidence to decide to act, i.e. implement an intervention to treat a disease or to prevent a nutrient
deficiency, as a function of certainty that the intervention has an effect and its benefit–risk ratio,
the required level of confidence should be higher for drugs to treat disease than for nutrient
interventions to prevent disease [29, 31].

d. Everyone has a certain nutrient intake, provided by their diet. Nutrition interventions add to or
partially replace these intakes. Unless megadoses are provided such as in the case of a high-dose
vitamin A capsule, nutrition interventions tend to achieve a modest increase of nutrient intake and
the magnitude of the net increase varies within the target population, because nutrient needs and
intakes vary among individuals.
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Evidence for Nutrition-Specific Interventions and Programs

Can the Evidence-Based Medicine Paradigm Be Applied to Nutrition?

As mentioned above, the paradigm of EBM is also being applied for evidence-based nutrition where
efficacy of commodities, for treating or preventing specific conditions, is to be proven before they are
being recommended for wider use. For example, WHO publishes evidence-based guidelines that are
commodity specific, e.g. on MNP, for which systematic reviews of existing evidence are done. Such
systematic reviews first specify which outcomes are of interest and for which target group(s). In the
case of MNP this may, for example, include anemia, specific micronutrient deficiencies, linear
growth, diarrhea, and mortality. However, what is ultimately included in the systematic review
depends on the published evidence that is available. In the case of MNP, this may mean that only the
impact on iron deficiency, anemia, and vitamin A deficiency can be reviewed among 6–23-month-old
children, for the specific formulations of MNP that were used for the studies.

Some drawbacks of applying the paradigm of EBM to nutrition are the following:

a. The focus is often intervention instead of problem-based. Rather than focusing on a combination
of interventions for reducing or preventing a condition (e.g., anemia or stunting), the focus is on
the impact of a single commodity on selected outcomes. Recently packages of interventions have
begun to be explored, but this is a relatively new approach and different studies examine other
combinations of nutrition-specific and medical interventions (for example, vaccination, malaria,
and nutritional interventions as a package).

b. While a nutrition intervention may have several impacts, often only a few specific ones are the
primary outcomes in a study. Due to that, the impact on other outcomes is either not assessed or
not with enough statistical power to conclude whether it has an impact on these outcomes [29].
This particularly applies to interventions with a combination of nutrients, such as special nutritious
food supplements.

c. Even though there are different formulations and different uses of a specific commodity and they
are used in different contexts, they are often taken together in systematic reviews. For example,
MNP may contain 3, 5, 15, or another number of micronutrients and in different dosages, or
fortified blended foods (FBF) can contain different ingredients such as with or without milk
powder or they may be fortified with different vitamin and mineral mixes. Furthermore, they may
be provided at different dosages or frequencies (e.g., one sachet of MNP per day every day vs.
10 sachets per month, or 50 g/d vs. 200 g/d of FBF). Also, as existing diets as well as the
composition and intake of the commodities differ, the difference that they make can vary greatly,
e.g. the intervention may increase existing nutrient intake by 30% versus 200%, which is basically
the difference of just topping up an intake that is already almost adequate versus really correcting a
deficiency, and hence they will have a different impact. If a systematic review assesses the impact
of a commodity without distinguishing different formulations that were used or without assessing
the difference made to existing intake in the specific studies, the findings are not very useful for
guiding programs in specific settings among specific populations.

d. Individual-level benefits may be masked when looking at the population-level benefits of certain
nutritional interventions. For example, pooled analysis of studies that compared the impact of
prenatal multiple micronutrient supplements versus Fe/FA supplements found an average increase
of birthweight of 22 g, which appears to be quite small. However, among women with a BMI of
20 kg/m2 or higher, birth weight increased 39 g, compared to 6 g in mothers with BMI under
20 kg/m2 [33]. The fact that there was a subgroup that benefitted substantially more has a number
of implications. First of all, the findings are not generalizable to any group of pregnant women.
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Secondly, when intervening among women with a low BMI, there is a need for additional
interventions to increase their weight gain simultaneously with increasing their micronutrient
intake. And, thirdly, in order to avoid complications during delivery of a heavier baby to a
potentially stunted woman with a smaller pelvis, availability of quality obstetric care should also
be ensured.

Choosing a Control Group for a Nutrition Intervention Study

As mentioned above, the gold standard in intervention study design is an RCT, which includes one or
more intervention groups and a control group (with or without placebo), and the groups are com-
parable in all other regards. When studying the impact of nutrient supplements that provide nutrients
at a dosage level of several times the recommended intake, this design can quite easily be applied.

However, when a food is the intervention, and even when groups are comparable on all other
measured characteristics, for example a flour for a cereal porridge in order to prevent stunting, this is
more difficult. First of all, there cannot be a placebo, i.e. there is no porridge that provides no
nutrients, and if there was, it would not be ethical to provide it, which makes the inclusion of a
control/comparison group more complex. Secondly, in the intervention group, the porridge may
replace other foods that would have otherwise been consumed and these will continue to be con-
sumed in the comparison group. Thus, the difference between the diets of the two groups is not just
that the intervention group has the special porridge whereas the other one does not, because the
comparison group eats other foods in place of the porridge. This means that such a study can assess
the difference in nutritional status when one group receives a porridge of a certain composition, but
that the difference that is found is not simply explained by the additional nutrient intake from the
porridge, but by the difference of total daily nutrient intake between the two groups, which should
hence be carefully assessed. Furthermore, this difference of nutrient intake between the two groups is
context-specific, i.e. in one location the comparison group may predominantly consume a watery
gruel, whereas in another location the comparison group may have access to more nutrient dense
foods such as fruits and animal source foods. In the first scenario, the special porridge is likely to
make a substantial difference to daily nutrient intake, whereas the difference may be much smaller in
the second scenario where it would also replace some nutrient-dense foods (Fig. 3.1). Although
theoretically possible to control for these differences when analyzing the results of studies using food,
in reality these differences are often not assessed and therefore cannot be accounted for. Thus, when
different effectiveness of interventions with certain products is observed, it is important to explore
differences in terms of programmatic effectiveness and contextual factors.

Sometimes, it is not possible to assign no intervention to a comparison group, for example in the
case of treatment of a condition for which a certain treatment is already being provided, such as
moderate acute malnutrition. In that case, the comparison group may get the standard of care, whereas
the intervention group receives the new treatment of which the impact needs to be assessed. Or, one
may have a ‘positive control group’ that receives an optimal intervention, which for resource or
feasibility reasons could not be provided at large scale, but serves as a kind of ‘gold standard’
comparison for the more realistic/feasible intervention(s). The latter is similar to the approach in
animal nutrition, where the optimal nutrient intake and diet is known, and for cost, environmental
impact or other reasons, modifications of the diet are tested for impact on nutritional status, growth or
health of the animals. In human nutrition for resource-limited settings, the approach is the opposite,
i.e. we know that the diet is not adequate, and we try to improve nutrition through behavior change
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communication/providing special nutritious commodities/giving cash to the household, etc., not
because these have been designed to provide the full recommended nutrient intake, but because this is
what is affordable for the public sector (i.e., government/donors) or is preferred for other reasons (i.e.,
cash as safety net type support that provides decision autonomy to the household) and we like to
assess whether that modification makes enough of a difference.

Nutrient gap

Local Diet

• Low dietary diversity
• Cereal / legume based
• Limited energy and 

nutrient density

Intervention

Nutrient gap in

the local diet 

Local Diet

• Low dietary diversity
• Cereal / legume based
• Limited energy and 

nutrient density

Nutrient gap

Local Diet

• Higher dietary 
diversity

• More foods of greater 
energy and nutrient 
density

Intervention
Nutrient gap 

Local Diet

• Higher dietary diversity
• More foods of greater 

energy and nutrient 
density

Fig. 3.1 The extent to which a nutritious food adds essential nutrients to the total nutrient intake (i.e., fills a nutrient
intake gap) varies depending on the prevailing diet, which varies across contexts and among individuals
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Magnitude of Nutrient Intervention in Relation to Existing Intake
and Chance of Detecting a Change of Nutritional Status

It is important to think quantitatively when designing or interpreting a nutrition intervention study,
both with regard to the magnitude of the intervention as well as with regard to existing intake and
how much difference, in absolute terms, the intervention makes in comparison to the intake prior to,
or in absence of, the intervention.

When nutrient supplements are provided, such as vitamin A capsules or multi-micronutrient
tablets, dosage may be at the level of the recommended daily intake or several times higher than that,
but normal/existing nutrient intake is unlikely to change. When a special nutritious food is provided,
this may be a food that is meant to replace all other food that is consumed, except breast milk, for
example in the case of treatment for severe acute malnutrition, but it may also be a complement to the
daily diet, such as in the case of a fortified complementary food that can provide 1–2 servings per day,
or a complementary food supplement such as a small quantity lipid-based nutrient supplement
(LNS-SQ, <120 kcal/serving).

As also mentioned above, the difference made to the person’s nutrient intake is not only a function
of the composition of the food supplement, but also of the amount of it that is consumed, and what it
replaces. In the case of a fortified complementary food, the nutrient content is often chosen such that
those who consume a relatively large number of servings of the product do not have a too high intake,
for example, one serving provides 1/3 of RNI, so that 3 servings would provide 100% of the RNI.
However, as many children, especially when the household has to self-purchase the food, may not
consume more than one serving per day or even just a few servings per week, recent recommen-
dations from GAIN as well as WFP are to provide 50% of the RNI per serving [34, 35].

Being able to achieve an impact with the intervention depends on the magnitude of the difference
that is made to a person’s nutrient intake, as well as on the preexisting nutrient intake and nutritional
status. For example, when existing nutrient intake is deficient, e.g. at 30–50% of RNI, adding 30% of
RNI makes a substantial difference and may well result in detectable differences in nutritional status.
However, if existing intake is around 70–90%, adding 30% may not result in a measurable difference,
because for many individuals, the preexisting level of intake may have been sufficient already, so that
additional intake of nutrients is either stored or excreted.

And lastly, nutrients have impacts beyond specific and nonspecific effects on nutritional status,
e.g., on functional outcomes such as morbidity. For these reasons, assessing impact of a nutrition
intervention should be done very carefully. First of all, the difference made in terms of nutrient intake
needs to be carefully assessed, including an assessment of the contribution of the rest of the diet to
nutrient intake and actual intake of the nutrient supplement or complementary food product, and
secondly, the outcomes of interest and sample size need to be chosen carefully, such that impact on a
variety of indicators can be detected.

Outcome Focused Interventions, Collecting and Interpreting the ‘Right’
Evidence

In the section above, we have discussed why the level and achieved change of nutrient status are very
important to consider when conducting a nutrition intervention study that provides extra nutrients in
one way or another. This is particularly relevant when the primary outcome to assess the intervention
is also affected by other factors. For example, stunting may be aggravated by morbidity, which can be
due to suboptimal hygiene and sanitation practices. This can modify the effect of the nutritional
intervention under study. For example, not finding an impact on morbidity when providing daily
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MNP in a study may be because the hygiene and sanitation situation is so poor that increasing nutrient
intake does not improve immune system performance because nutrients are not utilized well (excreted
due to diarrhea for example). However, had the study been conducted among a population with a
better hygiene and sanitation situation, the increased nutrient intake would have improved nutritional
status which could have resulted in a lower morbidity incidence. Similarly, if the situation in terms of
hygiene changes for the better or for worse during the study, in both intervention and control groups,
this can also affect the ability to detect a difference due to the intervention.

Differences in nutrient intake, nutritional status and effect modifiers across different contexts vary
by an order of magnitude that can be similar to the difference made by a particular nutrition inter-
vention. This substantially limits the external validity of findings of nutrition intervention studies and
this can be further exacerbated with poor study design and implementation. This also makes sys-
tematic reviews of impact of nutritious commodities challenging to interpret and problematic to
generalize across contexts. This has implications for program managers and policymakers with regard
to deciding which interventions are most appropriate to improve nutrition in a specific country or area
(see Box 3.1) and for assessing whether the implemented package has the desired impact (see
Box 3.2).

Box 3.1. Evidence Needed for Designing and Implementing Nutrition Strategies and
Programs in a Country
The links between direct, underlying, and basic causes of undernutrition have been clear from
the time of the introduction of the UNICEF conceptual framework in the 1980s, and the role of
different types of nutrition-specific and nutrition-sensitive interventions have been clearly
identified and shown by the framework published in the Lancet series 2013. However, making a
judicious choice among the possible interventions and ascertaining that implementing them in a
specific way in a particular context will achieve the desired impact, and in a cost-effective way,
is the challenge faced by the nutrition field today.

To design programs and strategies for improving nutrition in a particular country, the global
knowledge and recommendations need to be applied locally and for doing so, the following
kinds of information and evidence are required:

1. Which nutrition problems exist in a specific country
Evidence of what nutrition problems exist (e.g., stunting, anemia, low birth weight, over-
weight), amongst whom (age, sex, socioeconomic status) and where.

2. Thorough situation analysis to identify the main causes of malnutrition in the country
It is important to identify the main, or most likely, causes of the nutritional problems in the
particular context, i.e. what is the contribution of the different direct causes (dietary intake,
disease and inflammation, caring practices) and which underlying causes are particularly
important. For example, if micronutrient intake is not adequate, is that because
micronutrient-rich foods are not available, not affordable, or awareness of the importance to
consume them is lacking; or if many births are small for gestational age, is there a large
proportion of births among adolescent girls, do women not eat enough during pregnancy to
avoid having a large baby, and/or to widespread food insecurity?

3. Evidence on how the causes of malnutrition can potentially be addressed
Evidence is required on which specific interventions have the potential to improve nutri-
tional status by impacting the direct and underlying causes that are most important in the
specific context. This is where evidence-based guidelines are important.
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Box 3.2. Evidence to be Gathered on Impact of Implementing Nutrition Strategies and
Programs in a Specific Context
While much of the nutrition research focuses on assessing impact of specific interventions
under well-controlled circumstances, for example through (cluster) RCTs, real-life circum-
stances mean that several nutrition-specific and nutrition-sensitive interventions are often
implemented at the same time and that coverage, uptake and adherence is subject to quality of
program implementation and beneficiary/consumer interest and demand. This means that an
intervention that works well in one area, may not work well in another, because programme
implementation varies, the intervention is not well adapted to the specific target population and
therefore uptake and adherence are low, other circumstances are very different, e.g. hygiene and
sanitation is not a major cause of malnutrition in one area while it is in the other, etc.
Furthermore, several other factors also impact on the outcome of interest, i.e., nutritional status
or functional outcomes such as morbidity.

Therefore, the key areas of evidence that should be used and contributed by programs that
aim to improve nutrition, either directly (i.e., nutrition-specific programs that address direct
causes) or indirectly (i.e., nutrition-sensitive programs that address underlying causes) are the
following (see also Chap. 27 by Olney, Leroy & Ruel):

1. Programme design, implementation and monitoring
The specific interventions need to be delivered and received by the intended beneficiaries
and should be used/implemented as recommended. A qualitative assessment, using for-
mative research methods, is required to inform program design. This should address
questions such as who are trusted authorities that can deliver and/or support the intervention,
what influences caretakers’ child feeding practices, what is an appropriate design for the
packaging of the special nutritious food. Once the program has been designed, its imple-
mentation and achievements needs to be monitored, through programme monitoring, pro-
cess evaluations and coverage surveys, the results of which can be used to improve
programme design and implementation.

2. Programme’s impact on nutrition outcomes and intermediate pathways
When the programme is implemented, it needs to be ascertained that the programme is
received as intended and impacts points along the pathway to improved nutritional status,
and, ultimately, that nutritional status improves. This is addressed by programme
evaluations.

3. Magnitude of impact of specific intervention package in context X under circumstances
Y amongst whom, how, why, at what cost
This is the ultimate question, i.e. does the specific programme, conducted in context X (e.g.,
low income country, high prevalence of food insecurity), experiencing circumstances Y
(e.g., increased food prices and floods) achieve the desired impact on nutritional outcomes,
which components may have had the most impact, and what are the reasons for having/not
having an impact? This question is addressed by a very comprehensive programme
evaluation/operational research and can use specific research designs including one or more
comparison groups that receive other interventions or serve as a control who may receive the
intervention at a later stage (step-wedge design).
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Assessing Impact of Programs for Improving Nutrition

The main focus of this chapter has so far been on assessing impact of specific nutrition interventions,
especially those that use nutritious commodities (supplements or special foods). However, preventive
health and nutrition programs rarely provide just one intervention, as their aim is to reduce morbidity
and mortality in the short term and improve nutrition, health and development for the longer term,
even for life. Ideally, a combination of nutrition-specific interventions, preventive health interventions
such as immunization and malaria control, as well as nutrition-sensitive interventions such as
improving water and sanitation, diversifying crops and village garden produce, and increasing access
to education, are implemented. Ultimately, one would like to know the impact of such a ‘package’ of
interventions and strategies, delivered by different sectors, on nutrition, health, development, mor-
bidity and mortality, and preferably also which components made the biggest difference and at the
lowest cost.

These questions are very difficult to disentangle into sub questions that focus on specific inter-
ventions or strategies, because individuals are exposed to several interventions at the same time. For
example, if one is interested in assessing the impact of social behavior change communication
(SBCC) on the diversity of children’s diets and on their nutritional status and conducts a study where
two groups both participate in a food security program of an NGO that also provides health care
services, one of which receives the SBCC, and a third group only receives the health care services,
one can assess how the combination of SBCC and food security intervention improves dietary
diversity as compared to neither intervention, or how SBCC improves dietary diversity when added to
a food security intervention. The food security intervention may have improved access to specific,
self-produced foods, but may also have increased purchasing power, which may lead to earlier health
care seeking, purchasing of specific nutritious foods, etc. Therefore, one will not know whether
SBCC alone, without concurrent intervention for food security, could have improved dietary diversity
and nutritional status in the particular setting.

In such a situation, one possible design is a RCT of several packages of interventions, which will
have to be allocated to clusters instead of to individuals, because of the way some of the intervention
components are implemented. Another, more pragmatic, approach would be to monitor program
implementation, key outcome indicators and other relevant factors that can affect the intervention
and/or the outcome over time as programs and strategies evolve (see Box 3.2 and Chap. 27). This is
especially relevant when all components of the package have already independently, in other settings,
been shown to be effective, such as is the case for the nutrition-specific interventions recommended
by the 2013 Lancet series.

Nutrition surveillance is a very good way of collecting comprehensive information on imple-
mentation, coverage and adherence to nutrition-specific and -sensitive programs as well as underlying
and basic causes of malnutrition and as such enables comprehensive plausibility analyses for impact
of nutrition interventions and strategies under real-life circumstances [36] (see also the chapter on
Health and Nutrition Surveillance by Bloem, de Pee and Semba in the 2nd edition of this book [37]).

Can Stunting Be the Indicator of Need for Nutrition Interventions
and the Indicator of Their Impact?

For monitoring the undernutrition situation within a country over time and across countries, stunting
is the preferred indicator because it reflects the cumulative impact of nutrition insults, i.e. inadequate
nutrient intake and disease across a period of 1000 days, starting at conception and lasting until the
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child’s second, or even third, birthday, and it also reflects the impact of underlying and basic causes
of malnutrition. Furthermore, it reflects other consequences of undernutrition as well, i.e., a stunted
individual also suffers from micronutrient deficiencies which have consequences for performance of
the immune system, cognitive development and hence schooling performance and income earning
later in life. Stunting is also a good indicator for monitoring improvements of a population’s nutri-
tional status over a longer period of time, i.e. at least a few years, as related to the cumulative
exposure to nutrition-specific and -sensitive policies and strategies, including pro-poor safety nets and
changes of the economic situation.

However, stunting may not be the best primary outcome indicator of a specific intervention, for
two reasons. First of all, stunting accumulates over a substantial period of time that covers
pre-pregnancy, affecting nutritional status at conception, pregnancy, early lactation and the com-
plementary feeding period, and is affected, positively and negatively, by many different factors.
Therefore, while a specific intervention may make a contribution to improving nutrition, it may not
cover a long enough period of the first 1000 days or be insufficient on its own to lead to substantial
change of stunting without other conditions also being in place. Secondly, as stunting is defined as
inadequate linear growth (being too short for one’s age), specific nutrients are required to prevent
stunting, i.e. allow adequate growth of bones and muscles [38]. While these nutrients are provided by
a diverse diet that includes plant source foods, animal source foods and fortified foods, specific
nutrition interventions may be a better source of certain nutrients, for example micronutrients, than of
the nutrients required for linear growth. In that case, the intervention may have a limited impact on
stunting but still affect other outcomes that are also caused by an inadequate diet, such as
micronutrient deficiencies, cognitive development and morbidity. It is thus very important that
interventions for reducing undernutrition in a population are not only judged by their impact on
stunting, but also by their impact on other forms and consequences of undernutrition.

Importance of Trends and Context

As discussed above, applying the evidence-based medical paradigm to nutrition, as well as the
evolution of nutritional science over the last two centuries, has led to a major focus on individual
nutrients and their short—to medium-term impacts, and on mixtures of individual nutrients often in
the form of supplements. However, for interventions that aim to change dietary intake using foods,
whether naturally available foods or special nutritious foods such as FBF or MNP, the existing
evidence-grading paradigm has additional limitations. For example:

• changing dietary behavior, even when it involves consumption of a special food, is different from
taking a drug.

• dosage of nutrients is modest compared to existing nutrient intake.
• the key outcomes are affected by many other factors in addition to the one specific nutrition

intervention that is tested, and controlling for these differences is often problematic.
• the role of the context in determining the extent of change that can potentially be achieved as well

as presence of facilitating or hindering factors is much greater, which leads to difficulties in
generalizing study results.

Therefore, the emphasis in nutrition science on the causal paradigm that is used in infectious
disease research is arguably often counterproductive with respect to programming for nutrition.
Adding to the complexity with regard to nutritional interventions in emergencies is the emphasis on
mortality reduction as the primary outcome used for establishing benefits, whereas there are many
additional factors determining mortality risk as well as other, longer term, benefits of nutrition
interventions.
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Facing the limitations of the evidence-grading paradigm for nutrition, what other evidence can be
referred to? While observational data are typically rated as low quality evidence, because one has not
controlled the situation that has been observed, nor intervened in any particular way, much can be
learned from observational data, such as those collected by a surveillance system or spanning a long
period of time (historical data). An example of observational data covering a long period of time is the
increase of height of Dutch men in the decades after the Second World War, when sanitation and
access to clean water were already optimized and public health service provision was good [39]. Of
the two direct causes of improved nutrition, dietary intake was hence the most important, and this
indeed improved with better access to a diverse diet, with an increasing share of animal source foods
and processed, fortified foods as the economy improved. This relationship could not have been tested
with a suitable experimental design.

Also, by comparing trends over time across different contexts, one can identify factors that are
likely related to these differences. Similarly, while the immediate, underlying, and basic causes of
malnutrition are known, their importance in different contexts varies, and identifying which ones are
most important where is important for tailoring interventions. For example, stunting is caused by
maternal factors, including age of the mother at the time of the pregnancy and nutrition during
pregnancy as well as complementary feeding practices. In some settings, maternal factors are more
important than in others, for example in South Asia as compared to Africa, so that in those settings
interventions that delay age at marriage and first child birth and that improve adolescent and maternal
nutritional status should be of high priority.

Ascertaining and Monitoring Impact of Measures to Improve Nutrition
in a Target Population

The nutrition interventions that are provided are often selected from evidence-based recommenda-
tions that are based on efficacy studies that were carefully controlled and implemented under certain,
context-specific, circumstances. While these contexts vary among different studies, the fact that
coverage of and compliance with the intervention, as well as other factors that can interfere with the
intervention or its effects, were carefully controlled means that their results cannot be translated
one-to-one to real-life programmatic circumstances. This also applies to the monitoring of their
impact, which is far more complex, and should not be done in a way that evaluates the impact of the
intervention as such, but rather evaluates change of nutritional status in relation to all factors that may
impact it, including coverage and adherence to relevant interventions. However, before even con-
templating trying to assess change of nutritional status, the focus should be on the choice and
implementation of the intervention.

Especially when the intervention is food-based, i.e. modifies the diet, either with specific nutritious
foods or by recommending dietary changes possibly accompanied by homestead food production or
other food security interventions, it is very important to think [40]:

• Quantitatively, i.e., about the magnitude of the difference that needs to be made in order to achieve
recommended nutrient intakes;

• Biologically, i.e., nutrients will need to be released from the foods during digestion and become
available for absorption (i.e., the nutrient need to be bioavailable and the consumer in good
health);

• Behavior, i.e., consumers need to obtain, like and consume the food and at the recommended
frequency and amount; and

• Programming, i.e., how to ensure that the food(s) are produced or manufactured, become available
for the intended consumers, are purchased or distributed to the beneficiaries, etc.?
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For choosing the intervention, it is important to note that evidence of efficacy is not required for
every new application of a tested intervention. For example, the evidence of impact of MNP on iron
status and anemia can be extended to school children, provided that they receive it in similar dosing
and mixed with similar foods with regard to content of iron absorption inhibitors; the recommen-
dations for fortification of wheat flour, which were based on several studies, were extended to maize
flour because of its great similarity to wheat flour [41] and can to a large extent also be extended to
rice [42].

Let us consider the case where it is decided to improve nutrient intake of 6–23 months old children
through the distribution of a fortified blended food, for example Super Cereal Plus or a locally
produced equivalent product, in order to reduce nutrient intake gaps and hence contribute to pre-
vention of undernutrition, including micronutrient deficiencies and stunting. The food contains 1 RNI
of 20 nutrients per 50 g of powder (200 kcal), which makes 300 g of porridge. In this case the
following considerations are important:

a. Nutrient contribution from the food needs to be substantial enough in comparison to the nutrient
intake gap. For example, if the full dose is consumed every day, the child will have an intake of
1 RNI/d. However, if the child eats approximately half of that, because she/he is still small, breast
feeding and/or also eats some food from the family pot, the nutrient intake from the specific food
will be less (but total nutrient intake may still be close to the target, depending on the nutritional
value of the rest of the diet).

b. The food/commodity needs to be nutritious, efficacious and safe. In the case of the fortified
blended food, it should contain nutrient forms that have good bioavailability and are stable within
the food (i.e., not interacting with the other nutrients). There is good guidance available for which
forms of micronutrients have good bioavailability and can be used for which types of food [43, 44]
so that one does not require results from efficacy studies for each formulation of a specific food.
Manufacturing should be done according to specifications and while adhering to good manu-
facturing practices, including Hazard Analysis and Critical Control Points (HACCP). Shelf life
should be as desired (i.e., product remains stable during the period stated on the label) and the
manufacturer and its product(s) need to be audited by independent firms.

c. The consumption of the food should be as desired, for example 1–2 servings/day. This requires
that:

• the commodity is available to the intended consumers (distributed/purchased) and acquired by
them

• the commodity is accepted by the consumers (i.e., product type is acceptable, packaging is
appreciated, appearance, smell and taste are good)

• it is consumed as recommended (target group, amount consumed per serving, number of
servings per day/week).

These are all aspects related to design and implementation of the appropriate delivery of the
intervention, including that the target population accepts/desires to acquire and consume it.

A common pitfall when assessing effectiveness or impact of interventions that use specific
nutritious products under programmatic circumstances, is that there is too much emphasis on
assessing biological impact (i.e., is anemia reduced when MNP is added to school meals or is stunting
prevalence less when FBF are introduced), while inadequate attention is paid to ensuring and
monitoring the above factors that determine the actual difference of nutrient intake that this inter-
vention achieves. Also, it often happens that other factors that affect the biological indicator, e.g.
helminth infection, or deworming, or iron supplement consumption, are not adequately monitored or
assessed before and during the intervention. In fact, implementing and assessing the nutritional
intervention itself is the easy part (and most clear), the rest is far harder.
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Therefore, a lot of attention should go toward:

• the design of the intervention, along the lines of the above example;
• its implementation, which is not just limited to delivery of a specific commodity, but stretches

along the entire chain from manufacturing a quality food, packaging it in appropriate packaging
that maintains the quality and is attractive to the consumer, to SBCC about a nutritious diet, fed in
a responsive manner and including the special nutritious food, and ensuring availability of product
at the appropriate time and place;

• monitoring implementation, to check whether implementation happens as intended and to be able
to detect and act when something does not go well; and

• monitoring confounders and outcome, i.e., factors that are relevant for program implementation
and intervention delivery (e.g., changes of purchasing power when consumers should buy the
product) as well as for intended outcome (e.g., implementation of public health interventions and
access to health care).

The importance of good intervention implementation, its complexity, and the inadequate emphasis
that this has received in general has lead to the recent formation of the Society for Implementation
Science in Nutrition [45].

In summary, this means that in our specific example the focus of the program should be on
ensuring that nutrient intake increases as desired, as that should lead, over time and provided that
other nutrition-specific as well as sensitive are also implemented, to improvement of the nutritional
status of the population over time.

To be able to assess that, one should thus not only ensure and monitor the appropriate imple-
mentation of the intervention and the intermediate (product availability, acceptance and consumption)
and ultimate outcomes (nutrient intake, nutritional status) that are of direct interest, but also the
factors that can modify, i.e. strengthen or weaken, these outcomes. The chapter by Olney, Leroy and
Ruel provides a good description of how program impact pathway frameworks can be used to design
program evaluations that take many of these other factors into consideration. And the Chapter in the
second edition, by Bloem, de Pee and Semba describes how nutrition surveillance can be used to
monitor ongoing implementation of strategies and programs and for example assess variation of
exposure among different subgroups and relate this to attenuating or enhancing influences and related
outcomes.

Finally, it is important to remember that if the introduction of a specific intervention is not
accompanied by the desired/anticipated change of nutritional status, this may be because it is poorly
adapted, does not make enough of a difference, i.e. the intake gap is larger than anticipated, and/or
other factors negate the impact of the intervention, such as disease or simultaneously reduced access
to previously consumed nutritious foods. When dietary deficiencies are very likely, as shown by
dietary intake surveys or specific or proxy indicators of nutritional status, there is no reason to
question whether interventions that fill a gap between actual and recommended nutrient intake are
necessary. Rather, the question should be whether the total combinations of interventions that the
population is subjected too, were effectively delivered and make enough of a difference, under
prevailing circumstances, including other nutrition-specific or -sensitive programming and modifying
factors.

Conclusion

Applying the evidence-based medical paradigm to nutrition, as well as the evolution of nutritional
science over the last two centuries, has led to a major focus on individual nutrients and their short- to
medium-term impacts, and on mixtures of individual nutrients often in the form of supplements.
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However, for interventions that aim to change dietary intake using foods, whether naturally available
foods or specific, fortified, nutritious foods, the evidence-based medical paradigm has several limi-
tations, as follows: (a) the approach is intervention- rather than problem-based, (b) the intervention is
superimposed on an already existing food and nutrient intake which affects the net difference it
makes, (c) the focus is on just a few of many outcomes, (d) generalization across interventions
disregards potentially important differences (e.g., complementary foods are taken together without
recognizing their different nutrient content and energy density as well as acceptability by the target
population), and (e) external validity of RCTs is low as effect size is limited (unless megadoses are
provided) and context affects nutrient needs, acceptance and compliance with the intervention, and
presence and influence of effect modifiers (e.g., sanitation, hygiene and subclinical infection).

Therefore, the emphasis on the causal paradigm is often counterproductive for guiding policy and
programming decisions for nutrition. Choice of interventions should be guided by a thorough situ-
ation analysis of the most likely causes of the specific nutrition problems among different subgroups
of the population, as well as a good understanding of what can be delivered to and accepted by the
target population, and include both nutrition-specific and nutrition-sensitive interventions. Analysis of
observational and surveillance data, including for concurrent trends overtime and across different
contexts, can provide important insights into what could work where, how and for whom.

Evaluating nutrition strategies and programs can be done in many ways and different designs
should be used for collecting evidence on implementation and impact, with special emphasis on
characterizing and assessing the role of context, which is a key to understanding the results.

Discussion Points

• Why can the evidence-based paradigm from medicine not be equally applied to nutrition?
• How can systematic reviews take the role of context into account?
• What evidence should governments require for choosing which set of nutrition-specific and

-sensitive interventions to implement to reduce stunting prevalence, and how should the impact of
an intervention package be assessed?

• If context plays such an important role in determining the impact of nutrition-specific and
-sensitive interventions, how can learnings from nutrition programs inform programming and
strategies in other countries and regions?
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Chapter 4
Developing Capacity in Nutrition

Jessica C. Fanzo and Matthew M. Graziose

Keywords Capacity development � Nutrition � Workforce � Training � Education
Learning Objectives

• Define capacity development in the context of nutrition service delivery.
• Understand why developing capacity in nutrition is necessary in the post-2015 development era.
• Understand the capacity gaps in global nutrition workforce at the individual, institutional, and

systemic levels.
• Describe the pros and cons of using competencies in education and training of the nutrition

workforce.
• Analyze key issues in monitoring and evaluating nutrition capacity development.

Building a Case for Nutrition Capacity Development

The Burden of Malnutrition

Despite remarkable progress, the world is still struggling to address the burden of malnutrition, which
is alarming in both scale and scope. Nearly every country is facing this burden, yet it is not evenly
distributed. In 2014, over half of all stunted children lived in Asia and over one-third lived in Africa
[1]. And, while several regions have halted the increase in childhood stunting, the Africa region has
seen the number of stunted children increase by nearly one quarter [1]. Even within countries there
are geographic and wealth disparities in the rates of malnutrition, with rural and poor children at
increased risk [2, 3].
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The prevalence of overweight, obesity, and diet-related non-communicable diseases (NCDs) is
also increasing in nearly every region of the globe [4–9]. In the United States and the United
Kingdom, the rate of adult obesity has tripled over the past three decades and today, obesity affects
nearly a third of the populations in these countries [4]. Between 1990 and 2014, the rate of childhood
overweight has increased drastically in Asia (22% increase and 4.9% prevalence) and Africa (91%
increase and 5.2% prevalence), and these regions now have nearly 30 million overweight children [1].
In addition, consumption of high-fat and high-sugar foods and beverages has increased in many
regions of the world [10], contributing to an epidemic of diabetes and other related NCDs [5, 6]. No
country has yet to reverse the increasing trend in overweight and obesity [7]. The new normal is
undernutrition and obesity coexisting within the same country, community, or even household [11–
13]. A concurrent, related challenge is that micronutrient deficiencies are also widespread, affecting
approximately one-third of the world’s population.

A Complex Nexus of Contributing Factors

The conceptual framework we use for understanding malnutrition categorizes causes as immediate,
underlying, or basic [2, 3]. In the coming decades, protecting nutrition will more than ever require
attention to the basic and underlying causes of malnutrition. Contributing to the already demanding
challenge of addressing malnutrition are several current and forecasted challenges including: climate
change; population growth; extreme poverty; energy-intensive dietary patterns; water scarcity; land
and natural resource degradation; rising prices of food, fuel and fertilizer; and political instability [14–
16]. These factors will contribute to a shift in the global burden of disease, both in type and locus, and
an increase in food insecurity in many parts of the world if we continue with business as usual.

There is growing recognition of the bidirectional relationship between climate variability and
agriculture, which affect health and nutritional status, commonly called the “diet–environment–health
trilemma” [17]. The links between climate change and nutrition can no longer be ignored and
represent a serious threat to food and nutrition security. Under these circumstances, the approaches
we use to improve nutritional status must also consider knock-on effects for the environment and vice
versa. Thus, the world’s greatest future challenge lies in ensuring access to healthy and nutritious food
for the world’s population, while concurrently reconciling environmentally sustainability [18].

Capacity Is Essential to Achieving International Goals and Targets

While the problem of malnutrition is complex, it is not intractable. There is a substantial scientific
evidence base describing the effectiveness of several nutrition-specific interventions that target the
immediate causes of malnutrition [19]. Although the global nutrition community still strives to better
understand the underlying and basic causes of malnutrition, a host of potential nutrition-sensitive
interventions have been proposed that, through affecting the direct causes of malnutrition, also
contribute to improving nutritional status through sectors such as agriculture, education, social
protection, and sanitation [20]. Similarly, a series of potential policies and programs have been
proposed as priority actions for addressing overweight, obesity, and NCDs [21].

A growing momentum for scaling up nutrition is built on back of this collection of scientific
evidence. Nutrition enjoys a high level of attention, committed funding, and recognition from donors,
country governments, businesses, and academia [22]. Several recent reports, including the 2008 and
2013 Lancet Series on Maternal and Child Nutrition, the annual Global Nutrition Report [23, 24], and
the Copenhagen Consensus outcomes on Malnutrition, and high-level meetings such as the Nutrition
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for Growth Summit in London (2013) and the Second International Conference on Nutrition (2014)
have solidified the consensus on the importance of and means to alleviate malnutrition. They have
also led to innovative investments and approaches such as the Scaling Up Nutrition (SUN) movement
and the 1000 days partnership.

Yet there is a lack of capacity to deliver on the promises that improved nutrition holds for the
world’s citizens, which has, to date, received scant attention. The growing political, institutional, and
organizational commitment in nutrition must be leveraged to develop capacities to deliver, scale-up,
and sustain interventions on the ground. We do not solely need “more studies and more data,” but more
and improved capacity to coordinate the successful interventions we have already identified [25]. As
the world begins to prioritize approaches to meet the Sustainable Development Goals (SDGs)—a set of
17 goals and indicators adopted by world leaders in September 2015—there is a need to re-think and
re-work how capacities to advance nutrition can be built to support policy, research, programming,
financing, and delivering of services to improve the livelihoods of people around the world [26–28].

The post-2015 development era is anticipating a “grand convergence” whereby new technology,
increased investment, and a solid evidence-base informs the scale-up of interventions to reach uni-
versal low rates of infant and maternal mortality [29]. Experts have cautioned that the grand con-
vergence is only possible by narrowing the delivery gap—the divide between the types of interventions
known to be effective and those actually being delivered [30]—with attention to the major challenges
ahead and the growing burden of obesity and diet-related NCDs [31]. Closing the gap and addressing
emerging complex challenges of the food environment and obesity pandemic will take keen attention
to the capacities of those at the frontline of interventions. The global nutrition community now finds
itself in a critical inflection point, with donors, governments, civil society, and the private sector
focused on using momentum to significantly expand the host of evidence-based nutrition interventions,
yet this expansion cannot happen or will fail if it is not accompanied by attention to the capacities of
individuals and institutions to support the targets, programs, and agendas that have been put in motion.

Defining Capacity Development

The definitions for capacity development are numerous and the term is oftentimes used inter-
changeably with others such as “capacity building,” “training,” “institutional building” “institutional
development,” or “organizational development.” A common element of most definitions is the act of
achieving stated objectives [32–43].

Throughout this chapter, we use a simplified definition for capacity development: the process
through which individuals, organizations, and societies obtain, strengthen, and maintain the skills
and capabilities to set and achieve their own development objectives over time.

Capacity development in nutrition refers to strengthening the delivery of essential nutrition ser-
vices, which is defined as “the encounter between individuals who require nutrition services and those
tasked with delivering them” [44]. However, it is widely acknowledged that this process goes beyond
simply the training of those individuals, requiring supportive structures and systems for service
delivery. Inherent to this definition are the three levels of capacity development [36]:

1. Individual: the knowledge, attitudes, tools, and skills necessary to perform nutrition-related work;
2. Institutional/organizational: the staff, infrastructure, access to information, and support necessary

to manage the delivery of nutrition services;
3. Systemic: the structure, frameworks, sector policies, and roles within which nutrition services are

delivered.

In the next section, we summarize the existing sources of data, both quantitative and qualitative,
regarding the current status of nutrition capacity.
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Assessing Nutrition Capacity

Our ability to characterize nutrition capacity is limited by the lack of formal assessment methods.
While several frameworks have been proposed, few authors have utilized these in a systematic
manner to identify capacity gaps [23, 32, 35, 42, 43]. Given that these frameworks have not been
consistently operationalized, there is limited ability to compare and contrast capacity across disparate
contexts and before- and after-training interventions. There is also is a lack of information on the
relationship between the three levels of capacity and how they relate to service delivery [43].

Global Health Workforce and Capacity to Deliver Nutrition Services

Health workers are a major component of human resources for health and are essential for the
delivery of most, if not all, health and nutrition interventions. Broadly defined, health workers are
individuals who are “engaged in actions whose primary intent is to enhance health” [45]. While there
is no agreed upon definition as to what constitutes the nutrition workforce, for the purpose of this
chapter we similarly define nutrition workers as those who are involved in the delivery of nutrition
services. Multiple approaches have been used to estimate current capacity gaps in the broader
healthcare workforce (Table 4.1) that can likewise be used to estimate requirements for a nutrition
workforce, each with their own advantages and disadvantages. However, the lack of a consistent
definition for the nutrition workforce remains a challenge for accurately characterizing capacity to
deliver nutrition services and most of the existing data is focused on the traditional health workforce.

Determining the size of the workforce is an integral first step to assessing capacity. The World
Health Organization (WHO) currently maintains estimates of the global health workforce, including
physicians, dentists, nurses, midwives, and other healthcare workers, as part of its Global Health
Workforce Statistics [45]. For example, there are currently an estimated 1.3 million community health
workers across the globe, though this is likely an underestimate given the gaps in the number of
countries reporting data [38]. Besides data gaps, these estimates are also subject to several limitations,
such as disparate data collection methods used across countries and different definitions for health
occupations.

Yet it is currently impossible to determine the size of the global nutrition workforce, as these data
do not exist across all countries. Within the WHO database, the numbers of nutritionists per country
are aggregated and categorized within “other health service providers,” which include many disparate
health occupations, such as ambulance workers, medical assistants, and medical imaging technicians,
among others. The Service Availability and Readiness Assessment (SARA), also collected by the
WHO, quantifies the number of health facilities and the healthcare workforce within a country.
However, relatively few of these assessments disaggregate the number of nutritionists (for example,
the 2013 report for Kenya shows that there are a total of 496 nutritionists in the country, or 0.12 per
10,000 citizens). Even the number of rural workers rooted in the agriculture sector (i.e., extension
agents), who are increasingly involved in delivering nutrition services, is not well characterized [47].

Despite these data gaps, there is good reason to believe that access to human resources are a
valuable proxy for nutrition capacity, given that many of the nutrition-specific interventions are
incorporated into the traditional healthcare model. A previous cross-country analysis has found that
access to health services is among one of the strongest predictors of nutritional status [48].
Additionally, in an ecological study of 118 countries, researchers have estimated that increasing the
density of health workers by 1% is associated with a 0.47% reduction in maternal mortality and a
0.23% reduction in infant mortality [49]. In Fig. 4.1, we present the relationship between health
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Table 4.1 Approaches to estimate workforce requirements in the nutrition sector

Approach Description Data requirements Pros Cons

Demand-based An estimate of
workforce requirements
is obtained after
accounting for projected
population growth and
demographic shifts and
the associated burden of
malnutrition

Epidemiological and
demographic trends

Potentially
independent of
the way
nutrition
services are
currently
delivered

Often nutrition
needs are
determined by
experts and may
not reflect needs
perceived by the
population

Supply-based An estimate of
workforce requirements
is quantified based on
the current burden of
malnutrition in the
population and the
programs in which
workers are educated
and trained

Number of
education/training
programs and their
graduation/completion
rates

Can consider
productivity
and skill-mixes
of the
workforce

Assumes a
consistent demand
for nutrition
services

Worker-to-population
ratio

Using a reference
country or region, an
adequate nutrition
worker: population ratio
is estimated and used as
the criterion

Census of nutrition
workforce

Easy to
understand and
use as an
advocacy tool

Ignores changes in
workforce quality,
performance or
distribution

Service targets An estimate of
workforce requirements
is obtained based on
what is considered
necessary for the
delivery of essential
nutrition services

Nutrition-specific
intervention coverage
data

Identifies
necessary
competencies
for the
workforce

Likely to result in
unrealistic targets

Adapted from Amorim Lopes et al. (2015) [46]

Fig. 4.1 Relationship between stunting among children under 5 years of age and density of health workers (nurses,
physicians, community health workers, and other health workers [includes nutritionists]). Source the authors analysis of
2014 World Health Organization data
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worker density and rates of stunting among children less than 5 years of age for the 56 countries
reporting both indicators in the WHO database.

Using a demand-based approach to estimate workforce requirements, many experts agree that the
world is experiencing a massive shortage of health workers, potentially in excess of 4 million
individuals [50]. Among countries in sub-Saharan Africa, the estimate of the gap is 800,000 health
professionals (including doctors, nurses, and midwives), at a cost of $2.6 billion in wages, to meet
projected demands [51]. Using a worker-to-population ratio in Bangladesh to approximate demand, it
was estimated that 1.28 million community health workers would be required to expand coverage for
nutrition services across the nation [52]. Although investments in human resources are crucially
needed, they cannot happen without systematic assessments of the health needs of the population and
subsequent examinations of the quality and efficiency of health workers to determine where, why, and
when they are needed.

A service-target approach can also be used to estimate workforce requirements. This approach
relies on an indicator of coverage—or the proportion of individuals reached by a service or program.
Although these data are scarce, the most expansive set of nutrition-specific coverage indicators,
amassed in the 2014 Global Nutrition Report, provides further evidence of the delivery gap [23]. The
report tracks the coverage of several nutrition-specific interventions and prevalence rates of certain
nutrition practices including: early initiation of breastfeeding, exclusive breastfeeding rates up to
6 months, continued breastfeeding at 12 months, vitamin A supplementation for preschool-age
children and iron-folic acid supplementation for pregnant women. Only one country in the world
exceeded 50% coverage for all interventions/practices among the intended target populations. While
coverage data characterizes the prioritization of nutrition services, it does not tell us whether the
capacity is external—funded by donors—or internal, and likely more sustainable, to a country. The
service-target approach may result in unrealistic estimates and, while it may highlight priority areas
for action, it does not identify the optimal strategies for use across disparate contexts to promote
nutrition practices or provide essential services.

Workforce size and intervention coverage also tell us nothing about the quality of service delivery.
Effective coverage must be the end goal, where those in need have not only the access to essential
nutrition services, but also access to effective essential nutrition services [23]. This can only be
achieved through a high-quality workforce. There are several factors that are likely to contribute to
the quality and performance of the healthcare workforce including balanced workload, proper
supervision, adequate supplies, and equipment, and respect from the community and the health
system [53].

Several other indicators are relevant to describing performance of health workers including the
workforce distribution and skill-mix. The draft report of the 2030 Global Strategy on Human
Resources for Health identifies gaps in the size, quality, and geographic distribution of the healthcare
workforce as one of the primary challenges to global health [54]. Presently, the workforce is
unequally distributed across rural and urban locations and between public and private institutions
[50]. As a result, several regions, particularly the rural poor areas, suffer the worst effects of inad-
equate or no access to care. Distribution of the workforce also refers to the proper mix of skills within
an individual and within the team in which she/he works. Ensuring the proper skill-mix results in an
improvement in the quality of service delivery while minimizing the cost at which they are delivered.

Assessments of Multi-country Nutrition Initiatives

Capacity development has been central to the approach of several multi-country nutrition scaling
initiatives, yet recent evaluations have identified capacity as a key bottleneck.
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• The SUN movement has been successful in providing opportunities for coordination and col-
laboration in-country on the delivery of nutrition services [55]. Notwithstanding the successes, the
issue of weak capacity was noted several times in a consultation with stakeholders from six
exemplar SUN countries—Bangladesh, Nepal, Indonesia, Ethiopia, Nigeria, and Kenya. Weak
capacity was often caused by inadequately qualified personnel and front-line staff, with high
employee turnover [43].

• The Mainstreaming Nutrition Initiative—a three-year project funded by the World Bank from
2006–2009 to raise the profile of nutrition in Bangladesh, Vietnam, Bolivia, Peru, and Guatemala
—identified several factors which are likely to hamper the delivery of nutrition services, including
staff and supervisory workload, poor remuneration and job satisfaction, lack of mastery of tools
and skills for new interventions, and limited financial resources. Several of these countries have
sought multi-sectoral approaches to address malnutrition, yet are constrained by: underdeveloped
staff and infrastructure; weakness in horizontal coordination and vertical coordination; and poor
performance and workload capacity for basic program planning, management, and monitoring and
evaluation [56].

• The United Nations REACH program combines the expertise of the World Food Programme
(WFP), United Nations Children’s Fund (UNICEF), Food and Agricultural Organization (FAO),
and the World Health Organization (WHO) to develop human and institutional capacities for
nutrition services in the countries in which it works. Between 2008 and 2015, the program had
been operating in 20 countries, yet an external evaluation found that the program was undefined in
its theory of change regarding capacity, conflicted between a focus on exclusively mobilizing
partners to provide technical capacity inputs or to itself playing a direct role in addressing capacity
gaps [57].

• In order to understand capacity to deliver behavior-change communication interventions to pro-
mote infant and young child feeding practices, Pelto et al. (2015) surveyed international orga-
nizations currently operating in developing countries (including CARE, HKI, Alive and Thrive,
JSI, CRS, World Bank, UNICEF) [58]. In terms of institutional support for such interventions, the
authors found that less than half of organizations provided technical or financial support for
evaluation activities and only a third routinely offered re-training opportunities for their work-
force. In addition, few organizations had ongoing activities to communicate with or directly
influence policymakers.

In the following sections, we focus specifically on what is known about capacity among countries
in Africa and Asia because of the high burden of malnutrition with modest progress and the per-
vasiveness of outdated educational curricula and training schemes. These regions thus require new
and innovative approaches to build capacity.

Nutrition Capacity in African Countries

Africa is experiencing a health paradox: it has the highest burden of disease per capita, yet simul-
taneously has the lowest ratio of health workers to its population. While the health challenges for
Africa are broad, recent assessments of health facilities in Africa highlight the lack of capacity for
delivering essential nutrition services, especially essential maternal, newborn, and child health ser-
vices. A survey of health service facilities in Burkina Faso, Mozambique, and Niger found that,
across all three countries, there were gaps in the nutrition and dietary assessments of prenatal women,
counseling on breastfeeding, and monitoring of child growth [59]. A more recent situation analysis
examining infant and young child nutrition services in Burkina Faso, Chad, Mali, Mauritania, Niger,
and Senegal found that the majority of programs in these countries had targeted vulnerable
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populations but had not yet reached a national level of coverage [60]. There was also a lack of
institutional support for the capacity of community health workers, including inadequate and
out-of-date training materials.

A major concern for the African region is that the education and training of the nutrition workforce
has not kept pace with the health needs of its population [61]. Across the region, there is limited
readiness to scale-up nutrition services and an insufficient human resource capacity for public health
nutrition, with a shortage of staff, lack of degree programs, and poorly focused nutrition training [62].
In a landscape analysis of existing academic training programs within 16 West African countries,
Sodjinou et al. (2014) identified a total of 83 programs at the undergraduate, masters, and doctoral
level, which were confined to 10 countries [63]. Half of the countries surveyed do not have any
existing undergraduate nutrition degree-granting programs. Within the existing academic programs
there is a failure to provide a comprehensive approach to teaching all aspects of nutrition, with little
focus on public health nutrition or obesity and NCDs, and few opportunities for practical experiences
[63–65]. Several of the countries surveyed currently offer training programs, yet they are often
narrowly focused and short in duration [65]. Even the countries with adequate training programs fail
to produce enough graduates in the field of nutrition to support their needs; for example, in 2012 the
region graduated about 517 individuals at the undergraduate level, which is well below a conservative
estimated requirement of 2028 [63]. The shortage of a workforce and the lack of up-to-date curricula
are not isolated to the nutrition field; it also appears pervasive throughout the health sector [66, 67].

Academic research output is also indicative of nutrition capacity in Africa. Two recent bibliometric
assessments of literature originating from Africa have found that, overall, there is a dearth of pub-
lications originating from institutions in Africa and few that examine key topics in public health
nutrition [68, 69]. In addition, less than 40 articles per year are published from the West African
region and a majority of publications are co-authored or have a lead-author from an academic
institution from outside of the continent. An additional challenge to supporting homegrown nutrition
research is the lack of institutional review boards to govern the ethical review process [69]. Although
publications are merely one product of research that may not accurately characterize the process of
training researchers and practitioners, it belies an institutional failure to provide adequate funding and
training to sustain homegrown leaders in the field of nutrition [70, 67].

Nutrition Capacity in Asian Countries

The Asia region, too, is devoid of a developed workforce that is adept at delivering essential nutrition
services. Shrimpton et al. (2013) describe the findings of three recent assessments of nutrition
capacity in Bangladesh, Nepal, and Indonesia for the UNICEF East Asia and Pacific Regional Office
[52]. None of these countries are implementing behavior change communication on infant and young
child feeding interventions at a national scale, which is due in large part to a shortage of a workforce
to deliver these essential services. At the workforce level there is a critical need for competencies,
preparation, on-the-job training, and materials (assessment materials, instruments, and curricula). At
the organizational level, there is limited coordination, sensitivity to nutrition, and access to nutrition
epidemiological information. Across these countries there are few nutrition champions who are
trained to spearhead projects, inspire others, and work as part of a team.

India suffers a huge deficit of healthcare workers, including nurses and doctors. According to a
recent census of healthcare personnel, more than a third of the health workforce, and up to two-thirds
of workers in rural areas, was deemed unqualified [71], although this census was not sensitive enough
to determine the extent of nutrition workers [71]. A potential contributing factor is a poor focus on
training and educating a workforce for nutrition. In a survey of 190 institutions in India, Khandelwal
et al. (2012) found that few higher education institutions are focused on nutrition. Nutrition has
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historically been tied to home science (e.g., home economics) and, while most offered food and
nutrition science degrees, only 4 institutions within the country offered a public health nutrition
degree. Presently, India allocates little financial support to education (3.2% of GDP) and there is a
lack of institutional research funding for public health nutrition [72].

One study examined the institutional research capacity in India, Pakistan, Bangladesh—three
countries participating in the Leveraging Agriculture for Nutrition in South Asia initiative, a research
consortium [73]. One of the main challenges to delivering nutrition services experienced in India was
the high turnover rate of bureaucrats in government, leading to a lack of capacity on nutrition.
Similarly, a lack of integration between nutrition programs within different ministries was noted as a
barrier in Pakistan. Across all countries, there was a lack of understanding of nutrition among
policymakers and inefficient knowledge transfers between levels of government for implementing
nutrition services. Individual leadership represents an important means to raise the profile of nutrition
within countries and to advocate for attention to the problem.

A situation analysis of the graduate-level academic training for nutrition in Iran [74] found that the
nutrition community was small and narrowly focused, unable to appropriately address the nutrition
needs of the nation. In addition, the authors conclude that the training programs that do exist are not
properly focused on the breadth of technical expertise necessary to develop effective program
managers who can successfully participate in intersectoral programming.

Capacity for Addressing Obesity and Non-communicable Diseases

While capacity to alleviate undernutrition has received some attention, as the above reviewed liter-
ature shows, capacity to address overweight, obesity, and NCDs has also been the subject of some
assessments. In 2010, the WHO conducted a survey to assess capacity to prevent and control NCDs
within 185 countries [75]. While most countries reported having a unit or branch dedicated to NCDs,
12% had no funding stream and cited concerns about the number and quality of staff. Low-income
countries, particularly those in West Africa, were more likely to report gaps in funding of NCD
prevention and control [76]. International donors were cited by 56% of countries as a major funding
stream. The key to addressing the challenge of NCDs includes the ability to conduct effective
surveillance of the population-level risk factors of NCDs—only 25% of countries have conducted
surveys of blood lipids and only 36% have conducted surveys of diet since 2007.

The WHO 2016 Global Report on Diabetes examines the world’s capacity to respond to the
diabetes epidemic [77]. Although 85% of countries have existing policies and plans for diabetes
(stand-alone or integrated with those for NCDs generally), there is a huge disparity in the types of
countries that are implementing these policies. For example, just over 30% of low-income countries
reported fully implementing diabetes guidelines as compared to over 60% of high-income countries.
Only half of low-income countries reported an availability of blood glucose monitoring equipment, an
essential technology for diagnosing and managing diabetes. Across all countries surveyed, less than
half had a proper national surveillance system to track epidemiological trends in disease rates and/or
assess the impact of large–scale interventions.

The Lancet Series on Obesity confirms that the education and training of medical professionals and
heath sector personnel are poor with respect to the prevention and treatment of obesity [78]. The
authors conclude that clinical treatments currently in use for obesity will not be effective unless
accompanied by community-based initiatives that promote supportive environments and sustain
weight loss. In other words, prevention of overweight and obesity is not just a matter of the health
care sector and nutritionists, but also of professionals involved in physical activity, city design, food
industry, etc. Especially among low- and middle-income countries, there is little attention to nutrition
education of medical professionals and the creation of multi-sectoral teams focused on prevention and
management of overweight, obesity, and associated NCDs [78–80].
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Developing Capacity in Nutrition

Building on What We Know

The assessments summarized in the previous section provide evidence of a failure to systematically
examine and address nutrition capacity. The recognition that the world lacks capacity in the nutrition
workforce is important to provide rationale and motivation for change, but it does not in itself identify
the appropriate strategies to remediate the problem. Likewise, the calls for attention to capacity in
nutrition are not new; the inability to effectively translate scientific knowledge from the field of
nutrition to action on the ground was identified by Alan Berg, who in 1993 suggested that the
nutrition field requires an “engineer”-type position that has a varied skill-set and is able to trou-
bleshoot nutrition problems on the ground [81]. The notion that the field of nutrition lacks a focus on
problem solving in multiple, diverse settings still holds true today. Across the globe, there are several
commonalities in the types of nutrition capacity gaps experienced.

First, there is a dearth of high-quality training for those on the frontline of service delivery [82, 83].
Gillespie et al. (2013) argue that it is no coincidence that the regions with insufficient nutrition service
delivery are those that lack appropriate academic curricula and high-quality training programs [43].
Africa and Asia, in particular, suffer from outdated training and assessment materials, lack of prac-
tical, hands-on training, and poor academic focus on public health nutrition. There is no authoritative
source of information pertaining to the education of the workforce globally, and, in institutions that
offer nutrition education programs, what is being taught is often poorly or narrowly focused [70].

Second, there is a lack of leadership and advocacy skills training [43]. There are few in-service
training programs for nutrition graduates, especially ones that focus on building advocacy skills to
challenge ministers and policymakers to create supportive policies and funding streams [52].
Nutrition professionals are not taught how and when to engage champions and policymakers, what
tactics to use, and how to balance potential conflicts of interest. If this training and learning does take
place, it is often ad hoc, taught by managers on-the-job without direct incentives to do so.

Third, there is a lack of understanding how to foster multi-sectoral collaborations [56], which stem
in part from poor training of the nutrition workforce to work as part of a multidisciplinary team. The
complex challenge of addressing malnutrition and the interrelated and forecasted issues requires
different skills sets than the ones on hand to today. There is a need to draw upon multiple areas of
expertise and to engage other sectors like agriculture, social protection, infrastructure, and sanitation.
With the understanding that challenges to nutrition can be mediated by actions from the private
sector, greater collaboration between public and private sector actors should be encouraged, with keen
attention to the role of regulatory bodies.

Because nutrition is an issue with massive implications for the health of populations and the
development of all nations, it is imperative that attention and investment in nutrition capacity
development be advanced so that the world may reach post-2015 era goals and targets. Discussions
about capacity development, however, cannot take place in isolation; the individual cannot be con-
sidered separately from the institutions and organizations to which the responsibility of educating and
training fall or, more importantly, the policies, structures and systems that govern the process. Central
to this challenge is the need to foster an appropriate “skill-mix” among the nutrition workforce, both
within individuals and the teams in which they work. In the following sections, we describe
approaches to develop capacity at the three previously defined levels, which are informed by what is
currently known about nutrition capacity gaps.
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Approaches to Develop Individual Capacity

The very existence of this book, and indeed this chapter, is evidence of the attention to developing
individual-level capacity in nutrition. The importance of this level of capacity cannot be overstated, as
those who operate on the frontlines of intervention delivery often are the primary contact with
nutritionally vulnerable populations. This includes those who are providing nutrition services directly,
such as community health workers, doctors, nurses, midwives and nutrition educators, and also those
who are operating within nutrition-sensitive approaches, including agricultural extension agents, child
development practitioners, and social protection liaisons. Addressing individual capacity will take
innovative approaches keen to the needs and desires of those at the frontline.

The emphasis on developing a front-line nutrition workforce, distinct from the clinically orientated
workforce, is an implicit recognition that preventive, population-based approaches are required to
address malnutrition in all its forms [38, 84]. To ensure that individuals are successful in this work,
we need to thoroughly define what it entails, as well as how it complements existing clinical practice,
and the required competencies, knowledge, skills, and attitudes [38, 84]. To maximize the impact of
current and future investments in nutrition, a comprehensive, multidisciplinary approach to education
and training of the workforce is necessary, embedded within a supportive organizational and systemic
capacity to forecast and address new challenges. In the sections below, we summarize the strategies to
develop individual-level capacities in the post-2015 development era.

New Knowledge and Skills to Address Post-2015 Challenges

There is broad agreement on several ongoing and future challenges requiring a highly skilled
workforce for nutrition, including a growing burden of overweight, obesity, and NCDs; industrial-
ization of the food chain; population growth; and climate change. These challenges necessitate a host
of new knowledge and skills, particularly for those responsible for implementing and delivering
high-quality nutrition interventions and services. This “program manager” position requires technical
knowledge or hard skills in nutrition (e.g., basic nutrition science, climate change, quantitative
analysis) as well as soft skills (e.g., communication, advocacy, management, and team-building skills
across disciplines).

A new cadre of program managers in the post-2015 era will need to understand and apply systems
thinking to all facets of nutrition-related programming (e.g., intervention design, implementation,
monitoring and evaluation). They must draw on expertise and best practice to assess epidemiological
changes, trends in urbanization, and risks of climate shocks or price changes. Program managers will
be faced with seemingly competing demands, such as the need to address both the challenges of
undernutrition and of overweight and obesity within the same geography. They must understand how
to better link the current health systems for treatment of diet-related diseases such as diabetes and
hypertension, while simultaneously addressing a food environment that may yet provide limited
access to safe and nutritious foods.

New Ways of Working with Other Disciplines

The modern day nutrition challenges will require multi-sectoral solutions suited to the local context
and include close collaboration with actors from many sectors, such as agriculture, food science,
health, education, social protection, anthropology, engineering, and sanitation [85]. In this transdis-
ciplinary space, nutrition professionals need to be fluent in discussing the concepts and constructs of
other disciplines in order to effectively engage with decision-makers in other sectors, and seize
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opportunities to influence policies and programs. Creating mutual understanding towards an aligned
commitment takes openness, dialogue and time to develop.

Program managers will have to facilitate both horizontal (e.g., across sectors) and vertical (e.g.,
from national to district and community levels) coordination in order to effectively deliver nutrition
services [86]. For this, they will need to be adept at building and guiding multidisciplinary teams and
ensuring that nutrition outcomes and impacts are prioritized or included, as is relevant, for the
program and desired outcome. One example of a country that has sustained a successful
multi-sectoral approach is Nepal, where attention to the organizational structure has allowed for the
creation of cross sector teams who work on nutrition-sensitive approaches [38].

The nutrition workforce is increasingly tasked with collaborating with the traditional health sys-
tem. To ensure that the work of frontline nutritionists is valued, there is a need to revise the existing
training and education schemes of doctors, nurses and other medical professionals to be more aware
and pro-active about nutrition [87]. This approach will give rise to teams who work together on the
design, implementation and evaluation of nutrition interventions and thus have an appropriate mix of
skills to address post-2015 challenges.

Curriculum and Credentials for Development Needs

By defining the knowledge, skills, and attitudes necessary to be effective in a given profession,
competencies provide a framework for developing a workforce [84, 88]. Assumptions associated with
the use of competencies are that they have broad applicability and that they represent aspirations for
the field, reflecting the work needed rather than what already exists [84, 88]. We summarize several
competencies that may govern the capacity development of the nutrition workforce.

• Hughes et al. (2012) identified a competency framework for effective public health nutrition
practice. The authors identified several enabling knowledge and skills that are likely necessary for
this type of work: biological, economic, political, behavioral, environmental, and social sciences
[84, 88, 89].

• The Society for Nutrition Education and Behavior (SNEB) proposed a set of competencies that
define an effective nutrition educator. These encompass: food and nutrition knowledge; nutrition
across the lifecycle; food science; physical activity; food and nutrition knowledge; agricultural
production and food systems; program design, implementation and evaluation; behavior and
education theory; written, oral, social media communication; and research methods [90].

• Meeker et al. (2013) developed a competency framework to describe the skills required for
emergency nutrition preparedness, response and recovery, which has since been adopted by
several international non-governmental organizations including Concern Worldwide, World
Vision, Valid International and International Medical Corps [91].

• Competency-based approaches have been sought for the education and training of medical pro-
fessionals to include a focus on nutrition science and practice [79, 80]. These include topics and
skills likely to complement existing medical practice, such as diet/physical activity assessment;
critical care; referrals to a registered dietitian; and/or nutrition in health promotion [92].

Competency-based training and education are not without controversy. We highlight the debate
around competency-based approaches in Table 4.2. A primary concern lies in the priority of local
knowledge for local solutions—where institutions guide the development of training and education
programs with the recognition that effective solutions may come from already existing wisdom and
that there is no one-size-fits-all approach. One way to ensure that programs are guided by the needs of
society and are continually updated to reflect new nutrition challenges is to provide students with
practical and hands-on training through direct exposure to ongoing nutrition interventions occurring
on the ground (e.g., “learning by doing”).
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Regardless of the use of competencies, there is consensus on the need for revised program
curricula for training and credentialing the nutrition workforce. For those enrolled in formal
pre-service nutrition education programs, several areas of study appear necessary, including nutri-
tional biology and biochemistry, nutrition assessment, epidemiology, statistics, program management,
analysis and writing, leadership and advocacy and negotiation, behavioral science, communication,
and ethics. To foster multi-sectoral engagement and teamwork, those in formal nutrition programs
should be required to include courses in agriculture, food systems, environment, toxicology,
ethnography, economics, climate change, and/or urbanization.

Informal education and vocational training of the nutrition workforce is important for those outside
the net of formal education programs. Vocational and community schools can offer certificates and
short course trainings, but more frequent and more in-depth opportunities to build both applied
program and teamwork skills should also be provided. This could take the form of expanded
in-service (or “on-the-job”) trainings, network meetings to build skills, massive open online courses
(MOOCs) or case studies. Certified refresher courses and employment-links could also be offered to
the workforce. Community health workers and other front-line workers would be more likely to take
on the shorter trainings and enroll in local vocational schools. A continuing challenge is the devel-
opment of course material that is relevant, well-managed and maintained.

Advocacy and Leadership

Leaders within the nutrition community currently struggle with how to use narratives and storytelling
to transfer knowledge and skills that both motivates and assists community leaders and potential
nutrition champions to effectively influence policymaking. Skills, such as relationship management,
giving compelling presentations, communications, and advocacy, are needed in order to effectively
influence policymaking and should be institutionalized and incorporated into education/training
programs at universities. Communicating for influence and advocacy is often more art than science,
and is developed over time through repeated experiences. Mentoring appears one promising approach
that could support the transfer and development of these soft skills necessary for the frontline
workforce.

Potential training components for high impact communications, influencing and obtaining
stakeholder buy-in might include: (a) preparation: policy and stakeholder analysis and assessment and

Table 4.2 Arguments for and against the use of competencies in education and training programs for nutrition workers

Supporters say that competencies… Detractors say that competencies…

Individual-level

Foster accountability and consistency in the delivery of
services

Lead to a “race to the bottom” in that workers will only
meet prespecified competencies and no more

Enable transdisciplinary teams where workers
complement each other based on their defined
competencies

Cannot capture much of what makes workers
successful in teams (e.g., how do we define
leadership?)

Prevent overlap across disciplines/sectors by using
clearly defined roles

May result in a “checklist” form of work, where
workers create routines do not stray from them

Institutional-level

Lead to clear, student-centered learning goals Create a “teaching to the test” mentality in education

Create clarity in role/job specifications Lead to simplistic assessments of learning/mastery in
roles

Create equity across the discipline for learners of all
backgrounds

Leave little room for innovation, diversity or
contextual adaptation

Adapted from Hughes et al. (2012) [88]
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understanding implications of policies on nutritional outcomes (positive, negative, or neutral);
(b) understanding of the political economy and languages of other sectors; (c) understanding target
audience needs, incentives, and rewards so as to proactively guide them in making nutrition-related
decisions; (d) building and delivering influential presentations; and (e) leveraging partners to deliver
and reinforce messages and creating buy-in and ownership of nutrition-sensitive actors.

One example of a highly regarded leadership program is the African Nutrition Leadership
Programme (ANLP)—a 10-day intensive program that develops transformational leadership capa-
bilities aimed at improving the delivery of programs and services and at accelerating the impact of
nutrition interventions. To date the ANLP has 325 alumni networked across 34 African countries.
Content covered by the program includes, among others: change leadership; self-awareness; com-
munication; value-driven teamwork; team effectiveness; managing resistance to change; advocacy;
results-oriented action planning; gaining stakeholder commitment; and continued personal and
institutional growth and development [93].

Innovative Approaches to Education and Training

Training programs can be broadly distinguished as “in-service” or “pre-service.” While an appro-
priate mix of both types of training is necessary, in-service training represents an opportunity to
increase the skills and knowledge of those at the periphery of the health sector, who have not had
formal pre-service education and training prior to working in a position that focuses on nutrition [84].
A 2013 systematic review of in-service nutrition training programs for community health workers
concluded that such programs increase the knowledge, competence and self-efficacy of those
delivering interventions [94]. Although little is known about the optimal duration or delivery platform
for training programs, a practical approach appears to be providing a series of booster sessions at
fixed intervals to augment and refresh the training content [95].

Below, we provide several examples of training programs for nutrition professionals that utilize
novel platforms or innovative content.

• The eNutrition Academy is a global training platform founded by the African Nutrition Society,
the American Society for Nutrition, the Federation of African Nutrition Societies, IUNS and the
Nutrition Society of the UK and Ireland. The academy aims to build the capacity of institutions by
providing access to high-quality education and training resources. For example, the academy
provides access to several MOOCs through its website [96].

• The UK Department for International Development and Irish Aid have supported the London
School of Hygiene & Tropical Medicine to deliver two masters-level open-access online training
modules called: Programming for Nutrition Outcomes and Agriculture, Nutrition and Health. By
June 2015, these modules had been accessed by over 30,000 people in over 150 countries [97].

• The Food and Agriculture Organization (FAO) has recently developed the ENACT course which
introduces participants to the principles and practice of “education for effective nutrition in
action.” It is designed for undergraduate students and professionals in agriculture, nursing, health
services, or related nongovernmental organizations. The course provides skills to encourage
long-term improvements in diet through an active approach that accounts for needs of the audi-
ence and environmental constraints [98].

• One training program administered via the Aga Khan Development Network (AKDN) is designed
to improve the delivery of integrated nutrition and early child development interventions [95]. The
five-day training for community health workers provides experience and best practices regarding
strategies that encourage families to adopt behaviors that support both the physical growth and
cognitive development of children. This represents a paradigm shift from trainings that have
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historically been delivered via only one sector and did not take advantage of synergies in an
integrated delivery mechanism.

• The mHealth or mobile-health revolution has also engendered novel approaches to training and
education using new technologies as the delivery platform, including the Internet, mobile phones,
and MOOCs [99]. Many examples are rooted in the traditional health system, such as the use of
SMS messages to deliver medical abstracts to practitioners, or the use of technologies primarily as
data gathering instruments.

Approaches to Develop Institutional Capacity

Given that it is unlikely that investment in knowledge is all that is required for capacity development
[100], institutional capacity is needed to sustain the momentum in nutrition capacity, so that training
and education initiatives are institutionalized and sustained [101]. Approaches to develop institutional
capacity focus on the staff, infrastructure, access to information, and supports necessary to manage the
delivery of nutrition services.

Coordinating bodies for education and training are necessary to support and sustain new initia-
tives, which are necessary not only at the international level but also at the provincial, district, and
community levels. United Nations agencies can meet a crucial need by establishing normative
guidelines and providing technical support for such programs. Institutions such as World Food
Programme, United Nations Children’s Fund, and Helen Keller International also have the potential
to institutionalize trainings on certain topics and skills. The SUN movement and other cross-national
initiatives should include investments in continuing education for nutrition. The SUN, by facilitating
cross-sector engagement, also has a unique opportunity to foster networks for program managers and
frontline staff for sharing experiences and best practices.

One recommendation to build institutional capacity that has reached widespread consensus is the
establishment of a North–South and South–South consortium of universities [102]. This consortium
could meet, discuss, and formulate a universal core set of competencies and curricula for the nutri-
tional professional who does research and development in the context of future challenges and
opportunities. This would involve an exercise to map current gaps and to predict future needs of a
nutrition professional workforce so that training institutions start to offer courses and revised curricula
that will support these needs.

Those entering the nutrition workforce desire to be valued by their institutions, and need to be
confident that they will have a career with opportunities for advancement and remuneration. As many
positions within the nutrition field are temporary consultancies, this may be a challenge. Institutions
can focus on ensuring that salaries meet expectations and providing nonmonetary incentives and
benefits that are responsive to the desires of their workers, including a focus on health promoting
activities for their own employees. This may also require thinking about nutrition careers beyond
nongovernment organizations and academia, and also to engage the private sector, as a potential area
of growth for many working in food, agriculture, and nutrition.

For institutions to support capacity development it must be explicit in their mission statement, not
conflict with other priorities or financial commitments and be aligned with existing incentives pro-
vided by institutions [32, 35]. Performance-based incentives are increasingly used to increase the
productivity of the health workforce. These approaches provide explicit incentives to act, such as cash
provided based on prespecified performance outcomes. Several development agencies have adopted
this approach, including the World Bank and the United Kingdom Department for International
Development (DFID) [24]. In Bangladesh, programs led by BRAC and Alive and Thrive have
provided incentives to frontline workers linked to breastfeeding and complementary feeding
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behavior-change outcomes, which resulted in increased coverage rates and adoption of target
behaviors [103]. Incentives can similarly be provided to individuals who attain additional credentials
or participate in in-service training programs.

Approaches to Develop Systemic Capacity

The goal of developing systemic capacity is to define a set of structures, frameworks, sector policies,
and roles that are ultimately supportive of nutrition services and contribute to their sustainability.
Building a workforce for nutrition is not only a technical challenge; the series of decisions that govern
the capacity development of individuals is inherently a political process. The ability to carry out
stated objectives—in this case the evidence-based solutions to malnutrition—relies on focused
attention to capacity development by stakeholders in civil society, UN organizations, foundations,
development banks, businesses, and academia.

Systemic capacity is akin to creating an enabling environment for nutrition—one that supports and
sustains momentum for the effective implementation of actions that alleviate malnutrition [43, 104,
105]. This is a nascent area of work, which only recently has been subject to coordinated approaches.
There are several indicators of systemic capacity that can be used to assess progress in this area [106].
First, capacity development must be a stated commitment of those in leadership positions, with
transparency in the use of financial, human, and physical resources. Second, there must be a cohesive
set of policies that support the development of capacity, without unnecessary administrative or
bureaucratic burden. Third, there must be intersectoral forums created for decision-making across
sectors with public, private, and nongovernmental institutional involvement. These three factors are
indicative of progress in systemic support for nutrition capacity and, although there are hints of
progress in this area, there is much more work to be done.

More broadly, the approaches we suggest for training and education require a system that prior-
itizes monitoring and evaluating capacity development outcomes. Discourse about capacity is often
hidden because it fails to reach priority among funding organizations, and is undervalued and
unrecognized as compared to the stated, official purposes of grants and contracts [83, 107]. In
practice, monitoring and evaluating capacity development often comes as an afterthought to satisfy
donor accountability requirements [40]. To establish a supportive system, there must continue to be
reporting requirements in grants and contracts for nutrition service delivery, but there must be an
explicit value proposition for conducting this type of capacity development research, such that the
findings are shared with relevant stakeholders and be used to adapt and improve future capacity
development activities. Prioritizing capacity development will ensure that governments and institu-
tions can continue to deliver nutrition services in the absence of external development aid [100].

Monitoring and Evaluating Nutrition Capacity

Nutrition is currently experiencing a data revolution—the number and types of indicators collected to
assess nutrition status is larger than ever [24]. However, as this chapter has argued, there is a lack of
attention to one of the most important indicators: capacity. The Global Nutrition Report, an
authoritative collection of all existing nutrition indictors, identifies a glaring gap in the collection of
capacity-related indicators [23, 24]. Properly understanding capacity gaps requires more research on
intervention implementation, including the barriers to effective delivery of services at the individual,
organizational, and systemic levels.
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How do we monitor and evaluate capacity? Often, monitoring of capacity is being neglected
because the outcomes are less tangible and challenging to measure. The choice of capacity assessment
methods largely depends on types of interventions for which developed capacities are sought. Two
questions should be considered when examining capacity development: capacity for what? and
capacity for whom? [41].

In Fig. 4.2, we present a monitoring and evaluation framework for understanding nutrition
capacity development considering the three aforementioned levels and four core domains that may
encompass the breadth of capacity development work (institutional arrangements, knowledge,
leadership, and accountability) [34, 40]. Central to this framework is the recognition these domains
are governed by the existing competencies and the human, physical, and financial inputs. An addi-
tional consideration is that performance, at the individual-level and institutional-level, must be both
stable and adaptable.

Monitoring and evaluating approaches to develop capacity is no different from that of any other
intervention. Previous authors have proposed using standard public health intervention planning
cycle, with explicit mention of how each stage of the cycle can be adapted with capacity in mind [32,
34]. This cycle may follow the following steps: (1) engage stakeholders; (2) assess capacity;
(3) formulate a response or intervention; (4) implement intervention; and (5) evaluate. At each
assessment stage, there are emerging methods that can be used to assess the less obvious dimensions
of capacity, such as surveys of individual opinions and behaviors; focus-groups with frontline
workers; observations of interactions between groups; and examinations of institutional protocols for
decision-making [41]. In addition, there are indicators that can be used to assess performance at each
level of capacity, from the individual to the system. While it is important that monitoring and
evaluation plans are prespecified prior to the intervention, with outputs that are part of a clearly
hypothesized pathway, they also need to be flexible and adaptable with the understanding that
capacity development is a nonlinear process [40], with quick-wins coupled with longer battles [34].

Although monitoring and evaluating nutrition capacity is necessary, the data collection, analyses,
and interpretation activities do not come without a cost. Who should be responsible for financing the

Fig. 4.2 A framework for monitoring and evaluating capacity development in nutrition. Adapted from (UNDP 2009)
[34]
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monitoring and evaluation of capacity development outcomes? There are several obvious sugges-
tions. First, we argue that donor driven aid include dedicated funding streams for both capacity
development and its monitoring and evaluation. Second, we argue that governments take a pivotal
role in educating, training, and assessing the performance of their front-line nutrition workers—while
subsequently monitoring and evaluating the progress. Third, we argue that researchers build the body
of research on implementation by including process evaluations in their studies with specific attention
to how interventions are likely to require and affect capacity. The lack of attention to capacity as its
own area of research, within the field of nutrition as well as more broadly across the health field, has
failed to produce a body of knowledge that is actionable.

Conclusions

Nutrition is increasingly recognized as a crosscutting issue with massive implications for the social
and economic development of nations [108]. While experience and best practices have been amassed
with respect to what to do to alleviate the burden of malnutrition, capacity continues to be the critical
limiting factor for the scale-up—in both coverage and impact—and sustainability of programs to
address malnutrition. Calls for investment in capacity development in nutrition are not new, but are
the subject of renewed attention in the face of mounting external pressures on the delivery of
successful nutrition-specific and -sensitive services. Contributing to the already demanding challenge
of addressing malnutrition are the current and anticipated issues that will cause a shift in the global
burden of disease, both in type and locus, leading to an increase in food insecurity, changing food
environments, and new pressures on the health system.

Capacity development will remain a critical feature of nutrition and development agendas in the
coming decades. The SDGs offer an opportunity to excite, inspire, and guide the world in the
post-2015 era; it is critical that advancing good nutrition be recognized as an underlying and
crosscutting prerequisite to promote sustainable development. To maximize the impact of investments
in nutrition, we must intensify efforts to develop the capacities of the future workforce for nutrition;
failure to do so will render the well-meaning goals and targets of the future unattainable [109].

Discussion Points

• Define capacity development. Provide examples of actions at the individual, institutional, and
systemic levels that demonstrate capacity for delivering nutrition services.

• How will the forecasted challenges for the post-2015 era make providing essential nutrition
services more difficult? Think about each of the three levels of capacity.

• What do the current gaps in nutrition capacity tell us about equity both within and between
countries?

• Distinguish between the pros and cons of using a competency-based approach. What are some
examples of competencies you have been expected to meet in your education?

• What types of indicators could be used to monitor and evaluate nutrition capacity? When is
capacity development finished?
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Chapter 5
The Spectrum of Malnutrition

Douglas Taren and Saskia de Pee
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Learning Objectives

• Identify the stages of the malnutrition spectrum.
• Describe how various indicators of nutritional status can be used to determine the spectrum of

malnutrition.
• Compare regional differences for the indicators of malnutrition.
• Explain how stages of nutritional status affect estimates of malnutrition.
• Analyze which specific indicators of nutritional status can be used to assess need for and impact of

different nutrition policies and programs.

Introduction

The purpose of this chapter is to provide a foundation on how to determine the nutritional status of
individuals and the types and prevalence of malnutrition in a population. The spectrum of malnu-
trition includes both undernutrition and so-called “overnutrition,” which is actually “unbalanced”
nutrition indicated by overweight and obesity. Indicators of the spectrum of malnutrition provide
important insights on where to focus interventions and how to assess change and results of nutrition
interventions with regards to changes in nutritional status. Diet, age, infections, chronic diseases, and
genetic variation directly affect nutritional status and its indicators in an individual. Assessing the
spectrum of malnutrition at a national or community level uses the prevalence of indicators of
nutritional status used for individuals and additional measures of underlying and basic causes of
malnutrition such as food insecurity, socioeconomic status, and environmental factors at individual,
household, regional, or national level.
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The stages that constitute the spectrum of malnutrition become evident as one considers nutritional
status moving away from an optimal homeostasis of nutrient balance. There are also many functional
outcomes of malnutrition. There are several types and combinations of malnutrition that can occur
within a nation/community or within a household and even for an individual (Table 5.1).

The spectrum of malnutrition for energy balance ranges from severe undernutrition to severe
overnutrition leading to morbid obesity. Simultaneously, an individual can show signs of chronic
undernutrition with a short height but also be overweight suggesting varying nutritional status during
the lifespan. In middle and high income countries, overweight/obesity is more prevalent among food
insecure households, because processed high-fat and high-sugar foods tend to be cheaper than fresh,
nutritious foods, and women are most affected [1–7]. See Chap. 7 by Doak and Popkin for further
discussion on overweight and obesity.

Single micronutrient malnutrition can range from severe clinical signs of deficiencies to toxicity.
Because of the dietary origin of most micronutrient deficiencies, most people suffer from multiple
micronutrient deficiencies rather than single ones, and it occurs both among people with undernu-
trition as well as people with overweight/obesity, due to the fact that foods high in energy are not

Table 5.1 Community, household and individual measures of malnutrition

Term Definition Example of indicator

Food insecurity A combination of factors that lead to
households to have an unstable and/or
insufficient amounts of safe and nutritious
food and can be chronic, seasonal or
transitory

Questionnaire based on four domains of
food security: availability, access, stability,
and utilization of food; integrated food
security scale

Undernourishment Proportion of a population that is not
meeting their energy requirements

Estimated from food balance sheets,
including import and export

Undernutrition A measure of inadequate nutrient intake
compared to needs (can be acute or chronic
and also affected by disease)

Anthropometric measures of stunting,
wasting, underweight

Overweight/obese,
sometimes referred to
as ‘overnutrition’

A measure of positive energy balance Anthropometric measures of overweight
(BMI, WHZ, waist circumference,
waist/hip ratio)

Stunted and plump Overnutrition on top of previous chronic
undernutrition

Simultaneous state of (previously acquired)
stunting and (current) overweight

Micronutrient
deficiency

An inadequate amount of a vitamin or
essential mineral in the body

One or more biomarker that relates to
amount of nutrients in body, clinical signs
of deficiency (e.g., xerophthalmia for
vitamin A deficiency)

Multiple
micronutrient
deficiencies

An inadequate amount of two or more
vitamins or essential minerals in the body

Multiple biomarkers indicating amounts of
micronutrients in body or clinical signs of
deficiencies

Double-burden of
malnutrition:
population

Excessive prevalence of both undernutrition
and overweight/obesity, note that
micronutrient deficiencies are often found to
co-occur with both forms of malnutrition

Anthropometric measures of undernutrition
(stunting, wasting) and overweight/obesity

Double-burden of
malnutrition:
household

One or more household members who have
undernutrition while other member(s) is
(are) overweight/obese (micronutrient
deficiencies may occur among both)

Anthropometric measures of household
members who are overweight/obese and
others, often children, who have
undernutrition, e.g., stunting

Double-burden of
malnutrition:
individual

Stunted and overweight/obese, in addition
the individual may suffer from micronutrient
deficiencies

Anthropometric measures of being stunted
and overweight, and possibly also a
biomarker indicating a micronutrient
deficiency
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necessarily good sources of micronutrients. Within a family, undernutrition, micronutrient deficien-
cies, and overweight/obesity may occur, sometimes all in the same person, sometimes as different
combinations among different people [8, 9]. As countries go through the nutrition transition, the
spectrum of malnutrition, which was initially dominated by wasting, stunting, and micronutrient
deficiencies, see a rise of overweight and obesity, first among adults, while micronutrient deficiencies
remain prevalent and stunting and wasting in young children may decline, but only gradually. This
transition leads to a national double-burden of malnutrition in both children and adults [10, 11]. Due
to the fact that children who are stunted are at an increased risk of overweight and obesity as they
become older and that food consumption in a population goes from and inadequate amount and
quality of food to an increase of energy intake but still an inadequate dietary quality, overweight and
micronutrient deficiencies co-exist in most populations that go through the nutrition transition. This
can be seen in rural settings but appear to have a greater impact in urban settings as described by Ruel
et al. in Chap. 32. When economic development continues, people have more choices to improve
dietary diversity, and leisure time increases and more time is spend on physical activity, both the
energy balance and dietary quality improve among the population, resulting in a lower prevalence of
both overweight/obesity and micronutrient deficiencies.

Diet, anthropometrics, biomarkers, gene modifications, functional changes, and clinical signs are
indicators that can be used to measure the current or past nutritional status of individuals. Nutrition
indicators are influenced by natural genetic variations in the population as to what is a homeostatic
stage of health of an individual. Infections and various disease states can directly affect the nutritional
status of individuals. Additionally, other physiological factors perturb normal physiological
responses, such as inflammation that modifies the level of biomarkers of nutritional status [12–15].
Thus, there are many occasions when using a single cut point for identifying malnourished indi-
viduals result in both false positives and false negative classifications of malnutrition. Nonetheless,
using standardized cut points to identify the stage of malnutrition is useful when classifying indi-
viduals and when comparing the prevalence of malnutrition between nations and between commu-
nities and over time in the same population.

Indicators of undernutrition also suggest different levels of severity of deficiency in addition to the
prevalence of deficiencies. There are indicators that suggest low storage levels of a micronutrient
before there are functional and clinical signs of a deficiency. It is also possible to assess a nutritional
deficiency based on changes in response to increasing the intake of a nutrient, and subsequent
changes in the level of indicators that are linked to the status of the nutrient such as for linear growth
with zinc supplementation and the retinol dose response test to determine if vitamin A stores are
sufficient. Alternatively, a change in hemoglobin values without measures of iron status following a
regimen of iron supplementation can indicate whether a person had iron deficiency anemia.

The reported prevalence of malnutrition depends on what stages of malnutrition are being mea-
sured. The prevalence decreases when indicators of more severe deficiency are being measured. At
the same time, how indicators respond to intervention measures will depend on what type of indi-
cators are being measured. Changes in dietary intake may be measured before changes occur in
biomarkers for a nutrient. While at the same time, where prevalence of severe deficiency is still high,
the biomarkers that measure the greater severity of deficiency may be the indicators that are most
responsive to nutrition interventions compared with other biomarkers.

It is important to realize that the indicators of nutritional status may not be linearly related to
degrees of nutritional status and can vary from person to person. This variation is also a reason that
multiple indicators of nutritional status are often needed to determine the stage of malnutrition.
Indicators of nutritional status also take varying times to change. In some cases, providing a sup-
plement or fortified food can result in a rapid change for an indicator such as giving a high-dose
vitamin A supplement to a child with a Bitot’s spot. However, it may take more than a month for
hemoglobin to increase after iron supplementation when a person has iron deficiency anemia.
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Biomarkers that measure stores may suggest a greater deficiency compared with biomarkers that
indicate some functional change in metabolism. Nutrient rich diets can also change nutritional status
but may require more time to lead to change of indicators of nutritional status.

Using Specific Indicators of Nutritional Status to Determine the Stage
of Malnutrition

Food and Available Energy

The amount of food available for human consumption is the basis for determining the prevalence of
undernourishment in countries. The availability, access, stability, and utilization of food are primary
domains that determine food security [16]. Food balance sheets at the national level account for food
production, food loss, food imports, and food export for a country. The focus of the food balance
sheets is on energy and is modeled from national level data on food production, import and export,
and population composition. The amount of energy from foods as accounted for in the food balance
sheets is compared with the mean dietary energy requirements (MDER) for a country based on a
country’s population size, and the energy needed related to the stature, sex, ages, and physical activity
level of the population, and assuming a certain distribution of food across the population, to account
for the fact that access to food is not equally distributed. Simply put, the difference between the
amount of food available within a country and the amount needed to meet the MDER and taking
distribution into account is used to determine what proportion of a population likely consumes less
than the calorie requirement for an active and healthy life [16]. This is the statistic used for the hunger
indicator, i.e., the number of “undernourished” people.

Food balance sheets and data on production of each food item by season with food prices are also
used to determine the risk of future food shortages and the onset of famine conditions [17, 18]. Food
balance sheets can also be used do to identify specific crops whose increased cultivation could help
alleviate micronutrient deficiencies [19, 20]. However, food balance sheets may overestimate dietary
intake because they are based on food availability and do not account for acquisition, use and losses at
household level [21]. Furthermore, not all foods that are produced and consumed are included on
food balance sheets. This is particularly the case for small-scale production of fruits, vegetables, and
small livestock at household and community level for own consumption or selling at small markets,
which is not captured by the data that are collected for food balance sheets.

While the prevalence of undernourishment is estimated at population level, food insecurity, mainly
focusing on adequacy of energy intake, can also be assessed at sub-national level. The Integrated
Food Security Scale classifies populations into five stages of security: (1) generally food secure,
(2) borderline food insecurity, (3) acute food and livelihood crises, (4) humanitarian emergency, and
(5) famine/humanitarian catastrophe [22].

Several other indicators have also been used as measures of food security [23]. The Global Hunger
Index is based on undernourishment, child underweight, and child mortality, and is used to compare
low income and middle income nations and categorize their food security and nutrition situation as
low, moderate, serious, alarming, and extremely alarming [24]. The Global Food Security Index uses
affordability, availability, and utilization and allows for comparisons between countries [25]. The
Poverty and Hunger Index is a multidimensional index that uses the percent of the population living
on less than one dollar per day, the poverty gap, the percent share of income/consumption for a
country’s poorest quintile, the percent of underweight children and the percent of the population that
is undernourished [26]. These indices provide various ways to compare countries regarding the level
of food security and malnutrition that exist in the world.
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For assessment of food security at household level, specific questionnaires have been developed, of
which the household food insecurity access scale (HHFIAS) is one of the most widely used [27]. As
food security is achieved when all people, at all times, have physical and economic access to
sufficient, safe, and nutritious food to meet their dietary needs and food preferences for an active and
healthy life, the focus should not only be on meeting energy requirements, but also of other nutrients.
This needs to be assessed through other measures, including dietary intake, data on which needs to be
collected at household or individual level.

Diet

Measuring dietary intake can estimate macro and micronutrient intake when linked to food com-
position databases. Dietary data can also provide information on the consumption of foods that
promote or inhibit nutrient absorption. Measuring the diet of individuals provides information about
energy intake, but there may be substantial misreporting as suggested by studies that compared
dietary intake data to findings on energy expenditure or protein intake using doubly labeled water and
urinary nitrogen excretion techniques [28, 29]. Factors that have been found to be associated with
misreporting of dietary intake include disease state, lifestyle, nutritional status, dietary factors, age,
sex, psychological factors, and behavioral health [30–32].

The most commonly used methods for measuring diet include one day or multiple days of 24-h
recalls. Other methods are based on collecting dietary history, having people keep a diet diary or
using a food frequency questionnaire (FFQ). Collecting dietary intake on multiple days provides a
better indication of usual diet compared with one day of intake. Where diets are relatively mono-
tonous, a one day recall reflects usual intakes at population level better than it does in situations where
dietary diversity is higher. When dietary intake measurements are collected for individual days it is
important to take into account factors such as the normality of the day’s diet, the day of the week,
week of the month, holidays, and season. FFQs on the other hand provide an estimate of the average
food and nutrient intake during a specific period of time. However, asking frequency of intake of too
many foods may result in overestimation.

Collecting dietary data also can also be used to measure dietary diversity, and dietary patterns that
affect nutritional status. Dietary patterns provide information on what types of foods are being
consumed and when foods are being consumed together. The FAO has proposed using 24 h recalls to
calculate dietary diversity scores (DDS) at the household level and for individuals. The household
DDS categorizes the reported foods consumed by all household members into 12 food groups. An
individual DDS is based on 9 categories [33]. There is no specific cut point for determining what is a
low or high DDS. Comparisons can be made within and between populations based on the distri-
bution of the food groups (e.g., Z-scores or quartiles) or with predetermined cut points. For example,
individual DDS could be grouped as low (0–3 food groups), medium (4–6 food groups), and high (≥7
food groups). The WHO has determined that having consumed less than four food groups in the
previous 24-h for children between 6 and 23 months of age classifies as not having adequate
diversity, which is a proxy for being unlikely to meet nutrient intake recommendations [34]. The
Food Consumption Score (FCS) is a more detailed household level DDS that also incorporates a
measure of nutrient density, by assigning a higher multiplication factor to certain food groups such as
animal source foods [20].

When dietary data are converted to nutrient intake it is possible to use the Dietary Reference
Intakes (DRIs) to estimate the adequacy of consuming specific nutrients [35]. The DRIs are composed
of four values to estimate nutrient adequacy. The Recommended Dietary Allowance (RDA) is the
individual’s average daily dietary intake level that is sufficient to meet the nutrient requirement of 97–
98% of healthy individuals in a particular life stage and gender group. Thus, if one consumes the
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RDA for a nutrient, the likelihood of an inadequate intake is low. The calculation for Adequate Intake
(AI) is the recommended intake based on the nutrient intake by a group of healthy people that are
assumed to be adequate whether it is measured by observation or with an experiment. The AI is used
when an RDA cannot be determined. The third method to determine the adequacy of a diet is based
on the Estimated Average Requirement (EAR). The EAR is the daily nutrient intake level that is
estimated to meet the requirement for 50% of healthy individuals in a specific life stage (age,
pregnancy) and gender. The proportion of people in a country or community that is consuming less
than the EAR is defined as the proportion of the population that has an inadequate intake for specific
nutrients, except for when the consumption of the nutrient is skewed [36]. Finally, the tolerable upper
intake level (UL) is the level that should not be exceeded by far for a long period of time in order to
avoid the risk of adverse health effects [35]. The UL has been set based on toxicity data, from
observations or case reports among humans or animal experiments, to which a generous safety margin
has been applied. Using the DRI metrics allows for an assessment of nutrient intakes at population
level, ranging from likely deficient to excess and toxicity. Additional information on how these values
are used in practices are presented by de Pee in Chap. 8. Another good resource for the dietary
recommendations for micronutrients is available at the Linus Pauling Institute website (http://lpi.
oregonstate.edu). It also provides information on the function, functional changes and clinical defi-
ciency signs for micronutrients.

Anthropometric Measurements

Weight, height/length, and mid-upper arm circumference are the basic anthropometric measures used
to monitor growth and to determine the presence of malnutrition. Other anthropometric measurements
include waist and hip circumferences, head circumference, and skinfold measurements. The under-
lying assumption of these is that they are assessments of body composition related to the amount of
fat mass and non-fat mass (lean body mass) for a person.

More direct measures of body composition are also available. Hydrostatic (underwater) weighing
uses the buoyance of fat to measure the difference between fat mass and lean body mass. The use of
more advance methods such as bioelectrical impedance and deuterated water utilize the amount of
body water to estimate a body’s fat mass and non-fat mass. More recently, air displacement
plethysmography (ADP) technology is used to determine body volume on the basis of the
pressure/volume relationship to estimate body composition derived from body density. The present
gold standard for determining body composition is whole body dual-energy X-ray absorptiometry
(DEXA) scan that uses a 4-component model (fat, water, minerals, and protein) to assess nutritional
status by distinguishing lean body mass, fat mass, and bone mass. These methods are mostly used for
research studies or in higher income countries as part of clinical assessments of nutritional status.

Anthropometric Measures for Adults and Aging

Weight and height measures are used to determine the body mass index (BMI). Adult BMI values that
are used to classify nutritional status are based of four major classifications: underweight, normal,
overweight, and obese. These can be further broken down to more specific cut points (Table 5.2). The
cut point for these classifications are based on their association with different health outcomes, e.g.,
maternal underweight being associated with poor pregnancy outcomes, and a decreased immune
response to infections, and an increased risk for chronic diseases as BMI values increase from normal
to overweight to obese [37]. However, the role that BMI has on predicting adiposity may decrease
with age as the proportion body fat and muscle mass changes even though the same BMI cut points
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are also used to classify people older than 60 years of age, as being overweight or obese [38]. BMI is
also used to monitor the growing prevalence of obesity worldwide [39]. One issue that currently
plagues international standards are data that indicates Asians and Asian Americans have a higher
prevalence of diabetes at the same BMI values compared with whites implying that lower BMI values
may be appropriate as cut points for overweight and obesity in this population [40, 41]. WHO [42]
has suggested that for many Asian populations, a BMI of 23.0 or higher represents an increased risk
comparable with 25.0 for overweight in other populations and a BMI of 27.5 or higher represents
high risk comparable to a BMI of 30.0 for obese. An analysis of the Malaysian National Health
and Morbidity Survey that included a sample of 32,703 adults of multiple Asian ethnicities suggested
that the classification of overweight in men should start with a BMI of 23.0 and a BMI of 24.0 for
women [43].

As the global prevalence of obesity is increasing, waist circumference is becoming recognized as
an important measure of abdominal fat with its association with adiposity and an increased risk for
type 2 diabetes, cardiovascular disease, and mortality [44, 45]. Recommendations for what are
appropriate cut points for waist circumference are not consistent. Optimal cut points for waist cir-
cumference has varied tremendously across studies [46]. A waist circumference of >88 cm (>35 in)
for women and >102 cm (>40 in) for men has been used in the United States [37]. However, lower
cut points of 80 cm for women and 94 cm for men have been recommended by the International
Diabetes Federation [47]. Lower cut points of 80 and 90 cm for women and men, respectively, have
even been recommended for South Asians and Eastern Asians [48].

However, there are several nuances with regard to how waist circumference is related to chronic
disease. It appears that the determination of cut points may be related to the mean waist circumference
measures of a population raising the issue of whether there should be specific cut points for different
populations [46]. For example, in ameta-analysis that incorporated 58 studies, waist circumference as an
estimate of adiposity, had a greater associationwith hypertension in studies inwhich the study population
had ameanBMI of <22.0 comparedwith studies inwhichmean BMIwas >22.0, suggesting that the risk
of hypertension associated with adiposity is greater in lean than in non-lean populations [49].

Table 5.2 Adult weight classifications

Weight category for individuals BMI range (kg/m2)

Underweight <18.5

Severe underweight <16.0

Moderate underweight 16.0–<17.0

Mild underweight 17.0–<18.5

Normal range 18.5–<25.0

Overweight ≥25.0

Obese ≥30.0

Mild obesity 30.00–<35.0

Moderate obesity 35.00–<40.0

Severe obesity ≥40.0

Additional categories: public health action and reportinga

Overweight ≥23.0

Obesity ≥27.5

Obesity class I 27.5–<32.5

Obesity class II 32.5–<37.5

Obesity class III ≥37.5
aAction points along the spectrum of BMI at which countries could make decisions regarding risks for their population
[42]
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Waist-to-hip ratios have also been shown to have a strong association with an increased risk for
chronic diseases and various cut points have been used across studies. The WHO has identified a ratio
>0.90 and >0.85 as cut points for men and women, respectively, which substantially increase the risk
of metabolic complications [50]. However, unlike waist circumference, there is not a recommendation
to have separate cut points based on ethnicity or geographic region as there is less variability between
populations for waist-to-hip ratios compared with waist circumference.

Anthropometric Measures for Birth Outcomes and Pregnancy

Infant birth weight is the standard anthropometric measure that indicates infant health. Infants with
birth weights <2500 g are identified as low birth weight (LBW) infants and birth weights <1500 g
identify infants with very low birth weight (VLBW). Infants with a birth weight >4000 g are iden-
tified as having a high birth weight (HBW). Given birth weight and gestational age are correlated
there is also a need to know if low birth weights are due to a premature delivery (births before
37 weeks gestation) and/or because a new born had intrauterine growth restriction (IUGR). IUGR is
one of the main reasons for having a small-for-gestational age infant (SGA). Sex specific fetal growth
curves by Fenton and Kim provide weight-for-gestational age percentiles that can be used to classify
newborns as SGA infants [51]. A weight-for-gestational age less than the 10th percentile is used to
define SGA while other infants are considered to be average for gestational age (AGA). Percentiles
are also available for length and head circumference for gestational age. See Chap. 6 by de Onis for
further information on reference curves for birth outcomes. Babies born at term and without LBW
have the lowest risk for morbidity and mortality. Risk increases for term infants born SGA but
without LBW. The risk for morbidity and mortality increases more for preterm infants who are AGA.
The trajectory of risk continues to increase for term SGA infants with LBW, and for preterm AGA
with LBW and the greatest risk is for preterm SGA babies who have LBW [52]. SGA infants have
significantly greater risk for death, bronchopulmonary dysplasia, necrotizing enterocolitis, and
retinopathy of prematurity and the risk increases more for children who have a weight-for-gestational
age < the 3rd percentile [53, 54]. Christian et al. [55] reported that the long-term effect of being born
SGA was greater on decreasing cognitive development in Nepali children 7–9 years of age compared
with being born preterm AGA. Cognitive scores increased for children with greater head circum-
ference at birth. Chapter 23 by Gonzalez-Casanova, Ramakrishnan, and Martorell, provides a more
comprehensive review of the issues related to methods to identify SGA infants, its epidemiology and
association with future child health.

SGA infants can be further classified as having asymmetrical or symmetrical IUGR, where the
former is more common and reflects restriction of growth mainly in the third and/or late second
trimester, whereas the latter is defined as restricted growth throughout pregnancy. Maternal prenatal
anemia was reported to have an association with symmetrical IUGR while tobacco use was associated
with asymmetrical IUGR [56]. These results suggest that smoking affects weight gain during the later
part of pregnancy by potentially decreasing blood volume expansion and increasing the risk for
placental infarcts later in pregnancy leading to poor placental perfusion. Furthermore, asymmetric
IUGR was related to greater mortality compared with symmetric IUGR in a cohort of Mexican
infants, possibly due to the lower birth weights for the asymmetric infants [57].

Infants who are born with a weight-for-gestational age above the 90th percentile are classified as
large for gestational age (LGA). Mothers giving birth to an LGA infant are at an increased risk for
prolonged labor, birth trauma, and delivering by caesarean sections [58]. LGA infants are at a greater
risk for fetal hypoxia and having postnatal hypoglycemia. Long-term health effects for LGA infants
include a greater risk for chronic diseases including obesity, diabetes, and asthma [59].

Pre-pregnancy anthropometric measures are an important indicator for birth outcomes as a low
pre-pregnancy weight is related to LBW and a high pre-pregnancy weight is related to a high birth

98 D. Taren and S. de Pee

http://dx.doi.org/10.1007/978-3-319-43739-2_6
http://dx.doi.org/10.1007/978-3-319-43739-2_23


weight infant [60], which may be mediated by gestational glucose intolerance or diabetes.
A pre-pregnancy BMI <18.5 or a height of <145 cm have been identified as measures that relate to
poor pregnancy outcomes [61, 62]. Pregnant women with a MUAC <22 or 23 cm are defined as
having malnutrition and greater risk for having a poor pregnancy outcome based on infant birth
weight, preterm birth, and reduced fetal growth for both African and Asian women [63]. Similarly in
a cohort of 14,040 singleton births, the risk for having a LBW infant was higher among women who
had a height of <145 cm (OR = 1.93) or who had a MUAC <23.5 cm (OR = 1.47). The greatest risk
for having a LBW infant was among women who were both thin and short (OR = 2.8) [64]. A higher
MUAC was also associated with a higher birth weight and a lower risk for having a LBW infant in
HIV positive women [65]. Additionally, on the other tail of the malnutrition spectrum for birth
weight, women who themselves were born as LGA had a significantly greater risk of giving birth to a
LGA infant. Furthermore, women born as SGA and who became overweight (BMI >30.0) had the
greatest risk for giving birth to a LGA infant, adding to the important literature on the generational
effects of malnutrition [66].

Weight gain during pregnancy is an important antenatal indicator of nutritional status that is related
to birth outcomes due to its association with blood volume expansion and greater placental perfusion
[67]. Underweight women should gain more weight than women with higher BMI values. The
Institute of Medicine recommendation for weight gain are 12.5–18 kg for underweight women (BMI
<18.5), 11.5–16 kg for normal weight women (BMI: 18.5–24.9), 7–11.5 kg for overweight women
(BMI 25–29.9) and only 5–9 kg for obese women (BMI >30.0) [68]. Maternal weight gain
throughout pregnancy is positively associated with fetal growth (femur length and abdominal cir-
cumference) and birth weight [69]. Insufficient weight gain in underweight and normal weight women
during the later part of pregnancy are associated with low birth weight infants, premature births, and
SGA infants [70].

Given the global increase in obesity, there is now a greater focus on the birth outcome of
overweight women. Prenatal obesity, excessive weight gain, and gestational diabetes are major risk
factors for having a LGA infant [59, 66, 71, 72]. A systematic review of Brazilian studies indicated
that overweight women are at greater risk for excessive weight gain, gestational diabetes, large for
gestational age infants and greater rates of caesarean sections [73]. A meta-analysis that included nine
prospective studies and three retrospective studies indicated that excessive gestational weight gain
beyond those recommended by the IOM was also associated with a greater increase in post-partum
weight retention in studies that had 1, 9 and up to 15 years of follow up data [74]. In a cohort study of
456,711 Swedish women, women who increased their pre-pregnancy BMI by four points after their
first pregnancy had a greater relative risk for having a stillbirth with their subsequent pregnancy. The
risk for neonatal mortality was also increased during a second pregnancy for normal weight women
who increased their BMI after their first pregnancy. On the other hand, weight loss between the first
and second pregnancy decreased the risk of neonatal mortality for overweight women but increased
the risk for infant mortality for women who had a healthy weight in their first pregnancy [71].

Anthropometric Measures for Children

The development and use of weight and height/length curves are described in detail by de Onis in
Chap. 6. Weight and height measurements can be used independently or converted to z-scores based
on age and sex. The standard converted measures are height-for-age z-scores (HAZ),
weight-for-height/length z-scores (WHZ), and weight-for-age z-scores (WAZ). The sex specific
percentile for body mass index (BMI) is used for children 2–18 years of age. The percentile accounts
for the changes in body composition during childhood and adolescence. The mid-upper arm cir-
cumference (MUAC) is used extensively to screen for undernutrition and to determine if children are
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well enough to be discharged after nutritional rehabilitation. It is also important to note that WHZ and
MUAC do not measure the same group of children and this is further elaborated below [75].

With regards to overnutrition, various percentiles for weight-for-length and BMI-for-age are used
to classify children as being overweight or obese, respectively. In the United States, a
weight-for-recumbent length at or above the 95th percentile on the CDC’s 2000 growth charts is
considered to be overweight for children less than 2 years of age. Children, 2–19 years of age who
have a BMI for age that is between the 85 and 95th percentiles are classified as being overweight and
children who have a BMI for age > the 95th percentile are classified as being obese [76]. The WHO
classifies children (2 years and older) as being normal weight when their BMI for age Z-score is
between −2.0 and <+1.0 z-score, overweight children have z-scores between +1.0 z-score and +2.0
z-scores and children with a z-score of >+2.0 are classified as being obese. Children classified as
being overweight or obese have been shown to have an increase risk for hypertension, insulin
resistance, and increased LDL cholesterol [77].

Anthropometric measures are also used to screen for undernutrition and triage children for
nutritional rehabilitation. WHZ is the standard for determining wasting and when edema is present, a
child is automatically considered to have severe wasting. Derrick and Patrice Jelliffe [78] were also
the first to recommend using the MUAC in 1966 even in the presence of oedema. The popularity for
using MUAC took off after a report by Shakir and Morely [79] in a Lancet article in 1974 using a
tricolor cord. They proposed to use this method for screening because reliable weighing scales were
not available and birth dates were not known prohibiting the calculation of weight for age percentiles.
MUAC can use a fixed cut-off for 12–59 month old children, which greatly facilitates use of the
measure at community level. Currently, a MUAC of <11.5 cm is used to identify children aged 12–
59 months eligible for SAM treatment and MUAC measurements between 11.5 and 12.5 cm for
MAM treatment, as a low MUAC is a strong risk factor for death as it will select more younger
children who have a greater risk of mortality [80]. MUAC may also be a better indicator of under-
nutrition in children with diarrhea compared with WAZ or WHZ measures based on classifications
either before or after rehydration [81]. A MUAC of 12.5 cm can be used to discharge children after
treating SAM or MAM and this cut point may support longer treatment regimens compared with a
percent weight gain especially for more severely malnourished children [82].

Using either MUAC <11.5 cm or WHZ <−3.0 partially identify the same groups of children
suffering from malnutrition [75]. A study in Nigeria suggested that the MUAC is more sensitive for
identifying SAM as compared to using anthropometric z-scores, which may lead to underreporting of
SAM [83]. A secondary analysis showed that using a MUAC of 11.5 cm for screening for SAM
missed over 90% of children with a WHZ <−3.0. Conversely, using a WHZ <−3.0 missed 80% of
children with a MUAC <11.5 cm. MUAC may also be a better predictor for identifying children at
risk for death in Asian populations where many children are considered to be thin but fat due to an
increased abdominal circumference [84]. Furthermore, MUAC may be more responsive to treatment
for SAM and MAM as it is related to changes in muscle mass before additional fat mass is accu-
mulated [85]. Some authors suggested to use MUAC for screening in the community and then use
both MUAC and WHZ for admission criteria at the primary health care unit [86]. However, MUAC
has better predictability of death and using the MUAC within community management of acute
malnutrition is also preferred because of the ease of measurement, it is more age independent for
children less than 6 years of age and there is not a need for a lot of equipment [87].

It is of interest to note that the MUAC was merged with height measures to create a ratio by
Quaker Service Team during the Biafra war in Nigeria and they termed the adjusted values as the
QUACK Stick [88]. This adjustment was done due to concerns about not knowing the age of
children, and therefore they used height as a substitute for age. A validation study conducted of the
QUACK Stick indicated that the smallest MUAC ratio (<10th percentile) related to a relative risk of
about 4.0 for mortality compared with children >50th percentile [89]. However, later studies have not
been able to confirm that adjusting MUAC for length increased the prediction of risk of death [90].
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Additionally, MUAC is still more commonly used since increased leg length is mostly associated
with healthy children [91].

Moderate wasting includes children with a WHZ that is <−2.0 z-score and > or equal to −3.0
z-score without the presence of edema. Severe wasting is a WHZ z-score that is <−3.0 z-score or the
presence of edema. A HAZ that is <−2.0 z-score is an indication of stunting due to chronic under-
nutrition and <−3.0 z-score indicates severe stunting. Multiple anthropometric measurements over
time provide a better understanding of what stage of malnutrition exists for an individual. Changes in
z-scores can indicate a worsening of nutritional status if a child’s z-score is decreasing but has not yet
reached <−2.0 z-score. Increases in z-scores can indicate that there is catch up growth occurring in
children who suffered from undernutrition or can indicate a risk for developing overweight.

Clinical Signs of Malnutrition

Conducting a systematic medical history and physical exam are essential for correctly assessing a
person for clinical signs of malnutrition. A medical history should include obtaining information
about changes in recent health status, the use of medications, other herbs and tonics that may have
been used, exposure to violence, changes in body weight, adequacy of diet, factors that may increase
metabolic stress, and other clinically appropriate illnesses, diseases, and syndromes [92–94].
A physical exam from head to toe includes palpating and visually assessing skin, mucosal tissue,
teeth, eyes, skinfolds, and joints. A pediatric subjective Global Nutritional Assessment has been
described for children [95]. The mini-nutritional assessment can be used for elderly that includes
additional measures of functional impairment for changes in daily activities and psychiatric screening
[96, 97]. Clinical signs of malnutrition occur when there is a severe deficit in nutritional status for
both under and overnutrition and for micronutrient deficiencies. The most common clinical signs of
malnutrition have been well documented in a color atlas by McLaren [98].

Some clinical signs are mostly associated with a single nutrient due to the specific physiological
role of the nutrient and because the nutrient is usually the nutrient that is most often deficient, such as
the causal role of vitamin A deficiency in conjunctival xerosis. However, it is also possible to have a
clinical outcome that can be related to multiple nutritional deficiencies such as the association that
dermatitis has with niacin, essential fatty acids, zinc, and protein deficiencies. Impaired wound
healing is another clinical sign that is associated with multiple nutrients that are involved with protein
synthesis such as protein, zinc, and vitamin C. Furthermore, while pallor is most commonly asso-
ciated with iron deficiency it may also occur due to other causes of anemia including folate and
vitamin B12 deficiency.

The reasons for and the timeline associated with the occurrence of clinical signs are important for
understanding their association or lack thereof with nutritional status and what should be the expected
outcomes from nutritional interventions. Clinical signs of malnutrition can occur quickly in response
to acute changes in nutritional status when the tissue turnover occurs during a short period of time
such as with the formation of a Bitot’s spots due to vitamin A deficiency. Additionally, Bitot’s spots
can quickly become full blown xerophthalmia due to an increased demand for vitamin A during an
infection. Dehydration is one of the signs of malnutrition that occurs the fastest during acute and
protracted diarrheal episodes in infants and young children. Prolonged skinfolds, sunken eyes, and
dry oral mucosa are signs of dehydration that can appear quickly after the onset of diarrhea.
Additionally, children who have a high demand for nutrients can also develop signs of malnutrition
quickly such as the case with preterm infants who start off with a low level of nutrient stores and who
have an increased requirements for nutrients [99]. Other clinical signs develop over a long period
of time while physiological and anatomical adjustments can be made in response to malnutrition.
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For example, the changes in bone structure with rickets take time to develop in response to vitamin D
deficiency.

Clinical signs of malnutrition can occur not only because of an imbalance in nutrient intake but
also because of how infections and other environmental conditions unmask nutritional deficiencies.
Biotin deficiency can lead to fungal infections which in turn causes discoloration of the nail plate.
B12 deficiency can be caused by tapeworm infections and other diseases that affect intrinsic factor
required for vitamin B12 absorption. Zinc deficiency can occur as a result of burns which increases
the requirement for Zinc for protein synthesis for wound healing.

Clinical signs of malnutrition can be transient and can disappear within hours or days after
appropriate nutritional intervention. For example, Bitot’s spots may disappear within days after a
child received a therapeutic dose of vitamin A. However, clinical signs may also just transform or
remain after a nutritional intervention has occurred. For example, goiters may not disappear after
iodine treatment due to the fibrous growth that occurred in response to iodine deficiency and which
remains after iodine status has returned to normal levels. Similarly, it may take months or years to
have acanthosis nigricans regress and it may never disappear in response to weight loss and improved
insulin resistance [100, 101].

There are several signs of vitamin and mineral deficiencies that have been described for centuries
and remain of important public health significance. Although the prevalence of several of these
deficiencies has decreased over the past half a century, they do occur when food resources become
extremely limited, when populations and families have monotonous diets and when infections occur
in populations with marginal nutritional status. Table 5.3 provides the summary of the signs and
diseases associated with micronutrient deficiencies.

In terms of protein-energy malnutrition (PEM), the salient features include loss of subcutaneous
tissue, muscle wasting, and the presence of edema. However, the mechanisms related to a loss in fat
and muscle mass differs based on the underlying causes such as the cachexia that is associated with
inflammation and metabolic disturbances that occur with cancer and that are not reversed with
additional caloric intake. Similarly, sarcopenia, the muscle loss that occurs with aging is different
from the protein-energy malnutrition that is seen in young children [102]. Thus, the signs of PEM
may not by definition relate to an imbalance between intake of protein and energy compared to energy
expenditure.

The most classical outcomes of PEM in children results in marasmus and kwashiorkor. Williams
[103], a Jamaican physician working at the Children’s Hospital in Accra on the Gold Coast Colony
first described kwashiorkor in a 1933 article in the Archives of Diseases of Childhood. She described
it as syndrome that consisted first mostly of edema and then wasting, diarrhea, irritability, various
sores of the mucous membranes, thin, sparse, brittle hair that is easily pulled out and that turns a dull
brown or reddish color and a consistent pattern of specific desquamation of the skin. In a later Lancet
article she provided a differential diagnosis of kwashiorkor from beriberi (thiamin deficiency) and
vitamin A deficiency [104]. Additional clinical signs of PEM appeared as a substantial decrease in
subcutaneous tissue that is apparent along the legs, arms, buttocks, and face. Skin changes include
dermatitis, sores, and hyper pigmented plagues, and in the oral area, cheilosis, angular stomatitis, and
papillary atrophy. A physical exam will reveal abdominal distention secondary to a decrease in
abdominal musculature and hepatomegaly due to fatty infiltration. Also, finger and toe nails were
reported to become fissured with ridged nails.

Later, the results of a Wellcome Trust meeting in Jamaica developed a two-by-two classification
scheme to differentiate the signs of marasmus and kwashiorkor [105]. Simply, a child with severe
deficit of weight and a loss of subcutaneous fat tissue was considered to have marasmus and the
presence of edema identified a person as having kwashiorkor and when present together a child was
identified as having marasmic kwashiorkor [106].
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Table 5.3 Deficiency signs and symptoms

Selected
nutrients

Deficiency signs and symptoms

Vitamin A
(retinol)

• Night blindness
• Various stages of xerophthalmia
• Hair follicle blockage with a permanent “goose-bump” appearance, follicular hyperkeratosis
• Dry, rough skin

Vitamin D
(calciferol)

• Rickets
• Osteomalacia and osteoporosis
• Epiphyseal swelling

Vitamin K
(phylloquinone)

• Small hemorrhages in the skin or mucous membranes (petechia)
• Intraocular hemorrhage

Vitamin B1
(thiamin)

• Beriberi (cardiac and neurologic)
• Wernicke and Korsakov syndromes (alcoholic confusion and paralysis)
• Sensory loss, blurred vision
• Dyspnea
• Muscular wasting
• Sometimes edema (wet beriberi)
• Malaise
• Ataxia
• Reduced tendon jerks (reflex)
• Mental confusion
• Tense calf muscles
• Distended neck veins
• Jerky movement of eyes
• Staggering gait and difficulty walking
• Infants may develop cyanosis
• Round, swollen (moon) face
• Foot and wrist drop

Vitamin B2
(riboflavin)

• Redness and scaling of nasolabial folds
• Diffuse depigmentation
• Non specific—fatigue, eye changes, dermatitis, brain dysfunction, impaired iron absorption
• Tearing, burning, and itching of the eyes
• Fissuring in the corners of the eyes
• Soreness and burning of the lips, mouth, and tongue with fissuring and/or cracking of the lips
and corners of the mouth

• Purple swollen tongue
• Seborrhea of the skin in the nasolabial folds, scrotum, or vulva
• Capillary overgrowth around the corneas

Vitamin B3
(niacin)

• Pellagra identified by the four Ds: dermatitis, dementia, diarrhea and death if not treated. The
dermatitis from niacin deficiency has classical presentation of dermatitis that is symmetrical
and occurs at pressure points (e.g., buttocks) and on sun exposed skin

• Sensory loss
• Tremors
• Sore tongue
• Amblyopia
• Anorexia
• Indigestion

Vitamin B6
(pyridoxine)

• Dermatitis
• Neurological disorders, convulsions
• Anemia
• Inflammation of the lining of the mouth, tongue inflammation
• Fissures in the corners of the mouth

(continued)
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Table 5.3 (continued)

Selected
nutrients

Deficiency signs and symptoms

Vitamin B9
(folic Acid)

• Glossitis
• Neural tube defects
• Weakness, fatigue, and depression
• Pallor
• Dermatologic lesions

Vitamin B12
(cobalamin)

• Lemon-yellow tint to the skin and eyes
• Smooth, red, thickened tongue
• Pallor
• Ataxia

Vitamin C
(ascorbic acid)

• Scurvy (fatigue, hemorrhages, low resistance to infection, anemia)
• Edema
• Swollen, bleeding, and/or retracted gums or tooth loss; mottled teeth; enamel erosion
• Painful subperiosteal haematoma
• Lethargy and fatigue
• Skin lesions
• Small red or purplish pinpoint discolorations on the skin or mucous membranes (petechiae)
• Intraocular hemorrhage
• Darkened skin around the hair follicles,
• Corkscrew hair or spiral and unemerged hairs

Calcium • Decreased bone mineralization, rickets, osteoporosis

Chromium • Corneal lesions

Copper • Hair and skin depigmentation
• Pallor

Fluoride • Increased dental decay, affects on bone health

Iodine • Goiter
• Developmental delay
• Mental retardation
• Hypothyroidism

Iron • Fatigue
• Decreased cognitive function
• Headaches
• Glossitis
• Nail changes, koilonychias, thin, concave nails with raised edges
• Skin pallor
• Pale conjunctiva
• Fatigue

Magnesium • Tremors, muscle spasms, and tetany
• Personality changes

Selenium • Cutaneous alterations can occur including xerosis, erythematous scaly papules

Zinc • Dwarfism and hypogonadism
• Hepatosplenomegaly
• Hyperpigmentation
• Acrodermatitis enteropathica
• Alopecia (hair loss)
• Acral rash
• Skin and eye lesions
• Nasolabial seborrhea
• Decubitus ulcers

Adapted from: Overview_of_micronutrient_deficiency_disorders_and_clinical_signs.ppt. www.micronutrient.org/
nutritiontoolkit/ModuleFolders/3.Indicators%5CClinical%5CTools%5C
Gallagher [136]
Marks [137]
Allen et al. [138]
Tulchinsky [139]
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Biomarkers

Nutrient deficiencies were classically associated with the clinical signs and symptoms described in the
previous section. However, it is now known that there are physiological and functional consequences
related to nutritional deficiencies before clinical signs appear. Biomarkers include direct measures of a
nutrient in blood or tissue or can be a product of nutrient metabolism. Urinary levels of thiamin can be
a measure of current thiamin intake while thyroid hormone can be a consequence of long-term iodine
deficiency. However, even direct measures of a nutrient may fail to reflect overall nutritional status as
is the case the with blood calcium which can remain normal in patients with osteoporosis. Biomarkers
can also include functional markers as part of indirect tests of nutritional status. There are biomarkers
for metabolic consequences of nutritional status such as the result of an oral glucose tolerance test that
would be used to screen for type 2 Diabetes [107].

Although not always in the same sequential fashion for all nutrients, biomarkers indicate different
stages of nutrient deficiency [108]. The earliest changes include biomarkers that measure a decrease
in body stores, followed by measures of DNA damage and altered gene expression. Additional
decreases in nutritional status result in disturbed immune functions and a decrease in storage proteins
and then an increase in the concentration of nutrient transporters. Eventually, as the deficiency for
some nutrients becomes more severe, there will be a decrease in their plasma concentration and a
decrease in specific enzyme activities and ultimately clinical signs and symptoms associated with
deficiency.

The sensitivity and specificity of biomarkers are affected by their turnover rate and non-nutritional
factors such as genetic variations between people and their interactions with non-nutritional factors
such as inflammation [108]. Inflammation can either decrease or increase biomarkers used to assess
nutritional status [109]. For example, inflammation can depress serum retinol concentrations but
increase serum ferritin and serum transferrin receptor concentrations. The most common markers of
inflammation include c-reactive protein (CRP) and alpha(1)-acid glycoprotein (AGP) to determine an
active incubation period when a person has recently been exposed (CRP elevated and AGP not
changed), early convalescence (CRP still elevated but declining and AGP elevated), or late conva-
lescence with only AGP elevated [110, 111]. Thus, the inferences made regarding vitamin A and iron
status should be adjusted based on these stages of inflammation. This means that these markers of
inflammation should also be assessed when assessing vitamin A and iron status indicators.

Biomarkers and Environmental Factors

Some indicators of nutritional status also have to be adjusted for environmental factors and the stage
of life. Hemoglobin levels vary with altitude. The reference value has been set for people living at
<1000 m above sea level and it increases with additional altitude. Smoking values also increases what
should be a normal hemoglobin value. Hemoglobin values are also adjusted for the trimester of
pregnancy. Normal values for biomarkers may also depend on a person’s age [112].

Often multiple biomarkers need to be used at the same time to provide an indication of nutritional
status. BMI, more direct measures of fat free mass, and changes of body weight can be combined to
give a better indication of malnutrition in older individuals [113]. Although, WHO uses serum B12 to
identify adequate (>221 pmol/L), low (148–221 pmol/L) and deficient B12 status (<148 pmol/L),
these values may not be sensitive for identifying early stages of B12 deficiency [112]. Methylmalonic
acid and homocysteine have therefore been used as indirect measures of B12 status due to the fact that
their concentrations result from B12-dependent enzymes. However, because their concentrations are
also dependent on folate a better indicator of B12 deficiency may be to use four indicators of B12
status (total B12, holo-transcobalamin, methylmalonic acid, and total homocysteine) [112].
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Biomarkers and Time

Assessment of selenium status is an example of how the advancements of biomarkers has improved
the ability to identifying both short- and long-term nutritional status. Hair and toenail selenium have
been used to estimate long-term intake but do not reflect a person’s current selenium status. Several
selonoproteins, glutathione peroxidase and Se-transporter selenoprotein P can be used together to
determine if a person is nutritionally adequate for selenium. Buccal cells offer the possibility of a
minimally invasive biomarker but it is a laboratory intensive method to measure current selenium
status given their turnover rate [114, 115]. Blood samples and enzyme status also relate to the
functional outcomes of selenium status. Overall tissue values help determine total body selenium
concentration and relate to function. Selenium toxicity can be determined using selenium concen-
trations in plasma, erythrocyte, hair, nail, and urine [116].

Fatty acids also provide a good example of how various biomarkers can be used to measure current
and long-term nutrient intake based on tissue turnover. Measures of the fatty acid composition of the
phospholipid membrane of red blood cells (RBCs) are an indicator of fatty acid intake during the past
couple of months based on the 128-day lifespan of RBCs. While the fatty acid composition of adipose
tissue provides a better estimation of what has been the long-term distribution for intake fatty acids
over a longer period of time [107].

Biomarkers and Obesity

Several biomarkers that are associated with obesity can be modifiable indicators regarding the
severity of obesity in an individual or population. Also, the obesity-associated biomarkers can have
an effect on the indicators for other nutrients. For example, inflammatory biomarkers that are
increased with obesity can affect the ferritin concentration and the release of retinol binding protein.
Additionally, adipokines (leptin, interleukin-6 and tumor necrosis factor-alpha), and gut hormones
such as ghrelin produced in the stomach also increase with obesity and are also associated with
decreased memory and general cognitive measures that could modify the associations between other
nutrients and cognitive development [117]. Measures of telomeres (repeated tandem TTAGGG) of
DNA related to aging also can modify their length with weight reduction in adolescents [118].

In the context of obesity, certain studies aim to measure factors associated with energy balance. In
addition to using questionnaires to measure energy intake and expenditures more precise measures
can be used. For energy expenditure, direct calorimetry and the use of double-labeled water provide
accurate measures but are expensive and can only be used by a few laboratories in the world, which
limits their use to studies. For wider use, various motion monitors and heart rate monitors can provide
more precise estimates of energy expenditure [119].

Biomarkers Proteomics

Proteomics, the comprehensive study of the amount, variation, and modification of an organism’s
proteins has the potential to identify biomarkers related to nutritional status and identify who are
responders and non-responders to nutrition interventions [120]. Identifying specific proteomes may
support the measures of multiple protein-nutrition associations that can be used to determine if
deficiencies exist for vitamin A, D, E, copper, and selenium with their associated circulating blood
proteins [121, 122]. It has been suggested that the measure of six proteins—(ApoC-III; ApoB;
pyruvate kinase; forkhead box 04; Unc5 homolog; Regulator of G-protein signaling 8) may be able to
be used as biomarkers for Vitamin E status [122].
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Biomarkers and Dietary Intake

Metabolomics, the gut microbiota, and skin scans are more recent methods used to measure dietary
patterns. Metabolomics has been used to sparse out the endogenous, drug and food metabolomes to
assess dietary patterns and are able to provide important measures for different fruits and vegetables,
cereal products, soy, meats, dairy, fish, and various beverages including tea, coffee, wine, and total
alcohol intake [123]. For example, heat map analysis of urine using 1H nuclear magnetic resonance
(NMR) spectral identified formate, citrulline, taurine, and isocitrate as appropriate biomarkers for the
consumption of sugar sweetened beverages [124]. Also, carbon stable isotope techniques using
Carbon 13 has been used to measure consumption of simple sugars [125].

Using the gut microbiota and genes associated with the microbes has the potential as measures of
dietary patterns. The microbiota appears to be different between western and non-western diets,
between breastfed and non-breastfed infants, and between well nourished an malnourished children
[126]. Improvements in the nutritional status and maturity of the microbiota in children with
kwashiorkor compared with their discordant twin have been shown to occur after intervention using a
peanut-based ready to use therapeutic food [127]. Additionally, non-invasive skin scans using
Resonance Raman Spectroscopy (RRS) is a potential method for measuring carotenoid status and
differences in fruit and vegetable intake and to validate dietary assessment methods successful in
children. Plasma and skin carotenoids had an R2 equal to 0.62 and skin and dietary carotenoids had an
R2 equal to 0.42 in children 5–17 years of age [128, 129].

Functional Outcomes

Throughout this chapter, there have been references to functional outcomes of nutritional status.
These functional measures can be specific to the classical signs of malnutrition (e.g., night blindness
with vitamin A deficiency), related to metabolic changes that occur with malnutrition (e.g., abnormal
oral glucose tolerance tests due to type 2 diabetes as a result of obesity), and the numerous biomarkers
that are available to assess the stages of nutritional status. However, there are numerous functional
outcomes of nutritional status that provide insight to the spectrum of malnutrition that may be present
but only determined specifically to a nutritional deficit after nutritional supplementation.
Improvements in hemoglobin values after iron supplementation is one example that directly relates to
a specific nutrient. However, other functional changes in cognitive ability, aerobic capacity, growth,
and immune responses can also be functional outcomes that change with improving nutritional status
of a single or group of nutrients. These functional measures are important measures along the
spectrum of nutritional status that relate to activities of daily living, quality of life, and future
morbidity and mortality.

Global Measures of Malnutrition

Prevalence measures of malnutrition are provided for the world, regions, and countries. They provide
information about the types, scale, and range of malnutrition that exists, which is valuable infor-
mation for comparisons. These global measures are used to monitor worldwide changes over time and
are important for monitoring the Sustainable Development Goals. Both the number of malnourished
people and the prevalence of malnutrition need to be considered when determining the spectrum of
malnutrition, whether between regions or countries and between regions within countries.
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Undernourishment

The number of undernourished people has gone down from 1010.7 million in 1991 to 792.5 million
in 2015 [130]. The percent of undernourishment within countries for the 114 countries that had
provisional data from 2014 to 16, a quarter of the countries were estimated to have less than 2.5% of
its population undernourished, the median was 9.45% [16]. The top quarter had more than 20.7% of
their population undernourished and six countries had greater than 40% of their population
undernourished (Sudan, Zambia, Central African Republic, Namibia, Republic of Korea and Haiti).
The prevalence of undernourished people by region was greatest in Africa (20%) followed by
Oceania (14.2%) and Asia (12.1%). For example, in Africa, Middle Africa has the greatest prevalence
(41.3%) compared to Northern Africa with a prevalence of 2.5% (Fig. 5.1). However, the level of
undernourished populations in Asia are relative consistent.

Low Birth Weight and Small-for-Gestational Age

It is estimated that there are more than 18 million low birth weight infants born each year. However,
there are more than 32 million infants born SGA, accounting for 27% of all live births [52]. The
prevalence of low birth weight is almost nine times greater in South Asia (26%) compared with East
Asia, which has the lowest prevalence (3%). Regional differences for the prevalence of SGA in
LMICs ranges from a low of 7.0% for East Asia to 45% for South Asia (Fig. 5.2). These values
translate to having a 6.4 times difference between the highest and lowest regional prevalence rate for
SGA and an 8.7 times difference for low birth weight. However even though these are the best
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Fig. 5.1 a–d Percent of population undernourished by region for 2014–16. Data from the State of Food Insecurity in
the World (FAO [16])
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estimates possible, they need to be assessed with care as they are based on several cohort studies that
may not be representative [131].

Undernutrition

The prevalence of undernutrition can be less than one percent (severe wasting in high income
countries) to greater than 35% (stunting in both Africa and Oceania) depending on the indicator used
and the region of the world [132]. Globally, regional rates for stunting have the greatest prevalence at
25.7% followed by underweight (15.7%), total wasting (8.0%) and severe wasting (2.9%). At the low
end, severe wasting by region usually remains less than five percent in LMICs (Fig. 5.3). However,
this still means that there may be a 300% difference between regions. However, the range for the
prevalence of stunting and underweight are significantly less between regions for LMICs.
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Fig. 5.2 Prevalence of low birth weight and small-for-gestational age infants. Adapted from Lee et al. [52]. LBW low
birth weight; SGA small-for-gestational age
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Micronutrient Deficiencies

The four major micronutrient deficiencies in LMICs are for vitamin A, iron, iodine, and zinc [132].
Globally for LMICs, vitamin A deficiency in children has the greatest prevalence based on low serum
retinol concentrations with 33.3% of children less than five years with low serum values. Iodine has
the second greatest prevalence (28.5%). African populations generally have the greatest prevalence
for micronutrient deficiencies (Fig. 5.4). However, exceptions to this include the rate of vitamin A
deficiency for pregnant women in Asia and the highest prevalence of low urinary iodine concen-
trations which is found in Europe.

It is also possible to determine the ranges that exist in the United States for multiple vitamins,
minerals, carotenoids, and fatty acids using the 5, 50, and 95th percentiles from NHANES based on
age, race, and sex [133]. The CDC report also provides the percent of people who have been
identified as having deficient concentrations for RBC folate, serum levels for vitamins B6, B12, D, E,
and low serum ferritin concentrations. Additionally, the percent with high concentrations for
Vitamin D and ferritin are presented.

Overweight/Obesity

While the prevalence for undernourishment, undernutrition, and for many micronutrient deficiencies
has declined, the prevalence of overweight has increased since 1990 in LMICs [39]. The greatest
percent change has occurred in East Asia and the Pacific followed by Latin America and the
Caribbean. Recent regional prevalence rates for overweight are lowest in South Asia (16.9%) com-
pared with 70.6% for the Middle East and North Africa (Fig. 5.5).
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The Spectrum of Malnutrition Across Regions

Measuring malnutrition across regions illustrates that there is a distribution for each measure used to
determine the prevalence of malnutrition and the absolute estimate for the prevalence of malnutrition
depends on the indicator used to measure nutritional status. While some measures of malnutrition
may have a smaller prevalence as seen with wasting and severe wasting, they are not less important as
it represents a group with a greater risk for future morbidity and mortality. On the other hand, the
prevalence for obesity is increasing throughout the world and in some regions and countries it is the
measure of malnutrition with the greatest prevalence. It also should be noted that the prevalence of
vitamin A deficiency in children and anemia in both children and pregnant women are consistently
present in all the regions.

Conclusion

This chapter presents the indicators that are used to measure the spectrum of malnutrition. It provides
information on how to use indicators of food security, dietary intake, anthropometry, and biomarkers
to assess the nutritional status at the global, national, household, and individual level. It highlights
new areas of research regarding nutritional assessment such as metabolomics and gut microbiota that
can help determine differences in nutritional status and dietary patterns. These indicators of nutritional
status have significant variation across regions of the world and are used to assess global and national
prevalence of different forms of malnutrition as well as to track progress toward improving nutrition.
These indicators are also used to assess the impact of nutrition interventions, whether in research
studies or for public health programs. When selecting indicators for these purposes it is important to
take into account what they indicate, how responsive they are likely to be to the specific intervention(s)
and to note that indicators are also affected by a person’s age, sex, and non-nutritional factors.

Fig. 5.5 Overweight Prevalence by Region. Adapted from Popkin and Slining [39]
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Discussion Points

• How would you differentiate whether a biomarker is an indicator of nutritional status or an
indicator for disease or metabolic changes?

• Discuss factors, at individual level, that may modify the interpretation of biomarkers of nutritional
status.

• Compare different indicators of nutritional with regards to how they represent the stages of
malnutrition for energy, macronutrients, and micronutrients.

• What measures are used to determine the spectrum of malnutrition on a global scale and how are
they different from each other?
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Chapter 6
Child Growth and Development

Mercedes de Onis

Keywords Anthropometry � Malnutrition � Infant and child growth � Child development � Growth
retardation � Infant nutrition � Child health � Adolescents � Interventions � Stunting � Overweight �
Wasting

Learning Objectives

• Review concepts, indicators, and standards for anthropometric measurements to describe the
nutritional status of a community or nation.

• Describe the differences between developing growth standards versus growth references and the
rationale for using a single international growth standard for all children.

• Describe the magnitude and geographical distribution of growth retardation in developing
countries.

• Outline the main consequences of impaired growth in terms of morbidity, mortality, child
development, and adult life health outcomes.

• Review interventions aimed at promoting healthy growth and development.

Introduction

The growth and development of infants and young children, as opposed to mere survival, is of
paramount importance. Most developing countries have experienced dramatic decreases in their
infant and under-five mortality rates over the last three decades. As greater numbers of children
survive it becomes critical to pay closer attention to children’s ability to develop their full physical
and mental potentials. This will in turn have important consequences in adult life.

Child growth is internationally recognized as the best global indicator of physical well-being in
children because poor feeding practices—both in quantity and quality—and infections, or more often
a combination of the two, are major factors that affect physical growth and mental development in
children [1]. Poor child growth is the consequence of a range of factors that are closely linked to the
overall standard of living and whether a population can meet its basic needs, such as access to food,
housing, and health care. Child growth assessment thus not only serves as a means for evaluating the
health and nutritional status of children but also provides an excellent measurement of the inequalities
in health faced by populations. Based on this principle, internationally set health goals for 2025
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include global targets related to stunting, wasting, and overweight among children younger than 5
years [2, 3].

There is strong evidence that poor physical growth is usually associated with deficient or delayed
mental development [4], and a number of studies have demonstrated a relationship between growth
status and school performance and intellectual achievement [5, 6]. The precise mechanism linking
impaired growth and poor mental development is not known. The association cannot be regarded as a
simple causal relationship because of the complex environmental factors that affect both growth and
development; many socioeconomic disadvantages that coexist with stunting may also detrimentally
affect mental development. It is possible that more than one mechanisms act together. For example,
nutritionally deprived children are often described as lethargic, possibly because they reduce their
activity as a protective measure to conserve energy or due to lack energy to be active [7]. This
reduced activity limits the child’s ability for exploration and interaction, and thus may have negative
consequences for children’s motor and cognitive development. Children who do not practice their
existing skills may be less likely to acquire new skills. At the same time, the apathy these children
exhibit could lead adults to treat them differently from non-lethargic children. Undernutrition could
also have a direct effect on children’s central nervous system. These complex relationships make it
difficult to disentangle the exact mechanisms of the association between deficits in growth and poor
mental development.

Impaired growth is ultimately a response to limited nutrient availability and/or utilization at the
cellular level. Although in the past most of the attention has been directed toward the negative
consequences associated with inadequate protein-energy intake, there is increasing recognition of the
important role that micronutrient deficiencies plays in children’s growth and development. At severe
levels of protein-energy deficiency, linear growth probably stops and body reserves are used as
energy and protein sources to maintain vital functions. At less severe stages, however, it may be
possible to cope by simply slowing the rate of linear growth and other compensatory mechanisms
such as reduced activity. The negative consequences of micronutrient deficiencies range from altered
immunity and increased risk of infectious diseases and death to reduced growth and mental devel-
opment [8].

Nutritional deficiencies in turn are deeply rooted in poverty and deprivation. Poverty breeds
undernutrition, which, in turn, generates poverty in a vicious cycle that perpetuates across genera-
tions. The intrinsic links between poverty and nutrition have been reviewed in detail elsewhere [9].
Based on national level data, Fig. 6.1 shows the effect of socioeconomic status on stunting (i.e., low
height-for-age) for four countries in Asia and Latin America. These associations are consistent across
those countries with a similar dose-response relationship.

Regardless of the origin, the consequences of impaired growth and development in children can be
long-lasting and compromise educational performance and the ability to contribute to society. Most
growth retardation occurs very early in life; the two periods of highest vulnerability are during
intrauterine development and during the transition from reliance on breast milk to addition of other
foods to the diet. In fact, as shown in Fig. 6.2, almost all of the growth retardation documented in
studies carried out in developing countries has its origin in the first 2–3 years of life [10]. Once
present, growth retardation usually remains for life as growth deficits are generally not recuperated
nor are the developmental deficits that co-occur with them [11].

This chapter reviews concepts, indicators, and growth standards for assessing impaired fetal and
child growth; describes the magnitude and geographical distribution of growth retardation in
developing countries; outlines the main health and social consequences of impaired growth in terms
of morbidity, mortality, child development, and adult life consequences; and reviews interventions
aimed at promoting healthy growth and development.
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Measuring Impaired Growth: Concepts and Indicators

Fetal Growth

Growth failure is a cumulative process that often begins in utero. Many populations across the world,
particularly in sub-Saharan Africa and South Asia, are exposed to adverse environmental and
nutritional conditions that negatively affect growth and development in the first 1000 days of life
(e.g., from conception to the age of 2 years) [12, 13] increasing the risk of early death and chronic
adult diseases [4].

Differentiating between healthy and impaired growth in early life is crucial if cost-effective pre-
ventive strategies are to advance. Thus, fetal and newborn body size and gestational age at birth need
to be measured accurately. This remains a challenge in most parts of the world as early antenatal care
is not the norm and the tools to assess fetal growth adequately are not readily available. However,
when size and gestational age at birth are measured accurately and are supported by serial ultrasound
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fetal growth patterns in high-risk pregnancies, they become strong predictors of long-term morbidity,
mortality, and cognitive development of a population [12].

Close monitoring of pregnancy and birth events can only be delivered by a health care system that
is able to incorporate appropriate technology and with the human resources to support it.
Unfortunately, such systems are uncommon in those regions of the world where growth impairment is
most prevalent. Thus, clinicians and researchers traditionally have relied on simpler indicators of
newborn size as a proxy for fetal growth, without considering gestational age.

The low birth weight (LBW) rate, i.e., the number of newborns with a birth weight below 2500 g,
is the most commonly used indicator to make comparisons across populations, propose actions and
define targets for improvement. However, it is now increasingly accepted that LBW is an inadequate
term because the traditional definition (birth weight <2500 g) fails to account for gestational age at
birth or acknowledge that LBW is a complex syndrome with multiple aetiologies and not a single
phenotype [14, 15].

The 2500 g cut-off selects an heterogeneous group composed of preterm newborns (<37 weeks’
gestation), small for gestational age (SGA) newborns at term, and the overlap between these two
entities, i.e., preterm SGA newborns who typically have the worst outcomes [14]. These phenotypes
have their own subgroups with individual components linked almost certainly to different etiological
factors and long-term effects, and distributions across populations that are dependent on the preva-
lence of the underlying causal factors [16]. They also have substantially different morbidity and
mortality rates and long-term outcomes, requiring different preventive and therapeutic interventions.
Understanding and differentiating the various phenotypes and their subgroups is thus essential [17].

Notably, the <2500 g definition fails to include a large number of term SGA and severely SGA
newborns, whose birth weight is 2500 g or higher, but below the 10th percentile of the anthropo-
metric standards for their gestational age [14], who are also at higher risk of morbidity, mortality and
long-term sequelae. Worldwide, there are an estimated 14–17 million newborns in this group
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annually [8, 14]. However, they are typically excluded from priority interventions during the early
postnatal period, as they are not acknowledged as being at risk. It is important to note that, strictly
speaking, SGA newborns are not synonymous to intrauterine growth retardation (IUGR); some SGA
newborns may merely represent the lower tail of the normal fetal growth distribution. In individual
cases, however, it is usually very difficult to determine whether an observed birth weight that is low
for gestational age is the result of true in utero growth restriction or represents a “normally small”
newborn. Classification of IUGR is therefore based on the established cut-off for
small-for-gestational-age. The higher the prevalence of SGA in a given population, the greater the
likelihood that SGA is a result of IUGR [1].

The issue of which reference curve to use in assessing growth at birth has been a cause of debate.
Based on the observation that children of well-off populations in developing countries experience
similar growth patterns as those of healthy, well-nourished children in developed countries, and that
children of the same genetic background show differing growth performance depending on the
environment in which they grow up, there is prevailing international consensus that children of all
races have the same growth potential, and that country- or race-specific growth references are not
advised [1, 18]. Growth curves should certainly not be adjusted for factors that may be a cause of
growth retardation. For example, making adjustments for the height of stunted parents in deprived
populations could reinforce the wrong impression that children from these populations are born small
for genetic reasons and that not much can be done about this. On this basis, a group of international
experts recommended that an international fetal growth reference curve should be developed based on
pooled data from countries in different geographical regions where fetal growth is believed to be
optimal [19, 20]. The challenge was taken by the INTERGROWTH-21st Consortium that designed a
multi-country study to complement the World Health Organization (WHO) growth standards by
providing comparable international standards for fetal growth from 9 weeks of gestation to birth and
newborn size (weight, length, and head circumference) according to gestational age and sex. The
INTERGROWTH-21st Project included three complementary components. A cross-sectional study of
all newborns in eight study sites (Brazil, China, India, Italy, Kenya, Oman, the United Kingdom, and
the United States). A cohort of healthy women was also enrolled in a longitudinal component in the
same centers to monitor fetal growth with ultrasound scans from 9 to 14 weeks of gestation to birth.
In addition, in the third component, the postnatal growth of those infants in the longitudinal cohort
who were born prematurely was monitored. Nearly 60,000 children and their families have been
enrolled in the three study components, with the same eligibility criteria as those used to develop the
WHO growth standards. These international anthropometric standards to evaluate fetal and newborn
growth have been made recently available for international use [21–23].

High socioeconomic level populations receiving adequate health care in low-middle income
countries are as well-nourished and healthy as those in high-income countries, with similar pregnancy
and infant outcomes including preterm birth and LBW. Hence, identifying populations at greatest
risk, as well as those that are most likely to respond to health and nutrition interventions, is a global
priority and fundamental for the success of large-scale programs. Reducing the burden of death and
disability resulting from poor maternal health and the consequences of a poor intrauterine environ-
ment, such as stunting and poor cognitive development, is achievable in most countries as long as
efforts are targeted to address the health and nutrition needs of the majority of the people.

In fact, data recently published by WHO [24] provide strong evidence that even short-term
nutritional improvement (during intrauterine life and childhood) can result, in just one generation, in a
mean gain in adult height that is up to 8 cm greater than the mean parental height. In other words, in
developing countries, trans-generational improvements in height are achievable faster than expected if
women of reproductive age have adequate health and nutrition, and their children receive adequate
breastfeeding and complementary feeding and have good access to evidence-based health care.
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Child Growth Indicators and Their Interpretation

In children the three most commonly used indicators to assess growth status are weight-for-height,
height-for-age, and weight-for-age. Table 6.1 shows the WHO classification of nutrition conditions in
children and adolescents based on weight and length/height (recumbent length is measured up to
2 years of age and standing height from 2 years onwards) [25]. Weight-for-height and height-for-age
are key indicators because they permit the distinction of stunted, wasted, and overweight children,
allowing the appropriate targeting of interventions [26–29]. The routine collection of length and
height measurements is important because this enables not only the assessment of weight-for-height
but also body mass index (i.e., ratio of weight in kilograms to the square of height in meters), a
valuable indicator for monitoring the public health problem of overweight and obesity in childhood
[30, 31]. Weight-for-age, on the other hand, is still a commonly used indicator [32]; however, it lacks
the biological specificity necessary to separate weight- from height-related deficits or excesses in
growth.

The interpretation of the most commonly used anthropometric indicators is as follows:
Low height-for-age: Stunted growth reflects a process of failure to reach linear growth potential as

a result of suboptimal health and/or nutritional conditions. On a population basis, high levels of
stunting are associated with poor socioeconomic conditions (Fig. 6.1, which uses education level of
parent as proxy for socioeconomic status) and increased risk of frequent and early exposure to adverse
conditions such as illness and/or suboptimal feeding practices. Similarly, a decrease in the national

Table 6.1 WHO classification of nutrition conditions in children and adolescents based on anthropometry

Condition Age: Birth to 60 monthsa,c

Indicator and cut-off
Age: 61 months to 19 yearsb,c

Indicator and cut-off

Obese BMI-for-age (or
weight-for-length/height) > 3SD

BMI-for-age > 2SD
(2SD approximates BMI 30 kg/mb at
19 years)

Overweight BMI-for-age (or
weight-for-length/height) > 2SD to 3SD

BMI-for-age >1SD to 2SD
(1SD approximates BMI 25 kg/mb at
19 years)

Possible risk of
overweight

BMI-for-age (or
weight-for-length/height) > 1SD to 2SD

Not applicable

Moderately
underweight

Weight-for-age < −2SD to −3SD Weight-for-age (up to 10 y) < −2SD
to −3SD

Severely
underweight

Weight-for-age < −3SD Weight-for-age (up to
10 years) < −3SD

Moderately wasted Weight-for-length/height (or
BMI-for-age) < −2SD to −3SD

BMI-for-age < −2 to −3SD

Severely wasted Weight-for-length/height (or
BMI-for-age) < −3SD

BMI-for-age < −3SD

Moderately stunted Length/height-for-age < −2SD to −3SD Height-for-age < −2SD to −3SD

Severely stunted Length/height-for-age < −3SD Height-for-age < −3SD
aWHO Child Growth Standards: http://www.who.int/childgrowth/en/index.html
bWHO Growth Reference for school-aged children and adolescents: http://www.who.int/growthref/en/
cZ-score and percentile equivalence
−3 = 0.1
−2 = 2.3
−1 = 15.9
+1 = 84.1
+2 = 97.7
+3 = 99.9
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stunting rate is usually indicative of improvements in overall socioeconomic conditions of a country
[33]. The worldwide variation of the prevalence of low height-for-age is considerable, ranging from
5% to over 60% in low-income countries [34, 35]. In many such settings, growth restriction starts
from birth (or even intrauterus) until about 24-36 months of age, after which mean heights run
parallel to the current international reference [10]. Thus, age modifies the interpretation of findings:
for children in the age group below 2–3 years, low height-for-age probably reflects an active process
of “failing to grow” or “stunting;” while for older children, it reflects a state of “having failed to
grow” or “being stunted.” From the point of view of interventions, it is important to differentiate
between these two groups.

Low weight-for-height: Wasting or thinness indicates in most cases a recent and severe process of
weight loss, which is often associated with acute starvation and/or severe disease. However, wasting
also may be the result of chronic unfavorable conditions. Provided there is no severe food shortage,
the prevalence of wasting is usually below 5%, even in poor countries [35]. The Indian subcontinent,
where a higher prevalence of wasting is found, is an important exception. On the severity index,
prevalences between 10 and 14% are regarded as serious, and 15% or above as critical [1]. Typically,
the prevalence of low weight-for-height shows a peak in the second year of life [35]. Lack of evidence
of wasting in a population does not imply the absence of current nutritional problems: stunting and
other deficits, such as of micronutrients, may be present [36].

Low weight-for-age: Weight-for-age reflects body mass relative to chronological age. It is influ-
enced by both the height of the child (height-for-age) and his/her weight (weight-for-height), and its
composite nature makes interpretation complex. For example, weight-for-age fails to distinguish
between short children of adequate body weight and tall, thin children. However, in the absence of
significant wasting in a community, similar information is provided by weight-for-age and
height-for-age, unless there is a substantial proportion of children who are stunted but overweight, in
which case underweight prevalence is lower than stunting prevalence. Short-term change, especially
reduction in weight-for-age, reveals changes in weight-for-height. In general terms, the worldwide
variation of low weight-for-age and its age distribution are similar to those of low height-for-age [35].

High weight-for-height: Overweight is the preferred term for describing high weight-for-height [1].
Even though there is a strong correlation between high weight-for-height and obesity as measured by
adiposity, greater lean body mass (e.g., muscles) can also contribute to high weight-for-height. On an
individual basis, therefore, “fatness” or “obesity” should not be used to describe high
weight-for-height. However, on a population-wide basis, high weight-for-height (i.e., above +2SD of
the WHO Child Growth Standards median) can be considered as an adequate indicator of overweight,
because the majority of children with high weight-for-height are overweight. Strictly speaking, the
term obesity should be used only in the context of adiposity measurements, for example skinfold
thickness.

Other available anthropometric indicators that are used to describe growth status during childhood
include mid-upper arm circumference (MUAC), body mass index (BMI), skinfolds, and head cir-
cumference. MUAC is frequently used in the identification and management of children with severe
and moderate acute malnutrition (SAM and MAM) [26, 37]. In the context of SAM programs,
MUAC is used with a fixed cut-off (less than 115 mm), however, its proper application would require
the use of age-specific cut-offs based on the WHO Child Growth Standards [38]. This implies the
need to determine age, an important drawback of using MUAC-for-age under difficult field conditions
(e.g., refugee crises, draughts). The use of a fixed cut-off for MUAC identifies children at a greater
risk of mortality as young children are more likely to be identified.

For some of these measurements, like skinfolds, technical difficulties result in high intra- and
inter-individual variation and require skilled individuals to perform the measurements accurately and
precisely. A full description of standardized protocols for accurately taking and interpreting
anthropometric measurements can be found elsewhere [39].
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International Anthropometric Standards

The designation of a child as having impaired growth implies some means of comparison with a
“reference” child of the same age and sex. Thus, in practical terms, anthropometric values need to be
compared across individuals or populations in relation to an acceptable set of reference values. This
need has made the choice of a growth reference population an important issue that has received
considerable attention in the last decades as the correct interpretation of accurate and reliable
anthropometric measurements is heavily dependent on the use of appropriate growth curves to
compare and interpret anthropometric values [10, 40].

This section presents the growth charts the WHO developed for preschool age children (WHO
Child Growth Standards) and school-aged children and adolescents (WHO Growth Reference for
School-aged Children and Adolescents).

WHO Child Growth Standards (0–60 Months)

In April 2006 the WHO released new standards for assessing the growth and development of children
from birth to 5 years of age [38, 41]. The new standards were developed to replace the National
Center for Health Statistics (NCHS)/WHO international growth reference [42], whose limitations
have been described in detail elsewhere [1, 43].

The origin of the Child Growth Standards dates from the early 1990s when WHO conducted a
comprehensive review of anthropometric references. The review showed that the growth pattern of
healthy breastfed infants deviated significantly from the NCHS/WHO international reference [44, 45].
In particular, the reference was inadequate for assessing the growth pattern of healthy breastfed
infants [46]. An expert group recommended the development of new standards, adopting a novel
approach that would describe how children should grow when free of disease and receiving care that
followed healthy practices such as breastfeeding and non-smoking [47]. This approach would permit
the development of a normative standard as opposed to a reference that merely described how
children grew in a particular place and time. Although standards and references both serve as a basis
for comparison, each enables a different interpretation. Since a standard defines how children should
grow, deviations from the pattern it describes are evidence of abnormal growth. A reference, on the
other hand, does not provide as sound a basis for making such value judgments, although in practice
references often are mistakenly used as standards.

Following the World Health Assembly’s endorsement of these recommendations in 1994, the
WHO Multicentre Growth Reference Study (MGRS) [48] was launched in 1997 to collect primary
growth data that would allow the construction of new growth charts consistent with best health
practices. The MGRS, whose goal was to describe the growth of healthy children, was a
population-based study conducted in six countries from diverse geographical regions: Brazil, Ghana,
India, Norway, Oman, and the USA [48]. The study combined a longitudinal follow-up from birth to
24 months with a cross-sectional component of children aged 18–71 months. In the longitudinal
component, mothers and newborns were enrolled at birth and visited at home a total of 21 times at
weeks 1, 2, 4, and 6; monthly from 2–12 months; and bimonthly in the second year [48].

The study populations lived in socioeconomic conditions favorable to growth. The individual
inclusion criteria were: no known health or environmental constraints to growth (based on
site-specific education and income criteria), mothers willing to follow MGRS feeding recommen-
dations (i.e., exclusive or predominant breastfeeding for at least 4 months, introduction of comple-
mentary foods by 6 months of age, and continued breastfeeding to at least 12 months of age), no
maternal smoking during pregnancy and lactation, single and term birth, and absence of significant
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morbidity. Rigorously standardized methods of data collection and procedures for data management
across sites yielded high-quality data [38, 48]. The length of children was strikingly similar among
the six sites (Fig. 6.3), with only about 3% of variability in length being due to intersite differences
compared to 70% for individuals within sites [18]. The multi-country study Intergrowth-21st has also
found similar results for the fetus and newborn [49]. The similarity in growth during early childhood
across human populations means either a recent common origin as some suggest [50] or a strong
selective advantage associated with the current pattern of growth and development across human
environments. Data from all sites were pooled to construct the standards, following state-of-the-art
statistical methodologies [38].

Weight-for-age, length/height-for-age, weight-for-length/height, and body mass index (BMI)-
for-age percentile and z-score values were generated for boys and girls aged 0–60 months [38].
Standards for head circumference, mid-upper arm circumference, and triceps and subscapular skin-
folds were released in 2007 [51]; and growth velocity standards for weight, length, and head cir-
cumference were issued in 2009 [52]. Figure 6.4 presents a generic growth chart for body mass
index-for-age in percentile values for girls aged 0–60 months. The full set of tables and charts is
available at the growth standards website (www.who.int/childgrowth/en) together with tools like
software, macros, and training materials that facilitate application. The disjunction observed at
24 months in the length/height-based charts represents the change from measuring recumbent length
(i.e., lying down) to standing height in children below and above 2 years of age, respectively.
Windows of achievement for six gross motor development milestones were also constructed
(Fig. 6.5) [53].

Detailed evaluation of the WHO standards as part of their introduction has provided an opportunity
to assess their impact on child health programs. Since their release in 2006, the standards have been
widely implemented globally, with over 130 countries thus far having adopted them [54]. Reasons for
adoption include: (1) providing a more reliable tool for assessing growth that is consistent with the
Global Strategy for Infant and Young Child Feeding; (2) protecting and promoting breastfeeding;
(3) enabling monitoring of malnutrition’s double burden, stunting and overweight; (4) promoting
healthy growth and protecting the right of children to reach their full genetic potential; and (5) har-
monizing national growth assessment systems. In adopting the WHO growth standards, countries
have harmonized best practices in child growth assessment and established the breastfed infant as the
norm against which to assess compliance with the right of children to achieve their full genetic growth
potential.

Fig. 6.3 Mean length (cm) from birth to 2 years for the six WHO Multicentre Growth Reference Study sites.
From WHO Multicentre Growth Reference Study Group [18]. Copyright © 2007, Wiley, reprinted with permission
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The WHO standards provide an improved tool for monitoring the rapidly changing rate of growth
in early infancy [55]. They also demonstrate that healthy children from around the world who are
raised in healthy environments and follow recommended feeding practices have strikingly similar
patterns of growth. The ancestries of the children included in the WHO standards were widely
diverse. They included people from Europe, Africa, the Middle East, Asia, and Latin America. In this
regard, they are similar to growing numbers of populations with increasingly diverse ethnicities.
These results indicate that we should expect the same potential for child growth in any country. They
also imply that deviations from this pattern must be assumed to reflect adverse conditions that require

Fig. 6.4 Body mass index-for-age in percentile values for girls aged 0–60 months

Fig. 6.5 Windows of achievement for six gross motor milestones in the WHO Child Growth Standards. From WHO
Multicentre Growth Reference Study Group [53]. Copyright © 2007, Wiley, reprinted with permission
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correction, e.g., inadequate or lack of breastfeeding, nutrient-poor or energy-excessive complemen-
tary foods, unsanitary environments, deficient health services, and/or poverty.

Technical and scientific research has validated the robustness of the WHO standards and improved
understanding of the broad benefits of their use:

• The WHO standards identify more children as severely wasted [56]. Besides being more accurate
for predicting mortality risk [57–59], using these standards results in shorter duration of treatment,
higher rates of recovery, fewer deaths, and reduced loss to follow-up or need for inpatient care
[60].

• The WHO standards confirm the dissimilar growth patterns for breastfed and formula-fed infants,
and they provide an improved tool for correctly assessing the adequacy of growth in breastfed
infants [61, 62]. They thereby reduce considerably the risk of unnecessary supplementation or
breastfeeding cessation, which are major sources of morbidity and mortality in poor-hygiene
settings.

• In addition to confirming the importance of the first 2 years of life as a window of opportunity for
promoting growth, the WHO standards demonstrate that intrauterine retardation in linear growth is
more prevalent than previously thought [10, 40], thereby making a strong case for starting
interventions early in pregnancy and even before, including interventions to delay the age at
marriage and first pregnancy to late in adolescence or in early adulthood.

• Another important feature of the WHO standards is that they demonstrate that undernutrition
during the first six months of life is a considerably more serious problem than previously thought
[40, 63], thereby reconciling the rates of undernutrition observed in young infants and the
prevalence of low birth weight and early abandonment of exclusive breastfeeding.

• Using the WHO standards results in a greater prevalence of overweight that varies by age and the
nutritional status of the index population [40]. The WHO standards also improve early detection
of excess weight gain among infants and young children [64, 65], showing that obesity often
begins in early childhood, as indeed should measures to tackle this global public health menace.

• Lastly, the WHO standards are an important means for ensuring the right to health of all children
and achieving their full growth potential. They provide sound scientific evidence that, on average,
young children everywhere experience similar growth patterns when their health and nutrition
needs are met. For this reason the WHO standards can be used to assess compliance with the UN
Convention on the Rights of the Child, which recognizes the duties and obligations to children
that cannot be met without attention to normal human development.

WHO Growth Reference for School-Aged Children and Adolescents
(61 Months–19 Years)

Much less is known about the growth and nutritional status of school-age children and adolescents.
Reasons for this lack of knowledge include the rapid changes in somatic growth, problems of dealing
with variations in maturation, and difficulties in separating normal variations from those associated
with health risks.

The release of the WHO standards for preschool children and increasing public health concern
over childhood obesity stirred interest in developing appropriate growth curves for school-age
children and adolescents. As countries proceeded to implement WHO growth standards for preschool
children, the gap between these standards and existing growth references for older children became a
matter of concern. The 1977 NCHS reference [42] and more recent examples such as the CDC 2000
reference [66, 67], the IOTF cut-off points [68] and other contemporary references [69, 70] all suffer
from a biological drawback characterized by weight-based curves, such as the BMI, that are markedly
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skewed to the right, thereby redefining overweight and obesity as “normal” [71, 72]. The upward
skewness of these references results in an underestimation of overweight and obesity and an over-
estimation of undernutrition (e.g., prevalence of thinness or children below the third percentile)
[73, 74]. The latter is worrisome as it might prompt the overfeeding of healthy, constitutionally small
children.

A potential approach to overcoming this flaw would be to use lower cut-offs to screen for
overweight and obesity [72]. However, better still would be to use growth curves based on data from
populations who have achieved expected linear growth while not being affected by excessive weight
gain relative to linear growth [75]. The case made for using a national reference has traditionally been
that it is more representative of a given country’s children than any other reference could possibly be.
But given the child obesity epidemic, this is no longer valid for weight or BMI. No sooner is a new
reference produced than it is out of date.

The need to harmonize growth assessment tools, conceptually and pragmatically, prompted
evaluation of the feasibility of developing a single international growth reference for school-aged
children and adolescents [73]. Recognizing the limitations of existing reference curves (e.g., the
NCHS/WHO growth reference, the CDC 2000 growth charts, and the IOTF cut-offs) for assessing
childhood obesity, the expert group recommended that appropriate growth curves for these age
groups be developed for clinical and public health applications. It also agreed that a multicenter study,
similar to that leading to the development of the WHO Child Growth Standards from birth to 5 years
of age, would not be feasible for older children because it would be impossible to control the
dynamics of their environment. It was thus decided that a growth reference should be constructed for
this age group using available historical data [75].

Following the expert group recommendations, WHO proceeded to reconstruct the 1977
NCHS/WHO growth reference for the period 5–19 years. It used the original sample (a non-obese
sample with expected heights), supplemented with data from the WHO Child Growth Standards (to
facilitate a smooth transition at 5 years), and applied state-of-the-art statistical methods [76]. The new
curves are closely aligned with the WHO Child Growth Standards at 5 years, and the recommended
adult cut-offs for overweight and obesity at 19 years (BMI of 25 and 30, respectively). The full set of
tables and charts released in April 2006 for height, weight, and BMI can be found at: www.who.int/
growthref/en, including application tools such as software for clinicians and public health specialists
[77].

The WHO reference for school-age children and adolescents provides a suitable reference for the
5–19 years age group to be used in conjunction with the WHO Child Growth Standards from 0 to
5 years. Since its release in 2007 many countries have switched to using these charts including
high-income countries, for example Canada, Switzerland, [78] and several others in Europe [79].

Issues in the Interpretation of Growth Data

One essential consideration is the appropriate use of the reference data. The way in which a reference
is interpreted and the clinical and public health decisions that will be based upon it are as important as
the choice of the reference. The reference should be used as a general guide for screening and
monitoring and not as a fixed standard that can be applied in a rigid fashion to individuals from
different ethnic, socioeconomic, and nutritional and health backgrounds. For clinical or
individual-based application, reference values should be used as a screening tool to detect individuals
at greater risk of health or nutritional disorders; and they should not be viewed as a self-sufficient
diagnostic tool. For population-based application, the reference values should be used for comparison
and monitoring purposes. In a given population, a high prevalence of anthropometric deficit will be
indicative of significant health and nutritional problems, however, it is not only those individuals
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below the cut-off point who are at risk; the entire population is at risk, and the cut-off point should be
used only to facilitate the application of the indicator.

There are two systems by which a child or a group of children can be compared to the reference
population: percentiles and Z-scores (standard deviation [SD] scores). For population-based assess-
ment (including surveys and nutritional surveillance), the Z-score is widely recognized as the best
system for analysis and presentation of anthropometric data because of its advantages compared to the
other methods [1]. A major advantage of the Z-score system for population-based applications is that
a group of Z-scores can be subjected to summary statistics such as the mean and SD. The mean
Z-score, though less commonly used, has the advantage of describing the nutritional status of the
entire population directly without resorting to a subset of individuals below a set cut-off. A mean
Z-score significantly lower than zero (the expected value for the reference distribution) usually means
that the entire distribution has shifted downward, suggesting that most, if not all, individuals have
been affected. Using the mean Z-score as an index of severity for health and nutrition problems results
in increased awareness that, if a condition is severe, an intervention is required for the entire com-
munity, not just those who are classified as “undernourished” by the cut-off criteria [80, 81]. In
addition, the observed SD value of the Z-score distribution is very useful for assessing data quality
[1]. At the individual level, however, although there is substantial recognition that Z-score is the most
appropriate descriptor of malnutrition, clinicians, and health and nutrition centers (e.g., supplemen-
tary feeding programs in refugee camps) have been in practice reluctant to adopt its use for individual
assessment. A detailed description of the percentile and Z-score systems, including a discussion of
their strengths and weaknesses, can be found elsewhere [82].

In clinical applications, children are commonly classified using a cut-off value, often <−2 and >+2
Z-scores. The rationale for this is the statistical definition of the central 95% of a distribution as the
“normal” range, which is not necessarily based on the optimal point for predicting functional out-
comes. A better approach to classifying individual children would be to base the cut-offs on the
relationship between growth deficits and health outcomes, such as mortality, morbidity, and child
development. The difficulty of this approach is that these relationships differ according to the
prevalence of health and nutritional disorders, and cut-offs would have to be developed locally taking
account of local circumstances, something that is not advisable. The cut-offs in Z-scores and per-
centiles currently recommended by WHO for the different nutrition conditions classified based on
anthropometry are presented in Table 6.1.

Lastly, experience with population surveillance has contributed to emphasizing the usefulness of
identifying prevalence ranges to assess the severity of a situation as the basis for making public health
decisions. For example, when 10% of a population is below the −2SD cut-off for weight-for-height, is
that too much, too little, or average? The intention of the so-called “trigger-levels” is to assist in
answering this question by giving some kind of guideline for the purpose of establishing levels of
public health importance of a situation. Such classifications are very helpful for summarizing
prevalence data and can be used for targeting purposes when establishing intervention priorities. It is
important to note that the trigger-levels vary according to the different anthropometric indicators. The
prevalence ranges shown in Table 6.1 are those currently recommended [1] to classify levels of
stunting, underweight, and wasting, noting that in the reference population, 2.5% is below −2SD, by
definition, and this is considered “normal” i.e., within normal biological variation.

Prevalence of Growth Retardation in Developing Countries

A recent comprehensive review estimated that 32 million babies are born SGA, 27% of births in
LMICs, and that about 800,000 neonatal deaths and 400,000 post-neonatal infant deaths can be
attributed to the increased risk associated with having fetal growth restriction [8]. This finding
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contradicts the widespread assumption that SGA infants, by contrast with preterm babies, are not at a
substantially increased risk of mortality. Additionally, babies who are SGA have an increased risk of
growth faltering in the first 2 years of life, and the same study suggests that 20% of stunting might be
attributable to fetal growth restriction [8]. These estimates confirm that fetal growth restriction is a
major public health problem and emphasize the need for interventions before and during pregnancy.
Although there is considerable variation in SGA prevalence across regions, the prevalence is highest in
South-Central Asia followed by sub-Saharan Africa. There are also large intra-country variation rates.

Stunted linear growth has become the main indicator of childhood undernutrition because it is
highly prevalent in all developing countries and has important consequences for health and devel-
opment [34]. It should replace underweight as the main anthropometric indicator for children [8].
Linear growth assessment in primary care is an essential component of country efforts to reduce
childhood stunting and achieve healthy weight gain. More experience is needed in the operational
aspects of the assessment and interpretation of linear growth and the relationship between weight and
height by health workers and in the effective intervention responses (see below).

The most recent analyses indicate that in 2011, there were an estimated 165 million under-five
stunted children, a 35% decrease from an estimated 253 million in 1990 [3] (Table 6.2). Globally, the
prevalence decreased from an estimated 40% in 1990 to 26% in 2011. At regional level, there was
very little decline in Africa (from 42 to 36%) compared to Asia (from 48 to 27%). At present, Eastern
and Western Africa and South-central Asia have the highest prevalence estimates among UN sub-
regions (42% in East Africa and 36% in both West Africa and South-central Asia). The largest
number of children affected by stunting, 69 million, live in South-central Asia (Table 6.2). Oceania,
has a very high rate of stunting (36% in 2011), nonetheless contributes little in numbers affected due
to its relatively small population [3].

Nationally, there is great variation in rates of childhood stunting. Figure 6.6 maps countries
according to their latest national stunting prevalence estimate. Rates are categorized by severity levels

Table 6.2 Prevalence and numbers of stunteda children under 5 years by UN region—1990 to 2025

UN regions and subregions 1990 2011 2025

% Millions % Millions % Millions

Africa 41.6 45.7 35.6 56.3 32.0 60.6
38.5–44.6 42.3–49.0 33.3–38.0 52.5–60.0 28.2–35.8 53.4–67.8

Eastern 50.6 18.0 42.1 22.8 36.7 24.9
44.2–57.0 15.7–20.3 38.9–45.4 21.0–24.6 32.4–41.1 22.0–27.9

Middle 47.2 6.4 35.0 7.8 27.8 7.3
36.4–58.2 5.0–7.9 29.1–41.4 6.5–9.2 16.5–42.8 4.4–11.3

Northern 28.6 6.3 21.0 5.0 16.9 4.0
22.3–35.8 4.9–7.9 14.6–29.4 3.5–7.0 9.9–27.4 2.3–6.4

Southern 36.2 2.2 30.8 1.8 27.5 1.5
32.9–39.7 2.0–2.4 25.2–37.0 1.5–2.2 20.8–35.3 1.2–2.0

Western 39.1 12.8 36.4 18.9 34.6 22.9
35.4–42.9 11.5–14.0 31.7–41.2 16.5–21.5 27.1–42.9 17.9–28.4

Asiab 48.4 188.7 26.8 95.8 17.1 56.5
45.6–51.1 178.1–199.3 23.2–30.5 82.8–108.8 12.6–21.6 41.6–71.4

Easternb 36.8 47.9 8.5 7.5 2.7 2.0
34.9–38.6 45.5–50.3 7.9–9.2 7.0–8.1 2.5–2.9 1.8–2.1

South-central 59.3 107.5 36.4 68.8 23.5 42.3
54.4–64.0 98.6–116.1 30.1–43.2 57.0–81.7 16.5–32.4 29.7–58.3

(continued)
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Table 6.2 (continued)

UN regions and subregions 1990 2011 2025

% Millions % Millions % Millions

South-eastern 47.3 27.0 27.4 14.6 17.5 8.7
38.1–56.6 21.7–32.3 21.8–33.7 11.6–18.0 11.7–25.3 5.8–12.6

Western 29.2 6.3 18.0 4.8 12.6 3.5
22.7–36.6 4.9–7.9 10.4–29.5 2.8–7.9 5.4–26.7 1.5–7.4

Latin America and Caribbean 24.6 13.7 13.4 7.1 8.5 4.2
19.3–29.9 10.8–16.7 9.0–17.7 4.8–9.4 4.8–12.2 2.4–6.1

Caribbean 16.5 0.7 6.7 0.2 3.5 0.1
9.4–27.2 0.4–1.1 3.1–13.7 0.1–0.5 1.5–8.3 0–0.3

Central America 34.0 5.4 18.6 3.0 11.8 1.8
23.9–45.8 3.8–7.2 11.6–28.5 1.9–4.6 6.8–19.5 1.0–3.0

South America 21.4 7.7 11.5 3.9 7.4 2.3
15.5–28.8 5.6–10.4 6.9–18.6 2.3–6.2 3.6–14.5 1.1–4.6

Oceaniac 40.4 0.4 35.5 0.5 32.4 0.5
26.8–55.7 0.3–0.5 16.0–61.4 0.2–0.8 7.7–73.4 0.1–1.1

Developing countries 44.6 248.4 28.0 159.7 21.3 121.8
42.6–46.7 237.0–259.9 25.6–30.4 145.9–173.4 18.4–24.2 105.1–138.5

Developed countries 6.1 4.7 7.2 5.1 8.1 5.7
3.3–11.0 2.5–8.5 4.1–12.6 2.9–8.9 4.5–14.2 3.2–9.9

Global 39.9 253.1 25.7 164.8 19.9 127.4
38.1–41.8 241.4–264.9 23.5–27.9 150.8–178.8 17.2–22.5 110.5–144.4

Reproduced from de Onis et al. [3] with permission from Wiley
aHeight-for-age below −2SD from the WHO Child Growth Standards
bExcluding Japan
cExcluding Australia and New Zealand

Fig. 6.6 Stunting among children under 5 years of age—latest national prevalence estimates Reproduced from de Onis
et al. [3] with permission from Wiley
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[1], ranging from low (below 20%) to very high (� 40%). Extremely high levels appear in countries
like Afghanistan, Burundi and Yemen, with levels above 50% in most recent surveys. Other countries
of sub-Saharan Africa, South-central, and South-eastern Asia also present high or very high stunting
rates. Rates are consistently higher in rural than in urban areas, and can vary considerably by age and
region within countries. Country-specific prevalence data, disaggregated by age group, sex,
urban/rural residence and region, are available from the WHO Global Database on Child Growth and
Malnutrition [www.who.int/nutgrowthdb].

Health and Social Consequences of Impaired Growth

The health and social consequences of the current high prevalences of fetal and child growth retar-
dation in developing countries are severe [4, 8]. Fetuses who suffer from growth retardation have
higher perinatal morbidity and mortality [8, 83–85], are at an increased risk of sudden infant death
syndrome (SIDS) [86], and have higher infant mortality and childhood morbidity [8, 87]. During
childhood they are more likely to have poor cognitive development [88, 89] and neurologic
impairment [90–92]; in adulthood they are at increased risk of cardiovascular disease [93], high blood
pressure [94], obstructive lung disease [95], diabetes [96], high cholesterol concentrations [97] and
renal damage [98].

During childhood, the major outcomes of poor growth can be classified in terms of mortality,
morbidity (incidence and severity), and psychological and cognitive development. There are also
important consequences in adult life in terms of body size, work and reproductive performances, and
risk of chronic diseases [4].

A number of studies have demonstrated the association between increasing severity of anthro-
pometric deficits and mortality [99, 100] which, in turn, has important implications for policy and
programs addressing child survival [99]. Stunted, underweight, and wasted children have an increased
risk of death from diarrhea, pneumonia, measles, and other infectious diseases [101]. The most recent
analysis estimated that more than 1 million annual child deaths can be attributed to stunting and about
800,000 to wasting (about 60% of which are attributable to severe wasting) [8]. These attributable
deaths cannot be added because of the overlap of these and other nutritional conditions.
Undernutrition in the aggregate (including fetal growth restriction, stunting, wasting, and deficiencies
of vitamin A and zinc along with suboptimum breastfeeding) was estimated to be the cause of 3.1
million child deaths annually or 45% of all child deaths in 2011 [8]. The majority of deaths were
owing to the potentiating effect of mild-to-moderate levels of undernutrition as opposed to severe
undernutrition. Thus, strategies that focus only on severely undernourished children will be insuffi-
cient to improve child survival in a meaningful way. The most significant impact can be expected
when all grades of severity are targeted. Similarly, children suffering from impaired growth tend to
have more severe diarrhoeal episodes and are more susceptible to several infectious diseases fre-
quently seen in developing countries, such as malaria or meningitis [102, 103]. The risk of pneumonia
is also increased in these children [104].

There is strong evidence that poor fetal growth or stunting in the first 2 years of life leads to
irreversible damage, including shorter adult height, lower attained schooling, reduced adult income,
and decreased offspring birthweight [4]. This results in an intergenerational effect since low birth
weight babies are themselves likely to have anthropometric deficits at later ages [105, 106]. These low
birth weight babies, born to stunted mothers, contribute to closing the intergenerational cycle by
which low maternal size and anemia, predispose to LBW babies, which in turn predisposes to growth
failure of children, leading back to small adults (Fig. 6.7). Also the occurrence of early pregnancy
will contribute both in terms of LBW and inducing premature cessation of growth in the adolescent
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mother. The implications of this vicious cycle are enormous for the human and socioeconomic
development of the affected populations.

In summary, the magnitude of the problem and the severity of the health and social consequences
associated with impaired growth cannot be overemphasized. Child growth is a major determinant of
human development. Thus, there is an urgent need to develop and/or identify effective interventions
for improving child growth and development. Population-wide interventions aimed at preventing
intrauterine growth retardation are also urgently required, given the strong association between pre-
and postnatal growth and the widespread incidence of fetal growth retardation in developing
countries.

Interventions Aimed at Promoting Healthy Growth and Development

It is widely recognized that the “window of opportunity” for reducing stunting and promoting healthy
growth and development is the *1000 days from conception until 2 years of age [10], although
assuring adequate maternal nutrition prior to conception, including delaying the age at marriage and
first pregnancy to beyond adolescence, is also likely to be important [107, 108]. It is also agreed that
nutrition interventions alone are insufficient, and hence recent efforts to foster nutrition-sensitive
development, including nutrition-sensitive agriculture to improve household food security; maternal
education and women’s empowerment in support of their own health and their capacity to care for
their children; improved hygiene, sanitation and water quality to reduce infections; and social pro-
tection programs to increase purchasing power and access to services and amenities are also being
prioritized [109].

A comprehensive review of the evidence regarding efficacy and effectiveness of prenatal and
postnatal nutrition interventions identified a set of ten proven nutrition-specific interventions, which if
scaled up from present population coverage to cover 90% of the need, would eliminate about 900,000
child deaths in the 34 high nutrition-burden countries, where 90% of the world’s stunted children live
[107]. These interventions are classified into four packages:

• Optimum maternal nutrition during pregnancy

– Maternal multiple micronutrient supplementation to all
– Maternal calcium supplementation to mothers at risk of low intake
– Maternal balanced energy protein supplements as needed
– Universal salt iodisation

Child growth failure

Low birth Early Low weight
weight baby pregnancy and height in teens

Small adult women

Fig. 6.7 Intergenerational cycle of growth failure
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• Infant and young child feeding

– Promotion of early and exclusive breastfeeding for 6 months and continued breastfeeding for
up to 24 months

– Appropriate complementary feeding education in food secure populations and additional
complementary food supplements in food insecure populations

• Micronutrient supplementation in children at risk

– Vitamin A supplementation between 6 and 59 months of age
– Preventive zinc supplements between 12 and 59 months of age

• Management of acute malnutrition

– Management of moderate acute malnutrition
– Management of severe acute malnutrition

Analysis of these nutrition-specific packages showed that the most lives could be saved by the
therapeutic feeding for severe acute malnutrition, followed by the infant and young child nutrition
package [107].

In addition to nutrition-specific interventions, acceleration of progress in nutrition will also require
increases in the nutritional outcomes of effective, large-scale, nutrition-sensitive development pro-
grams [109]. Nutrition-sensitive programs address key underlying determinants of nutrition such as
poverty, food insecurity, and scarcity of access to adequate care resources. They can therefore help
enhance the effectiveness, coverage, and scale of nutrition-specific interventions.

Poor growth is part of a vicious cycle that includes poverty and disease. These three factors are
interlinked in such a way that each contributes to the presence and permanence of the others. The
future of human societies relies on children being able to achieve their optimal physical growth and
mental development. Never before has there been so much knowledge to assist families and societies
in their desire to raise children to reach their full potential. A fundamental need is to focus the
attention of policy-makers on nutritional status as one of the main indicators of development, and as a
precondition for the socioeconomic advancement of societies in any significant long-term sense.
A good start in life will pay off, both in terms of human capital and economic development.

Discussion Points

• Describe the implications of SGA, IUGR and LBW on the current health and future nutritional
status and health of individuals.

• Provide reasons for using stunting rather than underweight as a universal indicator for
undernutrition.

• Discuss the importance and practical implications of regularly assessing children’s length/height
and weight, as opposed to just weight.

• How do growth standards differ from growth references?
• Why is growth considered the key nutritional indicator for children in low-income countries?
• How should anthropometric measures be used to determine the short-term and long-term impact

of nutritional interventions?
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Chapter 7
Overweight and Obesity

Colleen M. Doak and Barry M. Popkin

Keywords Nutrition transition � Obesity � Overweight � BMI � Trends
Learning Objectives

• To show the prevalence of adult overweight and obesity in low and middle income countries by
region.

• To document the trends in increasing (or decreasing) overweight and obesity prevalence in low
and middle income countries by region.

• Within each of the regions, to compare urban versus rural differences in overweight and obesity
prevalence in low and middle income countries.

• Within each region, to compare the gender differences prevalence and trends of overweight and
obesity prevalence in lower and middle income countries.

• To look for subregional patterns in order to identify the geographic areas of high and/or rapidly
emerging overweight and obesity prevalences.

Introduction

The last century witnessed a remarkable change in patterns of disease. The control of infectious
disease, together with changing life styles, led to longer life expectancies and the emergence of
chronic disease as a primary cause of death. This change from infectious to chronic disease, first
described by Omran [1] is known as the epidemiologic transition. However, as a result of the
occurrence of HIV and related drug resistant infections some countries have witnessed a reversal in
the expected trends [2]. In spite of HIV and related rises in the prevalences of infectious disease,
obesity and chronic disease prevalences are still emerging at an accelerated rate in many developing
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countries [3–5]. In 2005, prevalences of overweight/obesity exceeded undernutrition in a majority of
37 developing countries studied in both urban and rural areas [6]. Popkin and Slining [7] showed
continuing rapid increase in overweight prevalence even in recent years in spite of a global food and
economic crisis [7].

The high prevalence of overweight and obesity in developing countries are a result of continued
changes to lifestyle patterns, such as diet and physical activity, leading to an accelerated increase in
overweight, obesity, and related chronic diseases in many countries. This transition in diet and
physical activity patterns, associated with an energy dense diet and a sedentary lifestyle, has been
described as the nutrition transition [8]. The nutrition transition as a global phenomenon has been
documented including the industrialized nations of Europe and North America as well as lower and
middle income countries of Asia, Latin America, the Caribbean, Africa, and the Middle East [9].
Previously, we reported on data based on adults available from a number of countries in each region
of the world [4, 10]. Elsewhere, we show that there are equally important concerns of overweight and
obesity emerging among children and adolescents in lower income countries. However, we focus our
attention here on adults due to the methodological issues of documenting adolescent trends in
overweight and obesity. Namely, in adolescents overweight and obesity, as measured by BMI, are
influenced by population differences in height and maturation [11]. Thus, in comparing countries over
time, it is difficult to disentangle emerging overweight and obesity trends from documented popu-
lation changes in growth (height) and maturation.

Before the global food and economic crises, trends showed an accelerated obesity prevalence
emerging in even more countries. Those earlier results showed that, in low income countries expe-
riencing the nutrition transition, obesity is usually observed first in urban areas and in the high
income, elite. Urban lifestyles were also related to diet and activity patterns associated with the
nutrition transition, contributing further to obesity [6]. Although the urban elite are usually the first to
experience obesity, the epidemic is also shifting to the middle and lower classes. Previous articles by
Monteiro et al. [12–14] show that as GNP increases, the burden of obesity tends to shift toward lower
socioeconomic groups.

The shift of the burden of obesity toward the poor is also accompanied by different risks by age
and gender. Low income women are at greater risk than low income men at lower levels of economic
development [12]. Other studies also show high prevalences of overweight/obesity in women, even in
communities where there are also high prevalences of undernutrition for children [15]. Detailed
analysis comparing the obesity trends in multiple countries shows a pattern in which adults experi-
ence higher absolute increases in the rates of obesity as compared to children [16]. Further evidence
for differences in obesity risk is illustrated by studies showing overweight/obese adults clustering
together with undernourished children [17, 18].

In the next section, we outline the methods used in this chapter. Large nationwide surveys are used
for determining trends in obesity prevalence. Then we focus briefly on some of the public health
effects related to the ongoing epidemic of overweight and obesity.

Methods

Measures

Body mass index (BMI) is the standard measure of overweight and obesity status used in large-scale
surveys of nutritional status in adults. The World Health Organization cutoffs for adults are used to
delineate obesity: less than 18.5 for thinness (chronic energy deficiency), 18.5–24.99 for normal,
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25.0–29.99 for overweight Grade I, 30.0–39.99 for overweight Grade II, and 40.0 and above for
overweight Grade III [19]. For this chapter, Grades II and III are combined and due to limitations of
space the prevalences of underweight and normal weight will not be included in figures and tables.

Survey Design and Sample

Results are updated from the previous edition [17] with new data from Popkin [7] Jones-Smith et al.
[20–23] and Ng et al. [24]. Results reported here are based on data from published surveys conducted
in low and middle income countries. We focus mainly on large representative samples of adults used
in the previous edition, adding in information from publications comparing overweight and obesity
prevalences globally by region. Our selection criteria for presenting data from other surveys were
size, sampling design, and geographic area. If a study were representative of a region or country, it
was always used. If it came from a country with few studies and did not fit our criteria of national
representativeness, we used it if the sample size were large and it seemed reasonably representative of
the population being sampled. We are now at a point where the Demographic Health Surveys
(DHS) surveys have been repeated in many countries and in other countries additional nationally
representative surveys exist, in many instances with multiple survey years. Thus, since the previous
edition, numerous additional surveys have been added and publications with trends data are available.
Thus, we are able to focus in depth on trends using existing published data. Regional comparisons are
made based on nationally representative surveys of women aged 19–49 of overweight (BMI ≥ 25),
with data weighted by each country’s population. Additional publications will be selected based on
their inclusion of results from both males and females. This additional process will ensure compar-
isons of the prevalence of overweight and above in men and in women and also gender differences in
the comparisons of trends by region and over time [7].

Comparative Approach

Given the quantity and quality of information available for adult females, we will first explore
differences of overweight and above in adult females, by region. Additionally, the results will be
further stratified by urban and rural residence to confirm whether the prevalences are higher in urban
areas, as is expected. Next, results will show overweight and above prevalences stratified by urban
and rural residence to clarify whether regional patterns observed for national prevalences remain true
for both urban and rural areas. Finally, available trends data will be shown to identify countries and
regions with the most rapidly increasing trends in overweight and obesity.

Ideally, we would use the same approach for males as taken for females, however, regional results
for males [24] are reported broken into smaller subregions than the results reported for females [7].
Using this information, we will first clarify subregional patterns by making use of the different
definitions used for identifying and classifying global regions. Next, the results for males and females
will be used to clarify gender differences by region [24]. Thus analysis will focus on prevalences for
males in comparison to the females, to first identify whether there are gender differences in over-
weight and obesity prevalences by region. More specifically, gender differences will be explored to
clarify the regional patterns in adult males vis-à-vis those found in adult females. These results also
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include information separately for obesity and/or stratified by urban and rural residence. These data
will be shown where possible, to clarify the patterns and trends of overweight and obesity in men and
women living in low and middle income countries.

Results

Elsewhere, we present some information on comparable trends in higher income countries [10]. This
chapter focuses on lower income countries.

The Prevalence in Lower and Middle Income Countries

Prevalence

Figure 7.1 shows regional comparisons of female overweight (Grade I and above) using nationally
representative surveys. The highest prevalences of overweight and above occur in the Middle East
and North Africa Latin America and the Caribbean and in Central Asia. In contrast, countries in South
Asia and sub-Saharan Africa have the lowest prevalences for overweight and obesity. Figure 7.2
shows these same regional comparisons, stratified by urban and rural residency, showing identical
regional patterns in both urban and rural areas.
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Fig. 7.1 Female % overweight by region across, 1990–2010* (*Data are weighted by each country’s population.
Based on nationally representative surveys of women aged 19–49 (n = 815,609). Overweight BMI ≥ 25. Data from the
year closest to 1990 and 2010 for each country)
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Obesity Trends in Lower and Middle Income Countries

We have excellent data on trends in overweight in women, these trends are shown by region in
Fig. 7.3. These results show increasing prevalences in overweight and above in all regions except for
Europe and Central Asia, in which there is a very small reduction of 0.1% per year. Figure 7.4 shows
the results per country and organized according to country GDP and stratified by urban and rural
residence. Overall there is a pattern of increasing overweight and above both in urban and in rural
areas, with the notable exceptions of Kazakhastan and rural Nigeria. Smaller reductions in overweight
and obesity are also seen in Losotho (both urban and rural), in urban Morocco and Senegal, and in
rural Mozambique.

Figure 7.5 shows the regional prevalences of overweight and obesity separately for males and
females. These results are based on national surveys for 2013 and are age standardized and are
organized by regional classifications that are different from the definitions shown in Figs. 7.1, 7.2,
7.3, and 7.4. In all regions, except for East Asia, females have a higher prevalence of overweight and
above (BMI ≥ 25) than males. Even in East Asia the prevalence of overweight in males is not
substantially different. However, the regional comparisons in Fig. 7.5 show that, in spite of the gender
differences, both male and females have the highest prevalence of overweight and above (BMI ≥ 25)
in North Africa and the Middle East followed by Eastern Europe and Central Asia. However, gender
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Based on nationally representative surveys of women aged 19–49 (n = 815,609). Overweight BMI ≥ 25. Data from the
year closest to 1990 and 2010 for each country)
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differences contribute to diverging patterns for regional comparisons for two regions, namely
Southern sub-Saharan Africa and Andean Latin America. In these regions, female overweight and
obesity is as high or even higher than in North Africa although for males it is substantially (>20%
difference in prevalence) different. In both of these regions, the 95% confidence intervals for the
regional prevalences reported by Ng et al. [24] show that the lower prevalence found males is
statistically (p < 0.05) lower than that of females.

In addition to gender comparisons, Fig. 7.5 provides information on subregional definitions,
allowing for identification of subregions where overweight/obesity is highest. In the broader region of
Asia, it is Central Asia where the overweight and above prevalence is highest, and exceeds 50% for
males and females alike. Although most European countries are not shown, the prevalence of
overweight and above in Eastern Europe is also high, again exceeding 50% for males as well as
females. In North Africa and the Middle East the prevalence of overweight and above is high,
exceeding 50% for both males and females. By contrast, in sub-Saharan Africa, it is only in females
of the Southern sub-Saharan Africa region where overweight and obesity prevalence exceeds 50%.
The subregional classifications for Latin America and the Caribbean are particularly illuminating
given the gender differences. In both males and females, Central Latin America shows high regional
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Fig. 7.3 Urban/rural comparisons: Female % overweight, annualized change regional population-weighted percent—
1990s–2000s* (*Data are weighted by each country’s population. Based on nationally representative surveys of women
aged 19–49 (n = 815,609). Overweight is BMI ≥ 25. Data from the year closest to 1990 and 2010 for each country)
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prevalences for overweight and above. However, the highest prevalence is in Andean Latin America
for females but in Southern Latin America in males.

Table 7.1 shows the results for larger surveys with data available for males as well as females.
Results are stratified by urban and rural residence where possible. The results from figures and tables
show in most countries prevalences of overweight and obesity is less in men than it is in women [15,
25–47]. However, it is important to note that in some countries the gender differences deviate when
separately considering overweight grades I versus II and III. For example, in Table 7.1, Malaysian
females have lower prevalences of grade I, but a higher prevalence of grade II and III. In Kuwait, the
pattern is the opposite, in which females show higher prevalences of obesity (grades II and III
overweight) but lower prevalences of grade I overweight. However, in most regions the highest
prevalences for overweight (grade I) and obesity (grade II and III overweight) occur in females.
Table 7.1 also shows that these patterns hold true after stratification by urban and rural residence.

Table 7.2 shows the results for countries with surveys collected over multiple time points, to show
trends reported from 2005 and earlier. These data show that obesity and overweight have been
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Fig. 7.4 By GNP: Annualized change in female % overweight, 1990s–2000s* (*Based on nationally representative
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for each country)
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increasing in nearly all regions. The trends shown here are consistent with the reported results shown
in Fig. 7.3. These results show increasing overweight prevalences for both overweight and obesity in
males as well as females for all countries.

Implications for Public Health

The obesity epidemic is linked with rapid shifts in adult-onset diabetes and many other noncom-
municable diseases [48]. Adult-onset diabetes and many other comorbidities of obesity are increasing
rapidly in many lower income countries [49, 50]. The most relevant comorbidities are hypertension,
dyslipidemia, and atherosclerosis. The epidemiological prevalence data are spotty but indicate serious
and high levels of these conditions, in particular adult-onset diabetes. A study from 1997 provided a
strong basis for linking diet, activity, and body composition trends discussed above to increased rates
of prevalence for several types of cancer [51].

A clear literature has shown that in terms of mechanisms and epidemiology, obesity and activity are
closely linked to adult-onset diabetes. Several reviews lay out the case for these factors. Zimmet and
his colleagues [34, 49, 52, 53] have been particularly earnest in exploring these issues at the population
level in lower income and transitional societies. Some basic characteristics of adult-onset diabetes may
provide a clear basis for linking key components of the nutrition transition—increases in obesity and
reductions in activity—to the rapid increases in adult-onset diabetes in lower income countries.

Percentage

0
10
20
30
40
50
60
70
80

Male Female

Fig. 7.5 % overweight and obese by region, males versus females (Data are weighted by each country’s population.
Based on nationally representative surveys of women aged 19–49 (n = 815,609). Overweight is BMI ≥ 25. Data from
the year closest to 1990 and 2010 for each country)
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Table 7.1 Obesity patterns in lower and middle income countries (Adults and studies with large sample size)

Country Year Sample (n) Overweight/obesity criteria % Overweight or obese

Criteria Age group Males Females Total

L. America

Brazil [25] 2003 59,204 ≥25 ≥18 38.2 38.1 38.1

Mexico [26] 1995 2042 (U) ≥25 ≥18 50.0 58.0 –

Caribbean

Cuba [27] 1982 30,063 ≥25 20–59 31.5 39.4 36.4

1982 20,539 (U) ≥25 20–59 36.0 41.8 39.7

1982 9513 (R) ≥25 20–59 22.6 33.9 29.4

Asia

China [28] 1992 54,006 ≥25 >20 years 11.9 17.0 14.6

1992 18,472 (U) ≥25 >20 years 20.8 25.1 23.1

1992 35,534 (R) ≥25 >20 years 7.4 12.7 10.2

China [25] 2000 4722 ≥25 ≥18 22.1 24.6 23.4

China 2000 4046 ≥25 20–45 20.2 19.3 –

India [29] 1989 1784 (U) ≥25 15–76 36.9 44.1 40.9

Indonesia [25] 2000 22,725 ≥25 ≥18 11.4 22.1 17.0

Kyrgy Republic 1993 4053 ≥30 18–59 4.2 10.7 –

1993 4053 25–<30 18–59 26.4 24.3 –

Malaysia [30] 1990 4747 25–30 18–64 24.0 18.1 21.4

1990 4747 ≥30 18–64 4.7 7.9 6.1

Philippines [31] 1993 9585 ≥30 20 years 1.7 3.4 –

1993 9585 25–30 20 years 11.0 11.8 –

Thailand [32] 1985 3495 (U) ≥25 35–54 25.5 21.4 24.6

1985 3495 (U) ≥30 35–54 2.2 3.0 2.4

West Pacific

Fiji, Fijians [33] 1993 1190 ≥27 >18 26.6 47.4 37.8

Fiji, Fijians [33] 1993 1226 ≥25 >18 18 33.9 25.9

Nauru [34] 1994 1344 ≥30 25–69 80.2 78.6 79.4

New Caledonia [35] 1992–94 6503 (R) 25 (F) 27 (69) 30–59 44.6 71.4 59.0

1992–94 641 (U) ≥25 (F)
≥27 (69)

30–59 59.1 79.6 72.7

American Samoa [36] 1994 345 >25 25–58 63.8 96.9 83.5

– – >30 25–58 45.9 87.8 70.8

Western Samoa [36] 1995 475 >25 25–58 83.8 92.2 88.2

– – >30 25–58 37.1 66.2 52.2

Tonga [37] 1986 654 >32 (69)
>30 (F)

20–49 10 39.1 –

– – >26 (69)
>24 (F)

20–49 47.6 77.9 –

No. Africa/Mid East

Bahrain [38] 1991/2 290 >30 >20 26.3 29.4 27.9

Egypt [39] 1983–85 433 (R) NCHS OB 15–74 6.8 10.1 9.0

Egypt [39] 1983–85 433 (R) NCHS OVE 15–74 12.9 25.1 21.0

Jordan [40] 1994–6 2836 >30 >25 years 32.7 59.8 49.7

Kuwait [41] 1993–94 3435 >30 18 32.3 40.6 36.4

1993–94 3435 >25–30 18 35.2 32.3 33.8
(continued)
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Obesity

It is clear that obesity, and more particularly, the upper-body distribution of body fat, is a key
parameter in the etiology of adult-onset diabetes. A vast literature has shown significant direct obesity
relationships with adult-onset diabetes and animal studies support this relationship. The work on
abdominal obesity and its effects is more recent but appears to be promising in explaining more
precisely the role that body composition plays. In addition, there is a strong relationship between
weight gain and risk of developing diabetes. The odds of getting diabetes are considerable with a
weight gain of 5–8 kg for adults and the strength of association is even higher with greater weight
gain [54].

Physical Activity

It is understood that exercise may help to prevent adult-onset diabetes in an obese patient. Exercise
may offset the hyper-insulinemia that is associated with obesity and reduces the likelihood that a
person will display the signs that allow him/her to be categorized as having adult-onset diabetes, after
controlling for a given level of obesity. Because exercise is associated with lower insulin levels, it
may help to offset (or prevent) the hyper-insulinemia which is common among obese persons, and
consequentially the development of insulin resistance. Zimmet [52] reviews these relationships and
notes other critical studies on this topic.

Interactions of Obesity and Activity

Physical activity and obesity have independent effects on serum insulin, but together they interact
such that the impact of physical activity differs according to the level of obesity. For example studies
show that for each level of BMI or waist–hip ratio, there is a different effect of physical activity on
serum insulin level.

Table 7.1 (continued)

Country Year Sample (n) Overweight/obesity criteria % Overweight or obese

Criteria Age group Males Females Total

Saudi Arabia [42] 1996 13,177 >30 15–95 16.0 24.0 19.8

1996 13,177 25–30 15–95 29.0 27.0 28.0

Tunisia [43] 1990 8611 >30 Adults 2.4 8.3 5.3

1990 8611 25 Adults 20.0 32.7 26.3

Sub-Sahara Africa

South Africa [44] 1979 7187 >30 15–64 14.7 18.0 16.5

1979 7187 25–30 (M)
24–30 (F)

15–64 41.9 38.8 40.3

South Africa [15] 1990 986 (Bl) 30 15–64 7.9 44.4 28.0

Mauritius [34] 1992 5111 >30 25–74 5.3 15.1 10.6

1992 5111 >25 25–74 35.7 47.7 42.2

BL Black; U Urban; R Rural
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Table 7.2 Obesity trends among adults in lower and middle income countries

Country Year Sample (n) Obesity % obese

Criteria Males Females Total

South America

Brazil [25] 1975 88,625 ≥25 15.7 24.0 20.0

1989 13,350 ≥25 25.7 39.5 31.8

2003 59,204 ≥25 38.2 38.1 38.1

Brazil [45] 1974/75 94,699 25 19.6 27.2 23.5

1989 23,544 25 31.1 50.8 38.9

1996 3179 25 – 35.8 –

Brazil [45] 1974/75 94,699 25–29.99 16.8 20.1 18.5

Brazil [45] 1989 23,544 25–29.99 24.9 37.6 29.9

Brazil [46] 1974 94,699 >30 3.1 8.2 5.7

1989 23,544 >30 5.9 13.3 9.6

Mexico [26] 1995 2042 (U) 25–<30 39.0 35.0 –

1996 203 (R) 25–<30 20.0 26.0 –

Mexico [26] 1988 19,022 >27 – 15.0 –

1995 2042 (U) >30 11.0 23.0 –

1996 203 (R) >30 4.0 19.0 –

South Pacific

Nauru [47] 1975/76 – >30 63.2 72.4 –

1982 – >30 70.7 75.8 –

Nauru [47] 1987 – >30 67.2 69.8 –

1994 1344 >30 80.2 78.6 79.4

Rural W. Samoa [47] 1978 745 >30 18.7 37.9 29.7

1991 960 >30 34.8 52.1 44.1

Urban W. Samoa [47] 1978 744 >30 38.2 60.3 50.0

1991 769 >30 48.4 72.1 61.9

Fiji (Ethnic Fijian) [33] 1958–70 1947 ≥26 34.7 57.8 46.7

1980 – ≥25 32 64 49

1993 – ≥27 26.8 47.4 37.8

1993 – ≥25 – 64.4 46.9

Fiji (Ethnic Indian) [33] 1958–70 485 ≥26 3.6 22.1 14.4

1980 1288 ≥27
(≥25 M)

11 38 26

1993 1226 ≥27 9 – 21.4

1993 1226 ≥25 18 33.9 25.9

American Samoa, age 25–39 [36] 1990 – >25 98.4 94.4 –

1994 – >25 100 95.7 –

1990 – >30 76.6 78.7 –

1994 – >30 80.3 86.1 –

American Samoa, age 40–58 [36] 1990 – >25 97.9 95.7 –

1994 – >25 97.5 97.8 –

Western Samoa, age 25–39 [36] 1991 – >25 88 87.3 –

1995 – >25 84.9 89 –

Western Samoa, age 40–58 [36] 1991 – >25 83.9 93.6 –

1995 – >25 82.5 95.8 –

(continued)
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Genetic Component

Zimmet and others who have focused on this issue as it relates to lower income countries have
suggested that the highest genetic susceptibility for adult-onset diabetes was for Pacific Islanders,
American Indians, Mexican Americans and other Hispanics, and Asian Indians [52]. Those with
modest genetic susceptibility include Africans, Japanese, and Chinese. McGarvey et al. [36, 55] and
O’Dea et al. [56] have thoroughly explored the same issues among Australian Aborigines and other
South Pacific groups and have provided careful documentation of this linkage of the nutrition tran-
sition with adult-onset diabetes.

Table 7.2 (continued)

Country Year Sample (n) Obesity % obese

Criteria Males Females Total

Asia

China [25] 1991 8680 ≥25 10.3 15.2 12.9

2000 9570 ≥25 22.1 24.6 2304

China 1989 5056 25–30 5.9 10.3 8.2

1991 5353 25–30 9.5 11.4 9.5

1993 4920 25–30 8.3 11.3 9.9

1989 5056 >30 0.3 0.6 0.5

1991 5353 >30 0.5 0.8 0.7

1993 4920 >30 0.7 0.7 0.7

Indonesia [25] 1993 13,827 ≥25 7.9 15.3 12.0

2000 22,725 ≥25 11.4 22.1 17.0

Vietnam [25] 1992 6545 ≥25 1.0 2.2 1.6

1997 16,270 ≥25 2.9 5.4 4.3

2002 92,484 ≥25 4.3 6.5 5.5

Africa

Mauritius (32) 1987 5021 <25–30 22.7 27.5 25.2

1992 5111 <25–30 30.4 32.6 31.6

1987 5021 >30 3.4 10.4 7.1

1992 5111 >30 5.3 15.1 10.6

Europe

Russia 9/1992 7305 30–45 8.4 23.2 –

2/1993 9058 30–45 9.7 25.8 –

8/1993 9238 30–45 9.2 25.7 –

11/1993 8278 30–45 10.0 25.7 –

12/1994 6967 30–45 9.5 26.6 –

10/1995 6528 30–45 9.3 27.2 –

10/1996 6231 30–45 10.8 27.9 –

9/1992 7305 25–30 33.5 33.1 –

2/1993 9058 25–30 34.4 32.5 –

8/1993 9238 25–30 34.1 32.6 –

11/1993 8278 25–30 34.4 32.2 –

12/1994 6967 25–30 35.4 31.6 –

10/1995 6528 25–30 31.8 31.4 –

10/1996 6231 25–30 33.4 30.5 –

2004 7077 ≥25 47.4 58.4 53.4
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Research and Policy Implications

It is clear that the nutrition transition is closely linked with rapid increases in obesity. It is also clear
that there is great potential for serious adverse public health consequences from the nutrition tran-
sition and the resultant large increase in obesity. These trends in obesity are not limited to one region,
country, or racial/ethnic grouping. The overall levels that we find in selected countries such as
Mexico, Brazil, Egypt, South Africa, China, Malaysia, and most nations from both the Middle East
and the Western Pacific are indicative of major public health problems. These changes appear to be
occurring across many countries which underscores the urgent need to better understand the
underlying environmental causes. International studies can help to better understand the cultural,
environmental, and behavioral determinants that contribute to the universal trends towards rising
overweight and obesity.

Clearly excess body fat develops when dietary energy intake exceeds energy expenditure. Excess
energy intake and insufficient physical activity are major direct determinants of energy imbalance.
Diet and activity patterns have shifted in comparable ways in many countries and as such, diet and
activity may contribute to the obesity epidemic in a similar way across all populations. Other con-
tributors, such as metabolic differences, inactivity, and macronutrient composition such as percentage
energy from fat, are unknown [57]. Clearly diet and activity do contribute to overweight and obesity
as shown by longitudinal studies in lower income countries [58–61]. Although there will be large
differences in the underlying socioeconomic and behavioral factors related to obesity in each country,
the policies and programs that alter these patterns may be best understood by examining settings
around the world.

There is a major new shift in the way low and middle income countries are addressing the rapid
increases in obesity and the related changes in the structure of diet and activity. The proceedings of a
Bellagio 2013 conference on large-scale regulatory and other efforts to address global obesity,
focusing on food system changes, highlighted some critical changes for selected countries [7].
Whereas the Western Pacific Islands used taxation and trade policies to begin to address the issue
[62], Mexico created the most comprehensive prevention approach [63]. Mexico instituted a 10%
sugar-sweetened beverage tax, an 8% junk food tax, and marketing controls on selective television
programming. Other Latin American countries within the year will institute far more complex con-
trols with higher taxation levels and negative logos on front of the packages for foods identified as
being particularly high in added sugar, sodium, or unhealthy saturated fats. Chile was the first to
begin to address this topic but other efforts are now far along in Peru and Ecuador [64]. Countries in
Asia are considering adopting jointly the Choices healthy front of the package profiling system [65].
Several countries in Asia are considering taxation on sugar-sweetened beverages and others are
instituting other types of innovative programs to address food system shifts [66].

The challenge we face in lower income countries is in determining how to arrest this rapid increase
in obesity before the health system is overwhelmed with obesity-related problems. Effective pre-
vention requires that obesity and chronic disease appear on the national agenda in the earliest stages.
Evidence shows that obesity occurs in adults before it occurs in children, and that obesity occurs first
in women and then in men. Thus, in the context of economic growth, it is important to have
monitoring systems in place. To the extent that monitoring is not possible, low and middle income
countries should emphasize economic growth in the context of ensuring a healthy food supply and an
active lifestyle. While no countries have been able to reverse existing trends, there are examples of
countries such as South Korea [67, 68] that have experienced a less severe epidemic in obesity due to
government programs promoting healthful, traditional, foods. A new generation of efforts in low and
middle income countries to reduce intake of less healthful and more obesity-promoting foods is one
step forward but careful evaluation is needed to understand the impact of such policies.
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Discussion Points

• What are possible explanations for the regional differences in adult overweight and obesity?
• In many European countries, overweight and obesity is higher in males than in females. What are

possible explanations for the high prevalence of female overweight and obesity in low and middle
income countries?

• Why is overweight and obesity higher in urban versus rural areas of low and middle income
countries?

• What are possible explanations for the global increasing in overweight and obesity prevalences?
What global changes could explain these trends emerging in the past 2 decades?
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Chapter 8
Nutrient Needs and Approaches to Meeting Them

Saskia de Pee

Keywords RNI � RDA � DRI � EAR � UL � Energy density � Nutrient density � Dietary diversity �
Fortification � Biofortification � Amylase � Supplementation

Learning Objectives

• Understand how nutrient intake recommendations have been established and how they are applied.
• Understand energy density and nutrient density, how they can be increased and for which sub-

groups of the population they are most important.
• Be able to explain the different level of risk associated with an intake below the estimated average

requirement (EAR) and at or above the tolerable upper intake level (UL).
• Be able to distinguish different strategies for improving nutrient intake and understand their roles,

limitations, and complementarity.

Introduction

People’s diets need to provide the nutrients required for growth, development, and health. While there
are several direct, underlying, and basic causes of malnutrition, meeting nutrient requirements is one
of the prerequisites for achieving optimal health and nutrition. Essential nutrients are those that the
body cannot synthesize on its own—or not to an adequate amount—and must be provided by the diet.
Nutrients are required for metabolic processes that provide energy, support growth, and tissue
replacement, affect cellular and humoral immune systems, neural and cognitive development among
others. Six categories of essential nutrients can be distinguished, which include three groups of
macronutrients, i.e., carbohydrates, protein, and fat, two groups of micronutrients, i.e., vitamins and
minerals, and water. In total, these encompass approximately 40 individual nutrients that are required
in different quantities to meet people’s needs.

Nutrient needs vary throughout the life cycle, by age, sex, physiological state, activity level,
health, and nutritional status. Furthermore, nutrient needs also vary among physiologically compa-
rable individuals. As an individual’s specific needs are unknown, an estimate is used based on age,
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sex, physiological state, and activity level. Nutrient needs are particularly high during growth, e.g.,
early childhood, adolescence, pregnancy, and when recovering from illness (i.e., during convales-
cence) or malnutrition. Older people also have increased needs due to less efficient utilization of
nutrients (see also Chap. 26 by Bermudez and Solomons).

This chapter discusses nutrient needs from a public health nutrition, i.e. population, perspective. It
describes how nutrient intake recommendations are established and how this is translated into
food-based dietary guidelines. It explains how likelihood of nutrient deficiencies can be assessed and
what strategies and commodities can be used to prevent or fill nutrient intake gaps among different
subgroups in a population, in particular young children, including considerations for their use.

Nutrient Intake Recommendations—Terminology and Concepts

Dietary Reference Intakes

For normal, healthy people, Dietary Reference Intakes (DRI), have been formulated, including the
RDA (or RNI), EAR, AI, and UL [1, 2], which are discussed below.

RNI and RDA

TheRecommendedNutrient Intake (RNI, established byFAO/WHO, for use anywhere in theworld) [3],
or RecommendedDietaryAllowance (RDA, established by the Food andNutritionBoard of the Institute
of Medicine, for North America) [2], specifies the amount of a nutrient that would meet the needs of
97.5% of healthy individuals of a specific population subgroup. The RNI and RDA are usually estab-
lished based on the same data and are virtually the same for most nutrients, except when one committee
has recently considered new evidence, whereas the other committee has not yet done so.

EAR

The Estimated Average Requirement (EAR) is the daily intake value of a nutrient that is estimated to
meet the nutrient requirement of half the healthy individuals in a life stage and gender group
(Fig. 8.1). Before setting the EAR, a specific criterion of adequacy is selected, based on a careful
review of the literature. When selecting the criterion, preventing deficiency or reducing disease risk is
considered. Thus, it is not based on achieving optimal status or performance, which would be difficult
to define and typically occurs across a range of status and hence intake.

The EAR is used to set the RDA by adding two standard deviations (SD) to the EAR, when the SD
is known. When data about variability of requirements are insufficient to calculate an SD, the RDA is
set at 1.2 times the EAR [1].

As the EAR represents the point at which the needs of 50% of the population are met, the
proportion of the population with a lower intake is assumed to have a deficient intake and the
proportion with a higher intake to have an adequate intake. However, since we do not know indi-
vidual requirements, having an intake below or above the EAR cannot be used to estimate adequacy
at individual level. The RNI/RDA should be used for that instead, as at that level almost everyone
(97.5%) would meet their needs. At population level, the aim is for all individuals to have an intake
above the EAR as that means that the proportion with an inadequate intake would be 0.
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Besides using the EAR to estimate the proportion of a population that is likely to have an
inadequate intake, the EAR is also used for setting fortification levels. In this case, the target is for all
fortified foods, together, to provide the EAR of the particular nutrient(s) that the food vehicles are
fortified with, as this would shift the intake of the population, including nutrients consumed from the
rest of the diet, to above the EAR level [4]. Nutrients for which the proportion of the population that
has an intake below the EAR is small would not be considered for fortification.

The EARs that are used for setting the fortification level are those of the general population, i.e.,
adult males and females. The EAR in combination with the amount of the food vehicle that is
typically consumed determines the fortification level. For example, the EAR for thiamin (vitamin B1)
is 0.9 mg for women and 1.0 mg for men. For populations with an average rice consumption among
adults of <75 g/d, a level of 2.0 mg thiamin per 100 g of fortified rice is recommended, whereas for
populations with a rice intake of 150–300 g/d it is 0.5 mg/100 g [5]. Subgroups with comparable
nutrient needs but lower intakes of the fortified food will not fully meet their EAR from consuming
the fortified food. This includes groups such as young children who consume smaller amounts of food
or small-holder farmers who do not consume much of the fortified vehicle when they mostly consume
self-produced foods.

AI

When the EAR cannot be set, because of insufficient information on disease or health risks, the
Adequate Intake level (AI) is set instead of the RNI and RDA [1]. This is for example the case for
young infants (0–5 mo) for whom the AI is based on the composition of breastmilk consumed by
healthy, full-term, exclusively breastfed infants. Like the RDA/RNI, the AI is the goal for the nutrient
intake of individuals as it should meet the needs of almost every normal, healthy individual in the
specific group.

UL

While the RNI/RDA specifies the desired intake, for normal healthy people, the UL, which stands for
Tolerable Upper Intake Level, is the highest level of daily nutrient intake that is likely to pose no risk

Fig. 8.1 The risks of adverse health effects from decreasing intakes and the risks of adverse health effects with
increasing intakes. The estimated average requirement (EAR) reflects the intake where 50% of a population group is at
risk of inadequacy, whereas the tolerable upper intake level (UL) is set an uncertainty factor lower than the no observed
adverse effect level (NOAEL) or lowest observed adverse effect level (LOAEL). The recommended nutrient intake
(RNI) is set at two standard deviations above the EAR and reflects the intake level at which 2.5% of a population group
is at risk of inadequacy. © 2015 Bruins et al. [7], Open Access
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of adverse health effects to almost all individuals in the general population of a specific age and sex
group [1]. It is a level of intake that can, with high probability, be tolerated biologically. The UL is
not to be exceeded by far and for a prolonged period of time. For almost all nutrients, the UL is far
above the RNI/RDA, thus an intake level that is a few times the RNI does not pose a problem.

The UL is set based on applying an uncertainty factor to levels at which adverse events have been
observed, either in humans, based on case reports (e.g., accidental overdosing of supplements), or
from animal studies (LOAEL: Lowest Observed Adverse Event Level), or the highest level at which
no adverse effect was observed (NOAEL: No Observed Adverse Event Level) (see Fig. 8.1). The
higher the level of uncertainty, for example in case of extrapolating from animals to humans, the
higher the uncertainty factor that is applied [6]. The type of adverse event that is referred to differs.
For example, in the case of zinc, an inhibitory effect on copper absorption has been the basis for
setting the UL, and for this, a common intake level of copper has been assumed. In the case of
multi-micronutrient supplements or specific fortified food complements that contain copper, zinc and
other micronutrients, zinc intake can be somewhat higher than the UL.

It should also be noted that in terms of risk, the EAR and UL are very different. The EAR is the
midpoint of required intake, i.e., at this level the risk of inadequacy is 50% and the consequences of
too low (micro)nutrient intakes are well-known. The risk of an intake close to the UL, however, is
negligible as it is set an uncertainty factor lower than the intake at and above which adverse effects
may be expected [7]. Also, due to absence of adequate safety data a high uncertainty factors is applied
for a couple of micronutrients, which results in the EAR and usual intakes being quite close to the
UL. This is the case for vitamin A, calcium, copper, fluoride, iodine, iron, manganese, and zinc [7].

Furthermore, in addition to considering the risks of well-known levels of too low intake versus the
much less certain and hence conservative level of too high intake at which adverse health effect may
occur, it is also important to note that the UL applies to chronic intakes of normal, healthy people. In
fact, the recommended intakes for specific groups, such as children undergoing treatment for mod-
erate or severe acute malnutrition (MAM or SAM), are above the UL for certain nutrients in order to
rebuild body tissues and nutrient stores [8].

Groups and Circumstances with Higher Nutrient Needs

Some groups have higher nutrient needs, such as people who are suffering from (chronic) infection
(e.g., HIV or TB) [9], or people who are recovering from malnutrition, including children with severe
or moderate acute malnutrition (SAM or MAM) [8]. Their needs are higher due to clinical vulner-
abilities, the high needs for rebuilding fat and muscle tissue, replenishing of their bodies’ nutrient
stores, and, for children, catching up on lost growth opportunity [8–10].

For SAM and MAM, recommended nutrient intakes have been proposed [8, 11], which are
generally higher for SAM than for MAM, except for the so-called “type 2 nutrients,” since linear
growth had not yet been taken into consideration when the recommendations for SAM were put
together. Type 2 nutrients are particularly important for linear growth and include for example
Phosphorus, Zinc, Magnesium, and sulfur amino acids [12]. For type 1 nutrients, which include most
vitamins and minerals, biochemical tests can be used to determine whether someone has deficient,
marginal, adequate, or too high levels. However, the status of type 2 nutrients cannot be determined,
because they are not stored but either used for bone and muscle growth, or excreted when there is a
surplus for some but no further supply of another nutrient [12]. Which nutrient(s) constrain linear
growth in a particular population can only be determined by assessing the response to supplemen-
tation of specific type 2 nutrients that can be chosen based on what is suspected based on intake
levels.
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For people living with HIV (PLHIV), several studies have assessed the impact of different
interventions, using different combinations of (micro)nutrients. However, since all studies used a
different set and amounts of micronutrients, and some were conducted before antiretroviral treatment
became available and others after, it has not yet been possible to recommend specific micronutrient
intake levels [13, 14] and Chap. 20 by Paranandi and Wanke). WHO recommends ensuring that the
RNI for normal healthy people is achieved by PLHIV [15]. Meanwhile, the Academy of Science of
South Africa recommends a nutrient intake between 1–2 times the RNI, especially where PLHIV may
already have low intakes prior to becoming infected [16].

Treatment of adults with malnutrition in resource-limited settings is often done with products that
are used for treating children, such as F100 (therapeutic milk), ready-to-use therapeutic food (RUTF)
or fortified blended food (FBF). However, for some nutrients absolute intake becomes rather high in
case these foods provide most of the energy the adult requires [13] and the food and taste preferences
of adults are different from children, as for example documented for PLHIV in Malawi [17].

Furthermore, while the RNI has been formulated to meet the needs of 97.5% of normal, healthy
individuals, it may not be sufficient for people who frequently suffer from infections or subclinical
inflammation (such as endemic enteric dysfunction) [18, 19].

With regard to growth, the dietary reference values for children are based on estimates that assume
continuous, steady growth. However, growth occurs in a saltatory manner, i.e., in spurts followed by
periods of slow or no growth. Saltatory growth may be more intense when there is more morbidity or
other periods of growth shortfall (e.g., seasonal dietary inadequacies) and require nutrient intakes
above the RNI [10].

Meeting Nutrient Requirements from the Diet

Can We Tell Whether Diets Meet Nutrient Requirements?

As mentioned above, people’s individual nutrient requirements are not known. For energy, one can
estimate whether intake is in balance with expenditure by monitoring weight, or whether pants or
skirts become tighter or looser.

For individual nutrients, one may only know that intake is deficient or excessive when specific
signs of deficiency or toxicity are observed, or by doing specific biochemical tests. Furthermore, for
some nutrients there are no specific signs of deficiency or excess, just systemic signs, e.g., increased
morbidity or lack of linear growth (resulting in stunting) in the case of zinc deficiency. Therefore, and
because people do not select nutrients for consumption, but foods, unless they take a supplement,
dietary intake recommendations should be such that when they are followed, it is likely that all
nutrient requirements will be met.

The prevalence of undernutrition, as shown by indicators such as stunting and anemia, or of
overnutrition, such as overweight and obesity, indicates whether, at group level, nutrient intake
appears to meet needs. It is important to note that inadequate nutrient intake is one of the direct causes
of undernutrition, while disease and inflammation as well as inadequate caring practices are the other
direct causes. Thus, meeting nutrient requirements is a prerequisite for being free of malnutrition, but
an adequate nutrient intake alone cannot guarantee being free from undernutrition. Disease and
inflammation, including endemic enteric dysfunction (EED), can interfere with nutrient intake
(anorexia), absorption (e.g., diarrhea and EED) and utilization (higher needs).
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Which Single Foods Meet (Almost) All Nutrient Intake Recommendations?

There are very few foods that provide all nutrients that people require, with the exception of
breastmilk (for exclusively breastfed 0–5 months old infants born at-term with normal birth weight of
well-nourished mothers, except for vitamins D and K (see Chap. 16)), F100 and RUTF for SAM
patients, clinical nutrition used in hospitals, and some specifically formulated foods or meals such as
army rations.

Some food products are particularly developed to provide enough energy and nutrients to sustain
people for a couple of days if necessary, such as high energy biscuits (HEB) that are distributed in
case of emergencies, bars for mountaineers, and sports bars and drinks for athletes. However, these
foods usually do not meet all individual nutrient needs, because (a) they are distributed to different
target groups that do not all have the same nutrient needs and (b) they are not meant to be the only
food someone consumes, or are meant to be replaced by a more complete offering of foods within a
few days (in the case of HEBs).

Similarly, some foods are formulated to be a major complement to the existing diet, such as foods
for treatment of MAM. In the case of those foods, the recommended nutrient composition is such that
they can supply 70% of the macronutrient needs, assuming that the MAM child will also consume
some family foods and may also consume breast milk, while providing close to 100% of the needs for
other (micro)nutrients that may not be supplied in adequate amounts by the prevailing diet [8, 20].

Selecting Foods that Can Meet Nutrient Requirements

For most people, locally available foods should meet their nutrient requirements. For some nutrients
though, meeting requirements from a diet based on local, unfortified, foods is very challenging. This
is particularly true for iodine, which is leeched out of many soils, making seafood the only good
natural source (see Chap. 12). In several countries milk is also a good source of iodine, but that is
related to the feed of the cattle and the iodine containing tincture that is used to clean their udders. For
some other nutrients, meeting the requirements of specific subgroups of the population is very
challenging, e.g., iron, zinc, and calcium are generally recognized as key “problem” nutrients for
children aged 6–23 months [21–25] and depending on context other nutrients may also be difficult to
meet by this group, such as vitamin B12, preformed vitamin A and essential amino acids, for which
animal-source foods are the only (B12) or main source [22–25].

In order to consume the recommended amounts of different nutrients, such as essential amino acids,
essential fatty acids, vitamins and minerals, foods from different food groups need to be consumed (see
Table 8.1 from [26]). Also, from within these food groups, different foods need to be chosen. For
example, all animal-source foods provide high quality protein [27] that contains essential amino acids
in good amounts. However, while fish is a good source of essential fatty acids (see Chap. 14), red meat
has a high content of minerals, in particular iron, with high bioavailability, and dairy products are a
good source of calcium, phosphorus and contain insulin-like growth factor. Hence, consumption of a
diverse diet is essential for achieving an adequate intake of all required nutrients.

Country-specific food-based dietary guidelines (FBDG) are formulated to guide people’s choice of
foods toward a diverse diet that matches local food availability and preferences, and that is likely to
meet the needs of most nutrients [28, 29]. FBDG also recommend limiting the intake of “empty
calorie” foods, i.e., those that are just a source of energy (fat and/or sugar) but do not contain much, if
any, essential nutrients, and of foods that contain harmful components (e.g., alcohol, trans-fatty acids,
etc.). They often also recommend consumption of specific nutrient-rich foods, such as iodized salt or
milk fortified with vitamins A and D. Many FBDG also promote drinking water and engaging in

164 S. de Pee

http://dx.doi.org/10.1007/978-3-319-43739-2_16
http://dx.doi.org/10.1007/978-3-319-43739-2_12
http://dx.doi.org/10.1007/978-3-319-43739-2_14


Table 8.1 Essential nutrients and active compounds and their dietary sources, adapted from [26]

Nutrients and active
compounds of concern

Dietary sources Comments

Vitamins, plant origin Vegetables and fruits, grains Bioavailability (due to anti-nutrient content
of plant foods) as well as absolute quantity of
foods to be consumed to meet nutrient intake
recommendations are of concern

Vitamins, animal origin
(especially B6, B12, retinol)

Breast milk, animal milk, organ meat, red
meat, poultry, fish, eggs, butter (retinol)

No single animal-source food (ASF) provides
all the micronutrients that are required from
ASF in adequate amountsa. Thus, a variety of
ASF is required

Minerals Animal-source foods and plant foods When largely relying on plant foods, intake
has to be high (can for example be increased
by using a dried leaf concentrate) and
bioavailability has to be improved,
particularly by reducing content of phytate
and polyphenols, and/or adding vitamin C.
For example, bioavailability of iron is much
higher from meat than from vegetables (see
Chap. 10)

Iodine Sea food, incl algae, and iodized salt The use of iodized salt contributes greatly to
the prevention of iodine deficiency disorders
(see Chap. 12)

Proteins, to result in a diet
with high PDCAASb or
DIAASc value

Soy beans, peanuts, legumes, breast milk,
animal milk, organ meat, red meat, poultry,
fish, eggs

Same comment as for vitamins from ASF, a
mixture of foods is required to ensure
adequate intake of all essential amino acids

Essential fatty acids,
especially a favorable n−6:n
−3 ratio (*6)

Fatty fish or their products, soy bean oil,
rapeseed oil (also known as canola oil)

Only fatty fish and a few vegetable oils have
the preferred fatty acid profile (see also
Chap. 14) and these are not generally con-
sumed in large amounts in LMICs

Linear growth stimulating
factors in milkd

Dairy products (breast milk, animal milk,
yogurt, cheese)

Dried skimmed milk (DSM) when
reconstituted with water is not appropriate for
young children because of the lack of fat. Full
cream milk powder is usually DSM to which,
powdered, vegetable fat has been added.
Cow’s milk is not appropriate for children
below 12 months of age (see also Chap. 15)

Enzymes, that break down
phytate (phytase), and
complex carbohydrates
(α-amylase)

Phytate is present in grains themselves and
released when germinating (requires soaking
for 24 h) or fermenting. Amylase is present
in saliva and in malt

Intrinsic enzyme activity can be stimulated
through specific home-processing or
exogenous enzymes can be added during
industrial processing to work either during
the food production process or while food is
being prepared by the consumer

aEven breast milk is a poor source for certain micronutrients, in particular iron, vitamins D and K (see also Chap. 16). When a
child is born with adequate iron stores, these stores in combination with exclusive breast milk consumption for the first 6 months
of life will ensure that iron needs are met. Introducing complementary foods early reduces bioavailability of some micronutrients,
particularly minerals, from breast milk and could thus increase the risk of deficiencies when the complementary foods are not of
appropriate composition
bProtein Digestibility Corrected Amino Acid Score (PDCAAS) is based on an estimate of crude protein digestibility determined
over the total digestive tract, and values stated using this method generally overestimate the amount of amino acids absorbed
cDigestible Indispensable Amino Acid Score (DIAAS), which is based on amino acid digestibility at the end of the small intestine,
provides a more accurate measure of the amounts of amino acids absorbed by the body and the protein’s contribution to human
amino acid and nitrogen requirements. Some food products may claim high protein content, but since the small intestine does not
absorb all amino acids the same, they are not providing the same contribution to a human’s nutritional requirements. DIAAS will
gradually replace PDCAAS as measure of protein quality as results of in vivo measurements of bioavailability become available
dDifferent components of milk, including phosphorus and insulin-like growth factor, have been linked to linear growth (see
Chap. 15)
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physical activity to promote healthy lifestyles and prevent overweight. Some FBDG distinguish
recommendations for children and for adults, whereas others are formulated for the general popu-
lation. Recently, some FBDG also take environmental footprint and sustainability of food production
aspects into consideration.

Nutrition education for the general public often focuses on explaining FBDG, with limited
attention to constraints and enablers for making appropriate food choices. Dietary advice for specific
subgroups of the population and dietary counseling for individuals take specific needs and constraints
relating to food choice, food access, preparation, and consumption into consideration [30] and is often
provided by specifically trained professionals, such as community health workers or dieticians.

Energy Density and Nutrient Density

Energy density and nutrient density are two most important characteristics of food, because they
determine how much energy and nutrients are contained in a specific amount of food. For example, a
glass of water provides no energy and no nutrients, and a handful of nuts contain macronutrients and
micronutrients in a greater amount than an apple.

Energy Density

Energy density is the amount of energy in a particular quantity of food, expressed as kcal (or kJ) per
gram. Food labels specify energy density for the food as packaged. However, in the case of dry foods
that need to be reconstituted or prepared, such as porridge, the energy density of the food as
consumed is more relevant from a nutritional point of view.

For example, a porridge flour in dry form typically contains around 4 kcal/g, while the porridge
that is made from it may contain 0.3–1.2 kcal/g, depending on the ingredients, how they have been
processed, and how it is prepared, i.e., how much water is added to reach a desired viscosity
(thickness) of the porridge. If the energy density of a porridge is low, one can feel full while only
having consumed a limited amount of energy, and hence a larger number of servings is required in
order to meet energy needs as compared to when energy density would have been higher. Foods with
high energy density are particularly important for young children (aged 6–23 months) with limited
stomach capacity and relatively high energy and nutrient needs to sustain their rapid growth and
development.

Feeding recommendations for 6–23 months old children therefore specify a different number of
meals and snacks per day, depending on the energy density of the main complementary foods
provided and whether they are breastfed [31] or not breastfed [32]. The Codex standard for processed
cereal-based foods for infants and young children specifies a minimum energy density of the porridge
of 0.8 kcal/g [33]. This same level is recommended in the WHO technical note for foods for MAM
treatment [20] and is also in-line with the guidelines for feeding of the breastfed [31] and
non-breastfed [32] 6–23 months old child. Many home-prepared staple-based spoonable porridges
have a lower energy density, due their high content of complex carbohydrates (starch) and low
viscosity.

Energy density can be increased by predigestion of the starchy portion of the grain, i.e., breaking
the complex carbohydrates into smaller chains, which reduces the bulk so that energy content can be
increased while maintaining the same viscosity. Amylase is an enzyme that catalyzes the hydrolysis
of starch, i.e., it breaks down complex carbohydrates, and is contained in saliva of humans and some
mammals as well as in some plants. Predigestion by natural amylases can be achieved by inducing
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germination of seeds by soaking or humidifying [34, 35]. This can be done at home or at industrial
level. In either case, it is important to ensure that growth of mycotoxin producing microorganisms
does not occur while moisture content is high. Industrial processing can also predigest the starch, by
pre-cooking or using amylase. Amylase is also used for brewing beer and producing bread.

While amylase can be applied during industrial processing, it can also be added to flour in order to
“act” while the porridge is being prepared. For this application the porridge flour and water should be
mixed and then warmed up together, as the amylase will “act” while the temperature gradually
increases and will then be inactivated when it reaches >90 °C [36].

The addition of amylase to flour has, for example, been found to increase energy density of
Supercereal Plus porridge from 0.7 to 1.1 kcal/g [37]. The same study found that porridge volumes
consumed by 12–23 months old children were comparable between Supercereal Plus porridges with
and without amylase and that, due to the difference in energy density, energy, and nutrient intake per
meal was approximately 67% higher from the porridges with amylase.

For comparison, lipid-based nutrient supplements (LNS), which have a very low water and
high-fat and sugar content and can be consumed without further preparation, contain approximately
5.3 kcal/g [11, 38]. It is good to note that children will likely want to drink more, whether breastmilk,
water or other liquids, when consuming LNS as compared to porridge.

Increasing energy density of porridge by adding oil and sugar should, however, be done cau-
tiously, because it will lower nutrient density.

Nutrient Density

Nutrient density is expressed as the amount of a nutrient per unit of energy, for example 3 mg
iron/100 kcal. Certain subgroups of the population require foods with high nutrient densities as their
energy intake is low compared to their nutrient needs. For example, during early childhood, the need
for essential nutrients, such as iron, zinc, and essential amino acids is very high due to growth, while
the energy requirement is relatively low as body size is still small. Per 100 kcal of food, a 6–
8 month-old breastfed infant needs more than four times as much zinc and nine times as much iron as
an adult male [39]. This means that foods provided to infants need to be more nutrient-dense, in
addition to also having to be more energy-dense, than foods consumed by older children and adults.

Concurrently Increasing Energy and Nutrient Density

Let us look at what happens to nutrient density when energy density is increased by adding oil or
sugar. A 50 g serving of porridge that contains 40 kcal and 1.2 mg of iron (equal to an iron density of
3 mg/100 kcal), will contain 60 kcal when 5 g of sugar or 2.2 g of oil is added, but its iron density
will decrease from 3 to 2 mg/100 kcal. Thus, in order to achieve the same iron intake, the child would
need to consume 1.5 times as much kcal of the porridge. Alternatively, the iron content of the
porridge would need to be increased in a way that does not reduce energy density. Adding more flour
or vegetables are not good options, because flour would increase thickness of the porridge, which will
be compensated by adding more water and hence it would negate the energy density increasing effect
of the sugar or oil, and adding leafy vegetables will increase volume and reduce energy density.

Home-processing methods that hydrolyse phytate and hence decrease its inhibitory effect on
mineral absorption, such as sprouting, malting, and fermentation, can increase bioavailability of
minerals [40] while also increasing energy density through enabling endogenous amylase action. The
use of these methods, while effective, is not widespread, they take time and mycotoxin producing
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organisms may grow in the moist environment. Other ways to increase nutrient density without
reducing energy density include adding some meat, which already has a high energy- and
nutrient-density itself, or adding micronutrient premix. Premix can be included in the fortified flour,
or be added to the meal in the form of so-called “home-fortification,” where a micronutrient powder
[41–43] or small amount of fortified spread (e.g., small-quantity lipid-based nutrient supplement,
SQ-LNS) is added to the porridge [44, 45].

High Energy Foods with Low or High Nutrient Density

The low density, or absence, of essential nutrients in high-fat and high-sugar foods, such as chips,
cookies, and sugar-sweetened beverages, is why these are called “empty-calorie” foods, i.e., they
have a high caloric content but provide not much if anything of other nutrients. In order to prepare
meals with adequate and balanced nutrient content, nutrient-dense foods should be selected, such as
fruits, vegetables, animal-source foods, as well as fortified foods, and the intake of high-fat and
high-sugar foods should be limited.

The high nutrient and high energy needs of children with SAM, for example, can be met with
RUTF, which is a lipid-based product that has a high energy density due its high content of sugar and
vegetable oil, and its high nutrient density is achieved through fortification.

How to Determine (Risk of) Nutrient Deficiencies, at Population Level?

Given that there are specific recommended nutrient intakes for normal, healthy people, and that public
health nutrition is concerned with ensuring that most people in a population meet their requirements,
indicators are required to determine whether intakes are meeting needs and whether specific measures
are required to increase intake, by the general population or specific subgroups.

In terms of indicators, there are those that assess nutrient intake, those that assess nutritional status,
for example, in blood, urine, hair, or saliva, and those that assess specific or unspecific clinical signs
of deficiency or excess.

Let us look at the history of vitamin A deficiency control and how different indicators were used to
guide decisions about the need and strategies for increasing vitamin A status. In the 1990s, vitamin A
supplementation among children under-five using high-dose capsules gradually increased in scale as
several studies, and the meta-analysis of these studies, had shown its impact on preventing child
mortality (see Chap. 9 by Palmer, Darnton-Hill and West). Fortification, for example of vegetable oil,
and dietary diversification, including home gardening, were also promoted, for longer term sus-
tainability as well as for addressing deficiency in other target groups that were not eligible for vitamin
A supplementation. However, the question that policy makers and scientists grappled with was “What
should be the basis for deciding to implement a vitamin A deficiency control program, including
vitamin A supplementation?”

Initially, the guidance from the International Vitamin A Consultative Group (IVACG) was to
assess the prevalence of vitamin A deficiency, using two or three indicators that included dietary
intake of vitamin A, vitamin A status and/or clinical signs of deficiency (night blindness and
xerophthalmia). However, collecting these data, preferably at national scale and among different
target groups, requires financial resources, time and expertise such as food composition tables,
laboratory capacity, etc. These requirements proved to be a considerable bottleneck and delayed
decision-making. Then, at the twentieth IVACG meeting in Hanoi in 2001, it was decided that rather
than proving that there was a vitamin A deficiency problem by focusing on indicators specific for
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vitamin A deficiency, mortality rates should be used to assess the likelihood that vitamin A deficiency
was a problem. Under-five mortality rate (U5MR) above 50/1000 live births was considered sufficient
“evidence of need” to implement a vitamin A supplementation program among children aged 6–
59 months [46], because vitamin A supplementation addresses a cause of child mortality that is very
likely to play a role where child mortality is above that level. The evidence requirement was thus
turned around: based on U5MR > 50 a vitamin A deficiency problem should be assumed requiring
immediate or continuing action, and also for U5MR between 20 and 50 it should be assumed unless
indicators of vitamin A status could show that this was not the case [46]. This change of guidance
markedly increased the number of countries that started, and still implement, vitamin A supple-
mentation programs.

For prevention of undernutrition, including micronutrient deficiencies, programming is also often
based on estimating the likelihood of inadequate intake using proxy indicators. For example, the
home-fortification technical advisory group (HF-TAG) has listed the following indicators for deter-
mining whether micronutrient deficiencies are likely among young children (6–59 or 6–23 months
old) in a publication endorsed by Centre for Disease Control, Atlanta (CDC), Global Alliance for
Improved Nutrition (GAIN), Helen Keller International (HKI), Micronutrient Initiative, Sight and
Life, Sprinkles Global Health Initiative, UC Davis, UNICEF, and WFP [41]:

• anemia prevalence, as indicator of micronutrient deficiencies more broadly;
• stunting prevalence as indicator of likely dietary inadequacies;
• frequent infections, as indicator of higher (micro)nutrient needs;
• nightblindness during pregnancy as indicator of dietary micronutrient deficiencies more broadly;
• lack of dietary diversity, in particular low consumption of animal-source foods and fortified foods;
• inadequate nutrient density of typical complementary foods, which is common where children eat

from the family pot and do not receive foods that are specifically prepared for them;
• food insecurity.

In settings where deficiencies of micronutrients and other essential nutrients are likely, and likely
related to inadequate nutrient content of complementary foods, the HF-TAG recommends to use
home-fortification (explained in next section) for improving the essential nutrient content of com-
plementary foods. The following indicators are proposed by HF-TAG to determine whether low
nutrient intake from complementary food is likely:

• low dietary diversity due to limited availability and/or affordability of foods from different food
groups;

• insufficient nutrient content and density of complementary foods, e.g., predominant consumption
of watery porridges;

• poor bioavailability of micronutrients in case of largely plant-source based meals (e.g., phytate in
plant foods limits absorption of minerals such as iron and zinc).

Thus, for population level interventions that aim to improve intake of essential nutrients, including
micronutrients, proxy indicators of risk of deficiency rather than evidence of deficiency of individual
nutrients, which would require data on their actual intake and/or status, often suffices. Furthermore,
since dietary deficiencies rarely apply to single micronutrients, HF-TAG recommends providing a
combination of 15 vitamins and minerals. Some of these micronutrients, i.e., minerals and fat-soluble
vitamins, can be stored by the body, while water soluble vitamins cannot. The home-fortificant should
hence be consumed on a regular basis, as opposed to daily for one or two months followed by a
couple of months without supplementation, to ensure a continuous addition to daily nutrient intake.

While the above concerns the evidence required to implement a home-fortification program, for
which likelihood of dietary deficiency suffices, the commodity that is provided should be chosen
based on data that show that it has good shelf-life and is efficacious for improving micronutrient
status. This can apply to the specific formulation as a whole, or to its individual components, i.e., the
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forms of the micronutrients that are included. For micronutrient powder, evidence of impact on
micronutrient status is available for a number of its micronutrients [42, 43] and for the other ones
chemical forms have been chosen that are known to have good stability and bioavailability.

However, in specific situations more information is required in addition to proxy indicators of
likely dietary deficiencies, including:

• Where there are concerns about excessive intake of specific nutrients, for example, in situations
where fortification and supplementation are taking place concurrently, it is important to collect
nutrient intake data, especially among the subgroups that might reach higher intake levels than
intended. When good intake data are available, specific software such as IMAPP [47] can be used
to simulate how different food vehicles and micronutrient addition levels would change the
prevalence of micronutrient intakes below the EAR and above the UL in different population
groups. See also Bruins et al. for a further discussion about the traditional cut-point method to set
fortification levels and a stepwise approach that considers risk-benefit in greater detail with
examples from mostly high-income countries where nutrient intakes are higher and multiple foods
are fortified, and good quality intake data are available [7]. In addition, biochemical indicators can
be used to assess whether too high circulating levels of specific nutrients affect a proportion of the
population, e.g., of iodine or vitamin A (see also Chap. 5 on Malnutrition spectrum).

• Among populations with specific conditions, such as high prevalence of thalassemia who may
have increased iron absorption and storage [48], or who prepare their food in iron pots due to
which their iron intake may already be adequate, it could be decided to add no, or a low level, of
iron. If such specific conditions are suspected, this needs to be investigated and included in the
risk-benefit assessment.

Ways to Correct Inadequate Nutrient Intake at Population Level

Population level interventions for increasing (micro)nutrient intake can target (a) the population in
general, (b) specific subgroups with a higher risk of inadequate intakes, such as children aged 6–
23 months, and/or (c) groups with a higher risk of deficiencies, such as those with low
socio-economic status who do not consume an adequately diverse diet.

There are basically three ways to increase nutrient intake: (1) by increasing intake of natural,
unprocessed, foods that are a good source of specific nutrients, (2) by increasing consumption of
foods of which micronutrient levels have been increased through fortification, and (3) by nutrient
supplementation. It is important to note that these strategies are complementary, because they may be
applied to different target groups, increase the intake of different nutrients, reach different individuals,
etc.

Dietary approaches for increasing (micro)nutrient intake encompass both increasing intake of
nutrient-dense, unprocessed foods, such as animal-source foods, vegetables, and fruits, as well as
increasing consumption of fortified foods.

Increasing Contribution from Nutrient-Rich, Unprocessed, Foods

Increasing intake of naturally nutrient-rich foods is preferred wherever possible, and greater dietary
diversity increases the likelihood that nutrient needs are being met. Table 8.1 shows which types of
foods contribute which type of nutrients. As mentioned before, dietary diversity is essential for
meeting nutrient requirements, and this includes choosing foods from different food groups and also
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different foods from within these food groups. Social behavior change communication (SBCC)
typically focuses on good infant and young child feeding practices, including breastfeeding practices,
introduction of complementary foods, which foods to choose and how to prepare them, number and
size of meals and snacks, hygiene practices for food preparation and storage, etc., and also addresses
constraints to being able to implement the advice [30].

Preserving nutrient content and reducing losses, during food storage, processing and preparation,
can also contribute to increasing nutrient intake. The choice of a specific combination of foods and
ways of processing can also be used to improve bioavailability of micronutrients, such as avoiding
having tea with meals (as tannins inhibit iron absorption) and adding fruit (as vitamin C enhances iron
absorption), or germination of seeds to release phytase, which breaks down phytate, an important
inhibitor of iron and zinc absorption.

However, it is important to assess and manage constraints related to meeting nutrient requirements
from locally available, unfortified, foods by different groups in the population. For example, avail-
ability and affordability of foods limit the extent to which dietary diversity can be increased [49, 50],
some nutrients are required in very high amounts by specific population groups (e.g., pregnant
women), some nutrients are only contained in sufficient amounts in animal-source foods (vitamin
B12, preformed vitamin A, minerals with good bioavailability such as iron and zinc), and some
nutrients cannot be obtained from natural foods (e.g., iodine only occurs naturally in seafood).

Fortification

Fortification refers to the addition of micronutrients to foods to restore levels to the levels prior to
processing, or to enrich foods because of the population’s need for the micronutrient(s) and the
opportunity to add it, e.g., as food is being processed (grain is milled to flour, salt is processed and
packaged, etc.). The provision of micronutrients was ranked as one of the most cost-effective inter-
ventions for economic development according to the 2012 Copenhagen Consensus, and adding them
in the form of fortification is particularly cost-effective because it can piggyback on already existing
distribution channels for the food vehicles. The following forms of fortification can be distinguished:

Biofortification

Biofortification refers to breeding crops, conventionally or using genetic modification, to contain a
higher level of micronutrients, such as provitamin A rich orange-flesh sweet potatoes, rice and
cassava, high iron beans, and pearl millet, rice and wheat with increased zinc content [51]. This form
of fortification is comparable to staple food fortification, with the advantage that the crop can be
harvested, prepared and consumed without any specific, industrial processing. This makes bioforti-
fication very suitable for population groups that do not access processed foods, provided that they will
accept the biofortified crop, also for its growing properties such as drought and pest resistance and
yield, and access it [52]. Another important difference is that biofortification usually focuses on 1–3
micronutrients per crop, whereas industrial fortification can add a larger number of micronutrients.

Industrial Fortification of Foods for the General Population

Foods that are fortified for the general population can include wheat and maize flour, vegetable oil,
salt, sugar, margarine, breakfast cereals, milk powder, fish sauce, soy sauce, etc. [53]. Fortification of
commonly consumed foods started almost 100 years ago in Europe and North America, and is still an
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important strategy in those countries and beyond for preventing deficiencies of specific micronutri-
ents. For example, to prevent iodine deficiency, many countries have now introduced iodized salt (see
Chap. 12). Foods such as flour and rice are, for example, fortified with folic acid, to prevent neural
tube defects, with iron to prevent iron deficiency and iron deficiency anemia, and with B-vitamins to
prevent anemia, weakness, fatigue, and other consequences [5, 54]. Foods containing fat, such as milk
and margarine, are often fortified with vitamins A, D and E.

One of the earliest stories of fortification with vitamin A is from Denmark. When margarine
replaced butter in Denmark, between 1911 and 1917, a gradual increase of keratomalacia, which had
just been recognized as a clinical sign of vitamin A deficiency at that time, was noted. This incidence
dropped in 1918–19 when a German submarine blockade prevented Denmark from exporting its
butter and it was rationed at a price that was more affordable to the poor. When the blockade was
lifted in May 1919, keratomalacia re-occurred [55, 56]. Physicians treated the disease with milk,
butter and cod liver oil. In 1937, Denmark mandated that margarine be fortified with vitamin A and
the United States and Great Britain also introduced it around the same time [56].

Industrial Fortification of Foods for Specific Target Groups

Foods fortified for the general population cannot address the whole gap of micronutrient(s) in the diet
of groups with relatively high needs, such as young children who consume small amounts of these
foods that are fortified at a level that meets the requirements of adults (as described before, young
children need foods of higher nutrient density). Infant cereals are a good example of a special
nutritious food for young children.

Home-Fortification or Point-of-Use Fortification

Instead of adding fortificants during industrial processing, they can also be added manually to
prepared foods, just before consumption. This can be applied to individuals’ meals at home
(home-fortification) or to group meals such as in a school’s kitchen (point-of-use fortification). The
best-known commodity for this form of fortification is micronutrient powder (MNP), which is used
for fortifying meals with micronutrients, often 15 vitamins and minerals at a level of 1 RNI [41–43].
For young children (6–23 or 6–59 months), a single dose sachet of 1 g is used, while for school
children a multi-serving sachet of 8 g has been developed for adding to a meal of 20 children.
Another commodity that can be used for home-fortification is a small-quantity LNS (LNS-SQ), often
20 g/d, which can be added to a child’s porridge or might also be eaten straight out of its sachet
[44, 45]. LNS contains micronutrients, as well as macro-minerals (e.g., Ca, P, Mg), milk powder and
essential fatty acids. As it contains a wider range of essential nutrients than MNP, it is typically used
where the nutrient intake gap of the target population is estimated to be larger, for example, as
indicated by not only a high prevalence of anemia, but also of stunting.

Considerations for Fortification

Foods fortified for the general population, such as flour, salt, sugar, and vegetable oil, piggyback on
already existing food distribution systems and consumption practices. However, when fortification is
not mandatory, consumers need to make a conscious choice for a fortified product, which is often
also somewhat more expensive. Thus, informing consumers about the benefits and encouraging
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consumption of the fortified option is very important and should be done by both the public sector
(“select fortified options because of health benefits”) and the private sector (“this food is fortified with
the following micronutrients”). Special nutritious foods, as opposed to foods fortified for the general
population, are designed to meet the requirements of specific groups, who need to be specifically
reached and encouraged to consume the specific product, whether it is a fortified complementary food
or a product for home-fortification such as micronutrient powder.

The choice between different commodities for home-fortification and specialized nutritious foods
such as infant cereals can be made based on the estimated nutrient gap, food consumption practices
such as familiarity and acceptance of specific commodities, who will be targeted using which dis-
tribution channel and modality, ability to pay, whether it is the consumer or the public sector paying,
etc. For example, in a relatively small country where micronutrient deficiencies are the main problem,
where the health system appears best placed to distribute a nutritious product to all children aged
6–23 months, and the budget is limited, MNP may be selected. In a larger LMIC where a segment of
the population already purchases infant cereals, the government can promote those infant cereals that
meet well-defined nutritional and safety standards. This will assist the population as they make
choices for self-purchasing, and the government can ensure access to these “approved” products by
poorer segments of the population through a subsidy or voucher scheme that could for example be
linked to social safety net support. Such an approach is comparable to that of the Special
Supplemental Nutrition Program for Women, Infants, and Children (WIC) that provides Federal
grants to States in the US for specific supplemental foods, health-care referrals, and nutrition edu-
cation for low-income pregnant, breastfeeding, and non-breastfeeding postpartum women, and to
infants and children up to age five [57, 58].

Whichever commodity is selected to improve the nutrient content of the complementary feeding
diet, it should be promoted and distributed in a way that supports breastfeeding, promotes a healthy,
diverse complementary feeding diet based on locally available and affordable foods, and respects
local dietary habits. The introduction of new foods or commodities for home-fortification should be
carefully planned, starting with assessment of local practices and values around foods and health, in
order to design appropriate strategies and communication messages, including on optimizing use of
locally available foods and good feeding practices [59–61]. In general, a combination of commu-
nication channels will need to be used, including interpersonal with trusted people, such as
health-care workers and community volunteers, messages on the packaging, and mass media. The
specific information on the commodity should cover different aspects, including why consumption of
the commodity is recommended, which should link to values that the target group has, by whom it
should be consumed, how, in what amount, how frequently, etc. Furthermore, these specific com-
modities should be promoted and distributed as part of a wider strategy or program on good infant
and young child feeding and health. In fact, they are best distributed using platforms that already
provide information or interventions for nutrition and health to the target group, such as child-health
days [62].

The fact that food systems are accessed differently by different groups can also be used to target
the distribution of foods fortified for the general population to groups that need it the most. Some
examples: rice fortification in Bangladesh has started with fortifying the rice that is distributed
through the social safety net scheme in a particular part of the country [63]; in Gujapati, India,
fortified rice is included in the midday meal program that is provided to school children; and in
Indonesia, a soy sauce producer decided to fortify the soy sauce that is sold in single meal sachets and
is preferentially bought by the poor, whereas the richer buy soy sauce sold in glass bottles and smaller
plastic bottles that was not fortified. Prior to its distribution through commercial channels, the iron
fortified soy sauce had already been used in the Tsunami relief operation in Aceh [64].
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Setting the Nutrient Level for Fortification

When fortifying foods, there should be a good balance between benefit, i.e., correcting intake and
preventing deficiency and associated disorders, and risk, i.e., providing too much to certain indi-
viduals who already have high intakes or have special conditions that interfere with nutrient needs or
utilization such as thalassemia [48].

As explained above, the EAR, RNI, and UL should guide setting the level for fortification.
The EAR of adult males and females is the target level that the fortified food(s) should provide at
common levels of consumption of the fortified vehicle. This level is around 70% of the RNI and the
RNI is several times lower than the UL. By setting the level in this way, consuming too much of a
nutrient that is added to a food consumed by the general population is virtually impossible. For
example, if flour is fortified to provide the EAR of folic acid, i.e., 200 µg/d, at an average flour
consumption level of 250 g/d, one would have to consume 1.2 kg of the fortified flour every day over
a prolonged period of time to consistently exceed the UL of 1 mg.

From this example, it follows that a too high micronutrient intake mainly comes from supplements,
which generally have a higher micronutrient content and can therefore more easily be overdosed.
However, directions for use specify the recommended dose and overdosing on supplements is rare.
Specialized fortified products, such as micronutrient powder and LNS-SQ, could potentially also be
overdosed, but since they contain approximately 1 RNI per dose, are packaged in single-serving
sachets, carry clear instructions on consuming not more than one serving per day, and are usually
provided in limited numbers at a time (10–30 servings per month), the risk of excessive intake is also
very low for this type of commodity.

To set the (micro)nutrient level for complementary foods or complementary food supplements for
home-fortification (LNS-SQ, MNP), the following considerations are important:

• The target is to reach the RNI for a wide variety of nutrients from the total diet, including the
specific additional commodity.

• The requirement of the group with the largest nutrient intake gap is most important.
• The frequency at which the commodity will be consumed, i.e., if consumption is likely to be a few

days per week, the micronutrient content may have to be set at 1 RNI, whereas it can be lower if
consumption will likely be daily.

• Will people purchase the commodity or will it be distributed for free, in which case the number of
dosages provided can be more controlled.

Complementary foods in Europe are typically fortified at a level of one-third of the RNI per
serving, because children are more likely to receive more than one serving of this kind or other
fortified products, such as powdered milk or formula, per day. However, where few fortified foods are
available for this target group and consumption frequency is generally still low, a higher level of
fortification is recommended, to ensure that they are likely to make a substantial enough contribution
to micronutrient intake, also when they are not consumed every day. For example, GAIN recom-
mends that a serving of complementary food contains 50% of the RNI [65] and similarly, Supercereal
Plus for complementary feeding that is supported by the World Food Programme contains 1 RNI per
50 g of porridge flour that makes 200–300 g of porridge [66].

Standards, Specifications and Quality Control for Fortified Foods

Food standards specify the required quality and nutrient content of foods, in order to provide clarity
and protection for both manufacturers and consumers. The FAO/WHO Codex Alimentarius
Commission develops harmonized international standards, guidelines, and codes of practice and
countries often use these as the basis for national legislation. Fortification levels are typically set in
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specifications, which are developed for foods with a specific purpose or for a specific target group and
are more specific than standards, which usually apply to broader categories of foods.

Compliance of final products with standards and specifications needs to be ensured by manu-
facturers while the public sector, i.e., government and non-governmental organizations, should
independently monitor manufacturing practices and final products. Conducting tests for nutrient
content and safety, in terms of microbiology, toxins, external matter, etc., at various points during the
production chain requires specific expertise, both within and outside of manufacturing facilities.

Field tests have become available to assess, quantitatively or semi-quantitatively, the nutrient
levels of fortified foods at household or sales points [67]. Such tests are very helpful to monitor
implementation of fortification programs.

Supplementation

Supplementation is mainly indicated when nutrient intake should be substantially increased or can be
given at a high dose with long time intervals in-between, such as in the case of fat-soluble vitamins
that will be stored by the body, or when food fortification cannot reach specific target groups, for
example when people use self-produced salt or sugar, which is hence not fortified with iodine or
vitamin A, respectively. Most supplementation is in the form of tablets or capsules and hence often
targeted at older children and adults, such as pregnant and lactating women. Some supplements are in
the form of syrup or oil. For public health programming, syrup is not very practical because of its
large volume and cost, which hinders use at scale. Possibly, the best example of a supplement in oil is
vitamin A, which is distributed in capsules that are cut open and the content squeezed into the child’s
mouth at biannual vitamin A supplementation days (see Chap. 9).

Ascertaining Impact of Measures to Correct Dietary Deficiencies

The impact of interventions for increasing (micro)nutrient intake should primarily be evaluated for
their impact on nutrient intake. For this, several aspects need to be ensured and assessed, as follows
[68]:

• The food/commodity is nutritious, efficacious, and safe. In the case of fortification that means that
it contains nutrient forms that have good bioavailability and stability as included in the commodity
(i.e., not interacting with the other nutrients). For production, it means that this is done according
to specification and shelf-life is confirmed (i.e., content of vitamins remains within the range
specified on the label).

– The commodity is available to the intended consumers, whether distributed for free or to be
purchased.

– The commodity is accepted by the consumers (i.e., product type is acceptable, packaging is
appreciated, appearance, smell and taste are good).

– The target group obtains the commodity as intended.
– The commodity is consumed as expected or recommended (amount consumed per serving,

number of servings per day/week).
– Intake of (micro)nutrients from other sources remains the same, so that the specific fortified

commodity complements the existing (micro)nutrient intake from other foods.
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For all these “conditions” to be met, they should be well planned, implemented, assessed, and
adjusted where necessary. This requires good planning and continuous coordination among all
stakeholders involved, whether it concerns a specific project or a strategy that is implemented
nationwide. The larger and more complex the strategy, and the more stakeholders of different dis-
ciplines (e.g., health, education, agriculture, and social protection) and constituencies (private sector,
government, civil society, and academia) are involved, the better the coordination should be.
Integration into existing systems is likely to work best and is more cost-efficient.

For monitoring implementation, coverage, and compliance as well as trends of dietary diversity,
total nutrient intake, nutritional status, and health over time, existing data collection systems should
be used as much as possible. For example, national standard of living survey data can be used to
assess food expenditure patterns, DHS data can be used to monitor dietary diversity and consumption
frequency among young children, and specific questions can be added to either of these data col-
lection system that, for example, assess penetration and consumption of specific fortified foods.

As mentioned above, while nutrient intake needs to be adequate in order to avoid deficiencies,
adequate intake of specific (micro)nutrients alone may not be enough to achieve a good nutritional
status, for example as assessed by the prevalence of stunting or anemia. This can be related to
suboptimal intake of other nutrients as well as to other direct causes of undernutrition such as disease,
helminthes infections, subclinical inflammation, and environmental enteric dysfunction. For example,
recent proteomics and metabolomics research has found that stunted children have lower circulating
levels of essential amino acids, which may mean that their intake of good quality protein is limiting
their linear growth [69]. Increasing these children’s intake of micronutrients will improve micronu-
trient status and may reduce problems associated with micronutrient deficiencies, such as morbidity,
but may have a limited intake on stunting reduction if their protein intake is not adequate, or on
anemia if they also suffer from malaria. Chapter 3 discusses in more detail the difficulties of assessing
impact of a modest increase of nutrient intake, for example, from fortified foods, on nutritional status
and functional outcomes that are also influenced by many other factors.

The interest to assess impact on indicators such as prevalence of anemia and stunting is driven by
the fact that their prevalence is often what prompts action as well as by the fact that evidence-based
guidelines are intervention rather than problem focused (see Chap. 3). However, while stunting and
anemia are indeed related to inadequate nutrient intake, that is not their only cause. The success of
interventions to improve nutrient intake should therefore not be assessed based on their impact on
these composite outcome indicators but rather from impact on what it directly aims to addresses, i.e.,
nutrient intake and whether that is increased enough.

Instead of evaluating the impact of a specific intervention that addresses one of the causes of
stunting or anemia, comprehensive assessments over time are required. These assessments do not
have to be undertaken exclusively for this purpose, but can also be conducted by adding specific
questions or modules to other systems (see above). It is important that multiple factors are covered
that relate both to dietary and health aspects and their related factors, to enable an understanding of
whether progress is being made, and what the main limiting factors for further progress are that may
need further action [70, 71] (See also Chap. 3 by de Pee and Grais and Chap. 27 by Olney, Leroy,
and Ruel).

Conclusion

Dietary reference intakes have been established for normal, healthy people of different age, sex,
physiological state and physical activity groups. The EAR (estimated average requirement) specifies
the level at which 50% of the population would meet their needs and the RNI (recommended nutrient
intake) the level at which 97.5% would meet their needs. People who suffer from malnutrition or
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frequent or chronic infections have higher nutrient needs, and for some of these groups specific intake
recommendations have been proposed. Meeting nutrient intake recommendations requires con-
sumption of a diverse diet. Groups with high nutrient needs, relative to body size and/or energy
intake, such as young children, should consume foods with high energy and nutrient densities (i.e.,
energy per g of food as consumed, and amount of nutrients per unit of energy, respectively). Proxy
indicators of likely (in)adequacy of nutrient intake, such as dietary diversity and food insecurity, or of
malnutrition, such as anemia and stunting, can be used to determine whether (micro)nutrient intakes
are likely to be adequate or not. Many groups require some fortified commodities, at a minimum
iodized salt for non-seafood consuming populations and iron and zinc in foods or food supplements
for many 6–23 months old children. Options for fortification include biofortification (i.e., breeding
crops with higher nutrient content), fortification of staple foods or foods for specific groups, and
home-fortification. One can target nutrient interventions to specific groups, in terms of stage of the
lifecycle as well as socioeconomic status (affordability issues) or geographic area (accessibility
issues) and use different channels, including health programs, commercial channels, and social safety
nets. When measures are taken to increase nutrient intake, these should be evaluated for their impact
on nutrient intake. Over time changes of nutritional status can be monitored, but it is important to
acknowledge that nutritional status is also affected by other factors, which should all be monitored as
well.

Discussion Points

• Which food processing and preparation methods can be used at home to increase (a) energy
density and (b) nutrient density?

• What should be the nutrient intake target for a specific population group, their EAR or their RNI?
• What are the advantages and difficulties of mandatory fortification, from public health, food

manufacturers and consumers perspectives?
• How should the targeted nutrient intake contribution of a specific fortified commodity be decided,

i.e., which target group’s needs should guide setting of the level, and what information is required
to be able to propose a level?

• How can the public sector and the private sector, including both food and non-food sectors,
contribute to improving nutrient intake among the most vulnerable, including specific age as well
as socioeconomic groups?
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Chapter 9
Vitamin A Deficiency

Amanda C. Palmer, Ian Darnton-Hill and Keith P. West Jr.

Keywords Vitamin A � Xerophthalmia � Epidemiology � Prevention � Treatment

Learning Objectives

• Describe the two major functions of vitamin A that underscore the nutrient’s public health
importance.

• Identify dietary sources of preformed vitamin A and provitamin A carotenoids.
• Describe how vitamin A is absorbed and metabolized.
• Describe the consequences of vitamin A deficiency for ocular health and survival of infants,

children, and reproductive aged women.
• Describe the epidemiology and the clinicopathologic features of vitamin A deficiency in child-

hood and during the reproductive years.
• Evaluate the current approaches for the prevention of vitamin A deficiency.

Introduction

According to the World Health Organization (WHO), vitamin A deficiency affects an estimated 190
million preschool-aged children and 10 million pregnant women in low-income countries [1].
Prevalent cases of preschool xerophthalmia are believed to number *5 million, of which 10% can be
considered potentially blinding, continuing to make this ocular condition the leading cause of pre-
ventable pediatric blindness in the developing world [2]. Recent analyses suggest a decline in the
prevalence of vitamin A deficiency over the past quarter of a century, from 39% in 1991 to 29% in
2013 [3]. The greatest progress has been achieved in Southeast Asia and Latin American and the
Caribbean, whereas prevalence estimates exceed 40% in both sub-Saharan Africa and South Asia [3].
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Even with these reductions, vitamin A deficiency remains an underlying cause of at least 157,000
early childhood deaths due to diarrhea, measles, malaria and other infections each year [4]. Deficiency
is also recognized as a problem among women of reproductive age in many developing countries [5–
10], appearing to reflect a chronicity of dietary deficiency that may extend from early childhood into
adolescence [11] and adulthood.

This chapter provides a brief orientation to the vitamin itself, including its chemical structure,
dietary sources, absorption, metabolism, and functions followed by discussions of the ocular, health,
and survival consequences of vitamin A deficiency, its epidemiology in childhood and during the
reproductive years, its clinicopathologic features, diagnosis, treatment, and approaches to prevention
through dietary improvement, supplementation, fortification, and biofortification.

The Nutrient: Vitamin A

Vitamin A is essential in regulating numerous key biologic processes in the body, including those
involved in morphogenesis, growth, maturation, vision, reproduction, immunity, and more broadly,
cellular differentiation and proliferation throughout life. Neither humans nor animals can synthesize
or survive without vitamin A. Thus, it must be provided from the diet in sufficient amounts to meet all
physiologic needs. Excellent, comprehensive reviews exist on the structure, absorption, metabolism,
and functions of vitamin A [12, 13].

Structure and Nomenclature

The term vitamin A generically refers to compounds with biologic activity of all-trans retinol (R–OH)
that, as depicted in Fig. 9.1, also include retinaldehyde (retinal) (R–CHO), various retinyl esters (the
dominant form in food) (R–OO), and retinoic acids (R–OOH), among other vitamin A-active
metabolic intermediates [12, 13]. Geometric isomers, in trans (straight-chained) and cis
(bent-chained) configuration, are known to occur with retinal (e.g., in the visual cycle) and retinoic
acid (e.g., that interact with nuclear receptors to activate gene transcription). Naturally occurring
vitamin A compounds are considered to be a subset of a much larger family of “retinoids” that share a
common, monocyclic, double-bonded chemical structure with various functional terminal groups.
The vast majority of retinoids, however, are synthetic, investigative compounds that are not found in
the diet and do not possess vitamin A activity [13, 14].

Lipid-soluble, yellow, and orange pigments known as carotenoids, found mostly in plants, provide
the precursor form of vitamin A to all mammalian diets. There are *600 known carotenoids in
nature, most of which have the general chemical structure of C40H56On, where n, the number of
oxygen molecules, can vary from 0 to 6. The colors of carotenoids derive from their extensive
double-bond structures that absorb light. Carotenoids lacking oxygen in their chemical make-up are
termed hydrocarbon carotenoids or “carotenes” (e.g., b-carotene, a-carotene, and lycopene) while
those containing oxygen within their polar functional group are known as “xanthophylls” (e.g.,
b-crpytoxanthin). Among the many carotenoids, *50 have been shown to possess biological activity
of vitamin A, though far fewer are considered of nutritional importance in the human diet [13, 15].
Beta-carotene is the most ubiquitous carotenoid in foods and most efficient in its bioconversion to
vitamin A, with a structure that, when centrally cleaved by enzyme action in the intestine yields two
identical molecules of retinal that can be reduced to retinol [16]. Asymmetric (or eccentric) cleavage
of b-carotene may also occur, generating molecules of different chain length called b-apocarotenals,
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the longer of which can still be shortened to form a molecule of either retinal or retinoic acid
(Fig. 9.1) [17]. Chemical structures of all-trans b-carotene, a-carotene, and b-cryptoxanthin com-
prising the most abundant provitamin A carotenoids are depicted in Fig. 9.1.

Absorption and Transport

As fat-soluble compounds, vitamin A and its precursor carotenoids are digested and absorbed by
mechanisms common to lipids, and thus require the presence of dietary fat. Approximately 5–10 g of
fat in a meal appears to be sufficient to assure absorption [13]. Preformed vitamin A esters are
hydrolyzed to retinol by pancreatic and brush border enzymes, mixed with micelles and absorbed by
diffusion, though protein carriers may also facilitate uptake [18]. Within the enterocyte, most retinol
from preformed and provitamin A sources is re-esterified, incorporated into chylomicrons with other
lipophilic molecules (including b-carotene), and secreted through intestinal lymph into portal cir-
culation. A small proportion of unesterified retinol is also released into general circulation that can
nourish tissues directly [13, 18]. Prior to reaching the liver, chylomicrons are reduced in size to
remnants that, because of their lipophilic nature, retain most of the vitamin A. On reaching the liver,
deposited retinyl esters are hydrolyzed to retinol and transferred to stellate cells to be stored as esters.

Fig. 9.1 Chemical structure of vitamin A-active retinoids and some of the most common provitamin A carotenoids.
Ring and side-chain structures to which end groups are attached are referred in the text as “R” (adapted from [13, 15])
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Fifty to 80% of the stored vitamin A in the body resides in the liver, from where it is released into
circulation in association with retinol-binding protein (RBP) and transthyretin, a protein complex that
transports the vitamin to tissue sites where it is delivered to cells via RBP receptors located on the cell
surface [13]. Within the cell, binding proteins escort retinoids to their cytoplasmic and nuclear sites of
action.

Metabolism and Functions

Among numerous cellular mechanisms influenced by vitamin A, at least two reveal its essentiality,
and underscore its public health importance: one, as an optical sensor in the visual cycle, the
description of which earned George Wald the Nobel Prize in 1964 [19], and the other as a regulator of
gene transcription which affects cellular differentiation and function.

Visual Cycle

Participation of vitamin A in the visual cycle enables vision under conditions of dim light. Inadequate
vitamin A nutriture can sufficiently deprive rod cells to such an extent that it impairs night vision and
leads to “night blindness,” a well-known disorder and clinical indicator of vitamin A deficiency [2].
In the cascade of events that enable low-light vision, vitamin A, in its aldehyde form (11-cis retinal),
acts as a light-absorbing component (chromophore) of the visual pigment rhodopsin (known as
“visual purple”), a protein which resides at the outer segments of rod photoreceptor cells in the retina
[20, 21]. The initial step in vision occurs when light strikes photoreceptors and causes 11-cis retinal to
isomerize to its all-trans form. The reaction induces a change in the conformation of rhodopsin that
activates another protein, transducin, which initiates a change in cell membrane potential and a
cascade of neurochemical reactions that transmit signals along the optic nerve to the brain, creating a
visual image [21, 22]. As all-trans retinal dissociates from rhodopsin, the visual pigment becomes
colorless at which point it is said to be “bleached.” The open protein remains deactivated until it
reattaches another molecule of 11-cis retinal to form rhodopsin and regain its photoreactive potential
[21, 22]. The 11-cis retinal required to react with opsin comes from retinol that is either delivered to
the retinal pigment epithelium (RPE) of the eye via choroidal circulation or has been recycled via the
visual (or retinoid) cycle [21], depicted in Fig. 9.2. In this cycle, the all-trans retinal released from
rhodopsin after bleaching is reduced to all-trans retinol and escorted by an interphotoreceptor retinoid
binding protein (IRBP) from the rod through an interstitial matrix to the RPE, where it is esterified,
hydrolyzed and isomerized, and finally oxidized to 11-cis retinal. A parallel, light-induced pathway
also exists in the RPE that forms 11-cis from all-trans retinal [21, 22]. The retinoid cycle is completed
when the 11-cis isomer of retinal is escorted by the IRBP back from the pigment epithelium to the rod
outer segment where it attaches to opsin to form rhodopsin.

Gene Regulation

A second major function of vitamin A involves its ability to regulate gene transcription, representing
the pathways by which vitamin A is likely to mediate most, though not all, of its effects on embryonic
development, organogenesis (e.g., lung, heart, vasculature, central nervous system, kidney, and
limbs), immune function, tissue epithelialization (including the corneal and conjunctival surfaces of
the eye) and homeostasis, hematopoiesis, and bone growth and development [13, 23, 24]. In the
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nucleus of the cell, all-trans and 9-cis retinoic acids complex with, and activate, retinoid acid
(RAR) and retinoid X (RXR) receptors that bind to short sequences of deoxyribonucleic acid
(DNA) known as retinoic acid response elements (RARE) that are located within or near target genes.
These interactions signal the process of gene transcription by ribonucleic acid (RNA) (Fig. 9.3), a
process that leads to translation and synthesis of regulatory proteins that regulate cell differentiation,
signaling, and apoptosis [13, 23, 25, 26]. Over 500 genes are thought to respond to retinoic acid,
either via the direct, activated RARE pathway or, other indirect transcriptional mechanisms [13, 26].
Depletion in vitamin A nutriture alters molecular dynamics that can lead to pathological changes in
cell phenotype, which are most observable in rapidly dividing cells, such as those of the epithelial
linings and the immune system. During vitamin A depletion, columnar and mucous-secreting goblet
cells of the respiratory tract undergo reversible squamous metaplasia and keratinization [27, 28].
When these changes occur on the ocular surface, xerosis (drying) of the conjunctival or cornea
ensues, which can lead to xerophthalmia [29].

Fig. 9.2 The visual (or retinoid) cycle. RAL retinal (retinaldehyde); ROL retinol; RE retinyl ester; ROS rod
photoreceptor outer segment; IPM interphotoreceptor matrix; RPE retinal pigment epithelium; CAP choriocapillaris;
RGR retinal G-protein-linked receptor. Heavy dashed lines represent retinoid binding transport of vitamin A. The
lighter dashed line represents a light-induced conversion pathway to 11-cis retinal in the RPE
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Dietary Sources and Intake Recommendations

Dietary vitamin A is consumed in the human diet as preformed retinyl esters, from animal sources or
fortified food items, or as provitamin A carotenoids obtained primarily from plant sources.

Preformed vitamin A activity can be estimated from food composition tables, wherein one lg of
retinol is the standard, defined as 1 lg of retinol activity equivalent (RAE) [30]. If the retinol content
is reported as an ester, the molecular weight is factored in: for example, 1.83 lg of retinyl palmitate
(the most common vitamin A ester in food) = 1 lg RAE. It is generally held that 70–90% of
preformed vitamin A from esters in the diet is absorbed and utilized [13]. Animal sources of pre-
formed vitamin A include liver, fish liver oils, butter, cheese, milk fat, other dairy products, and egg
yolk [31]. Animal liver typically provides 5000–20,000 lg RAE, cod liver oil *30,000 lg RAE,
whole cow or goat milk *50 to 60 lg RAE, and cheeses *300 lg RAE per 100 g edible portion
[32]. Fortified foods provide another major dietary source of preformed vitamin A which include
ready-to-eat cereals, snack foods, beverages, margarine, and processed dairy products [33]. Vitamin
A-fortified foods are increasingly available in developing countries, including sugar [34–36], cereal

Fig. 9.3 Vitamin A mechanisms in gene regulation. Retinoic acids activate retinoic acid (RAR) or retinoid X (RXR)
receptors that induce response elements on a DNA strand to signal gene transcription by messenger RNA (adapted from
[459])
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flours [37], edible oils [37–40]. Approximately 25–75% of the total vitamin A intake is preformed in
high-income countries, with North America being at the upper end of this range [41]. In many
low-middle income countries (LMICs), preformed vitamin A intake typically lies at the lower end or
below this range [42].

Breast milk provides in many poor settings the sole reliable source of vitamin A for the first 6
months of life or longer. Over 90% of its vitamin A content derives from highly bioavailable esters.
Among healthy women, mature breast milk contains *600 to 700 lg of vitamin A per liter [43]
which, at an intake of *725 ml per day, provides a breastfed infant with *435 to 500 lg of dietary
vitamin A [43], an amount considered to be adequate during infancy [30]. In food insecure settings,
breast milk can contain half this concentration [43, 44] but still provides clinically protective amounts
to infants and toddlers [45, 46].

Provitamin A carotenoids represent the major source of dietary vitamin A in the developing world,
among which b-carotene is the most ubiquitous and bioavailable [15, 16]. Food sources of provitamin
A carotenoids include dark green leafy vegetables, egg yolk, and deeply colored yellow and orange
vegetables and fruits, including carrot, ripe mango and papaya, yellow-orange sweet potato, pumpkin,
winter squash, apricot, and a number of indigenous fruits and plants [47]. The b-carotene content
typically ranges from *5 to 60 lg per 100 g edible portion in these foods [47]. However, absorption
and bioconversion of dietary b-carotene and other provitamin A carotenoids into retinol (i.e., bio-
efficacy) is a complex process that is influenced by numerous factors captured by the mnemonic
“SLAMENGHI” [48–50]; a term that reflects the effects of species of carotenoid and its molecular
linkage, the amount of carotenoid consumed in a meal, the source food matrix (a dominant influence),
effectors that may enhance or impair digestion, absorption and bioconversion, including intestinal
parasites, the nutritional status, genetic make-up and health status of the host, and nutrient interac-
tions. Table 9.1 provides examples of these influences, several of which (i.e., food matrix and
effectors) can be modified by food choices and the ways food is processed. For example, yellow fruit,
cooked yams, added dietary fat, such as red palm oil, reduced fiber in meals, and various processes of

Table 9.1 SLAMENGHI mnemonic on factors that affect carotenoid bioavailability and bioconversion to vitamin A
(modified from [48–50])

Factors Examples

S Species of carotenoid All-trans b-carotene may be better absorbed than 9-cis b-carotene [49, 450]

L Molecular linkage Carotenoids in esters may be absorbed differently than in free form [49]

A Amount of carotenoid Proportion absorbed may decrease with amount eaten at a meal [451]

M Matrix in which carotenoid
sits

b-carotene is better absorbed from soft yellow fruit than dark green leaves
[51]; cooking, mincing or pureeing improves bioavailability [52–54]

E Effectors of absorption and
bioconversion

Intestinal parasitic infections, including those that decrease fat absorption,
decrease b-carotene bioavailability [452, 453]; Fibre, pectin, cellulose,
chlorophyll, type of fat and other carotenoid in food affect b-carotene
bioavailability [55, 450]; 5–10 g of fat in meals improve b-carotene
bioavailability [56, 57, 354]

N Nutritional status of host Low vitamin A status enhances enzyme cleavage and bioavailability of
P-carotene [58]; low protein and zinc status may reduce P-carotene
bioavailability [450]

G Genetic make-up of host May partly explain differences in b-carotene response to host dietary
interventions (i.e., carotenoid “responders” vs. “non-responders”) [454, 455],
or gender differences in serum b-carotene responses [50]

H Health status of host Carotenoid absorption may be reduced in intestinal and malabsorptive
diseases [50, 450]

I Interactions (biological) with
other nutrients

Supplementation with one carotenoid may increase or decrease plasma
concentrations of other carotenoids [50]
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cooking, mincing, or pureeing (e.g., of carrots and spinach) are all factors that favor bioavailability
[51–57].

Historically, the molar retinol equivalency of dietary b-carotene and other provitamin A car-
otenoids was assumed to be 6:1 and 12:1, respectively [42, 58]. These ratios were called into question
by research carried out in Indonesia showing differential bioefficacy when b-carotene was delivered in
the form of stir-fried vegetables versus an enriched wafer [59]. Subsequent work revealed equiva-
lency ratios of 12:1 for b-carotene in a fruit matrix and 26:1 from leafy vegetables and carrots [60]. In
2001, based on accumulating evidence from bioefficacy studies [61], the Institute of Medicine
doubled equivalency ratios to 12:1 for dietary b-carotene and 24:1 for other provitamin A carotenoids
[30, 62]. Halving the retinol activity equivalency of provitamin A carotenoids in food had two
immediate effects. First, it revealed a previous 55% overestimate of the vitamin A content in the
global food supply (Fig. 9.4) [63], amplifying concern for populations that are largely dependent on
vegetables and fruits to meet dietary vitamin A requirements [48]. Second, the change made clear the
virtual impossibility for most poor, young children to meet their vitamin A requirements through
vegetable and fruit intake alone [7]. The problem is illustrated in Table 9.2, where gram amounts of a
provitamin A-containing food basket needed to meet the Recommended Dietary Allowances
(RDA) [30, 62] or the Recommended Nutrient Intake (RNI) [31] are given by age, according to a 12:1
bioconversion ratio (for b-carotene), in a typical poor setting where an estimated 25% of the RDA is
consumed as preformed vitamin A. In this setting, a 4- to 6-year-old child needs to consume 120 g of
vegetables and fruit daily to meet his/her RDA, depending on the ratio adopted. This is equivalent to
at least a 40 g serving of such foods 3 times a day. Where less preformed vitamin A is typically
consumed, the required intakes of vegetables and fruits increase further.

Public Health Significance of Vitamin a Deficiency

Public health consequences that can be attributed to vitamin A deficiency are defined as “vitamin A
deficiency disorders” or VADD [64], which include the specific ocular manifestations of xeroph-
thalmia and its blinding sequelae as well as nonspecific consequences, such as anemia, immune

Fig. 9.4 Vitamin A activity in the regional and world food supplies as provitamin A carotenoids with their percent of
total (based on a 12:1 b-carotene:retinol conversion ratio, white segments), and as preformed retinyl esters (black
segments). Stippled bar represents the previous estimate of total vitamin A using a 6:1 conversion ratio, reflecting a 55%
overestimate globally (based, in part, on [63])
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dysfunction, increased susceptibility to infection, poorer growth, and mortality (Fig. 9.5). VADD
may also include consequences in adult life that might be causally linked to early life exposure to
vitamin A deficiency (discussed below). At present, VADD are known to occur in children and
women of reproductive age.

Prevalence

The extent of vitamin A deficiency can be assessed based on the clinical stages of xerophthalmia (Gr.
xeros = drying; ophthalmia = of the eye) [29]. Earlier, antecedent stages of squamous metaplasia,
detectable by impression cytology, or the impaired dark adaptation that precedes outright night
blindness [65], serve both as physiologic indicators of deficiency and health consequences, or dis-
orders, of vitamin A deficiency.

While not a disorder per se, low vitamin A status defined by biochemical indicators is most
commonly used to determine the prevalence of vitamin A deficiency. Serum or plasma retinol
concentrations, measured by high performance liquid chromatography, serve as the primary basis for
global prevalence estimates [1]. Retinol-binding protein (RBP), which theoretically circulates in a 1:1
molar ratio with retinol, is increasingly measured as an alternate indicator for reasons of cost, stability
under field conditions, and laboratory capabilities [66]. However, questions remain regarding
appropriate cutoffs for RBP, as molar ratios of retinol to RBP vary in the literature from 0.70 to 1.79
[67]. As retinol-binding protein is an acute phase reactant, concentrations of both retinol and its
binding protein may be negatively influenced by the inflammatory response to an infection or other
insult [68–71]. This can result in the misclassification of individuals with adequate status and
potentially overestimate the prevalence of deficiency in a population. Methods have been proposed to
assess and account for inflammation [68, 72, 73]; however, both adjusted and unadjusted

Table 9.2 Dietary reference intakes [62] (DRI), recommended nutrient intakes [31] (RNI) and dietary requirements for
vitamin A for children and adults by age and gender

DRI (34-IOM, 2001)
lg RAE per day

RNI (FAO, 2002)
lg RE per day

Amount of
b-Carotene-rich
Food (g) required
to meet
RDA

Conversion ratio

Age group Gender RDA RNI 12:1 24:1

1–3 year M & F 300 400 90 180

4–6 year M & F 400 450 120 240

7–8 year M & F 400 500 120 240

9 year M & F 600 500 180 360

Adolescents

10–13 year M/F 600/600 400/600 180 360

14–18 year M/F 900/700 400/600 240 480

Adults

19–65 year M/F 900/700 600/500 240 480

Pregnancy *760 850 228 456

Food items include an illustrative mixture of dark green leaves (spinach, kangkong or swamp cabbage, mustard greens) and one fruit
(mango), providing a mean b-carotene content of 3 mg per 100 g [278], equal to 250 lg retinol activity equivalents (RAE) at a 12:1
b-carotene:retinol equivalency ratio or125 µgRAEat a conversion ratioof 24:1 [62].Amounts required tomeet theRDAassumes that
25%of the allowance is already beingmet by dietary sources of preformed vitaminA.An average RDAof 800 lgRAE represents the
dietary target for ages 14–18 and 19–65 year. RNI values are provided for comparison; these were set by the FAO/WHO assuming a
bioconversion factor of 6 lg b-carotene to 1 lg retinol and are expressed in terms of retinol equivalents (RE) [63].
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concentrations should be reported. Other status measures have been described in detail and will be
increasingly necessary as population status improves in order to be informative across a broader range
of the vitamin A status continuum [74].

Preschool-Aged Children

The WHO estimates that *33% of preschool-aged children, or 190 million, are vitamin A-deficient
(Table 9.3) [1]. The estimate is based on proportions of surveyed children with a serum retinol
concentration below the conventional cut-off of 0.70 lmol/L [66]. A prevalence of deficiency of
>15% among preschool-aged children 6–71 months of age is considered to represent a public health
problem [64, 66] (Table 9.4). Nearly 5.2 million preschoolers residing in LMICs, or nearly 1%, are
thought to have xerophthalmia [1]. Highest risk populations are in periequatorial regions of the world
[5]. The combined prevalence of xerophthalmia and serum retinol concentration <0.70 lmol/L is
depicted in Fig. 9.6. The lower threshold of 0.5% for xerophthalmia represents the WHO cutoff for
Bitot’s spots, while the 1.5% cutoff represents the sum of both thresholds for Bitot’s spots (0.5%) and
night blindness (1.0%) [64]. The resultant geographic pattern roughly parallels broad ecological
indices of poverty and undernutrition. Findings of more recent vitamin A status assessments generally

Fig. 9.5 Vitamin A deficiency disorders (VADD) (adapted from [5])
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uphold the WHO data published in 2009, showing an estimated 29% prevalence of vitamin A
deficiency [1, 3]. Sub-Saharan Africa and South Asia had the highest prevalence, at 48 and 44% of
children, respectively.

Newborns and Neonates

Early infancy is a precarious period as limited materno-fetal transfer of retinol endows infants with
only a 2-weeks to 2-months hepatic supply of vitamin A and low circulating retinol concentrations
[75–77]. Whereas body vitamin A stores rise toward normal during infancy in well-nourished

Table 9.3 Global prevalence and burden of preschool child and maternal gestational vitamin A deficiency (serum
retinol < 0.70 lmol/L), by region

WHO region Preschool-aged children (<5 year) Pregnant women

Prevalence (%)a Burden (millions) Prevalence (%) Burden (millions)

Africa 44.4
(41.3–47.5)b

56.4
(52.4–60.3)

13.5
(8.9–18.2)

4.18
(2.73–5.63)

Americas 15.6
(6.6–24.5)

8.68
(3.70–13.7)

2.0
(0.4–3.6)

0.23
(0.04–0.41)

South East Asia 49.9
(45.1–54.8)

91.5
(82.6–100)

17.3
(0.0–36.2)

6.69
(0.00–14.0)

Europe 19.7
(9.7–29.6)

5.81
(2.87–8.75)

11.6
(2.6–20.6)

0.72
(0.16–1.29)

Eastern Mediterranean 20.4
(13.2–27.6)

13.2
(8.54–17.9)

16.1
(9.2–23.1)

2.42
(1.38–3.47)

Western Pacific 12.9
(12.3–13.5)

14.3
(13.6–14.9)

21.5
(0.0–49.2)

4.90
(0.00–11.2)

Global 33.3
(31.1–35.4)

190
(178–202)

15.3
(7.4–23.2)

19.1
(9.30–29.0)

Reprinted with permission from WHO. Global prevalence of vitamin A deficiency in populations at risk 1995–2005.
WHO Global Database on Vitamin A Deficiency. Geneva, World Health Organization, 2009. www.who.int/entity/
nutrition/publications/micronutrients/vitamin_a_deficiency/9789241598019/en/
aExcludes countries with a 2005 Gross Domestic Product �USD15,000
b95% Confidence intervals

Table 9.4 IVACG/WHO xerophthalmia classification and minimum indicator prevalence criteria for vitamin A
deficiency to be a public health problem [64]

Definition (Code) Minimum prevalence

Children 24–59 months

History of night blindness (XN) >1.0%

Conjunctival xerosis (X1B) –

Bitot’s spots (X1B) >0.5%

Corneal xerosis (X2) –

Corneal ulceration/keratomalacia (X3) >0.01%

Xerophthalmic corneal scars (XS) >0.05%

Serum retinol concentrations <0.35 lmol/L >5%

Serum retinol concentrations <0.70 lmol/L >15%

Women of child-bearing age

History of night blindness � 5%
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societies [77, 78], the status of infants reared under vitamin A-deprived and infection-exposed
conditions tends to remain depressed [77, 79] which may increase risks of morbidity and mortality in
the first 6–12 months of life (discussed below). Prematurity exacerbates the vitamin A-depleted state
at birth [80]. However, poor access to newborns and their high mortality in the developing countries,
coupled with difficulties in drawing blood and uncertainty about the plasma retinol cutoff have left the
extent and severity of neonatal vitamin A deficiency unknown at this time.

School-Aged Children

In undernourished populations, vitamin A deficiency may extend into the peri-adolescent years.
While limited surveys exist in this age group, data from South East Asia suggest that 23% of children
5–15 years of age, or *83 million, may have serum retinol concentrations below 0.70 lmol/L and
nearly 3% to have non-blinding, mild xerophthalmia (night blindness or Bitot’s spots) [11]. Recent
surveys from Ethiopia [81] and Brazil [82], as well as a summary report on nutritional status in this
age group covering the period 2002–2009 [83], reveal similar estimates of hyporetinolemia. While
risk factors and health consequences of deficiency at this age are unknown, poor adolescent vitamin A
nutriture may predispose girls to chronic vitamin A deficiency in adult life that could exacerbate
deficiency during pregnancy and lactation [84].

Women of Reproductive Age

Vitamin A deficiency afflicts women of child-bearing ages in food insecure societies, especially in the
second half of pregnancy when nutritional demands are high, circulating vitamin A is relatively low,
and risk of developing night blindness greatest [84]. Population data on serum retinol distributions

Fig. 9.6 Global distribution of preschool child vitamin A deficiency defined by deficient serum retinol concentration
(<0.70 lmol/L)
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during and following pregnancy, however, remains sparse. The current best estimate is that *7–23%
of pregnant women in low-income countries have deficient serum retinol concentrations
(<1.05 lmol/L), with the average prevalence being 15%, or *19 million affected gravida in a given
year [1] (Table 9.3). On the other hand, because a history of night blindness can be reliably ascer-
tained [85], a number of surveys have elicited a history of maternal night blindness, yielding an
overall prevalence estimate of *8%, with estimates generally ranging from 10 to 20% where mal-
nutrition and childhood vitamin A deficiency are known to exist [1]. A provisional cutoff of >5% has
been set for classifying night blindness during pregnancy as a public health problem (Table 9.4) [64,
85].

Effects on Child Morbidity and Mortality

Vitamin A deficiency has long been known as the “anti-infective” vitamin [86, 87]. Decades of
animal experiments show that progressive vitamin A depletion leads to poor growth, weight loss,
infection, and death, usually before eye signs develop [88]. The regulatory roles of vitamin A in
maintaining epithelial cell differentiation and function and immune competence [68] provide biologic
plausibility to its importance in decreasing severity and mortality from infectious diseases [2].
A modern era of epidemiologic investigation into the role of vitamin A deficiency in child mortality
was launched with community-based studies of Sommer and colleagues in the late seventies that
found Indonesian children with mild xerophthalmia, but no other obvious nutritional stress, to be two
to three times more likely to develop diarrhea or respiratory infection [89] and more likely, in a
dose-responsive fashion, to die [90] than children without eye signs (Fig. 9.7). Additional longitu-
dinal studies in India [91] and Thailand [92] have generally corroborated increased risks of incident
morbidity among children with mild xerophthalmia or hyporetinolemia, respectively.

Between 1986 and 1992, six of eight population-based, intervention trials that enrolled more than
165,000 children in Southeast Asia [93, 94], South Asia [95–98] and Africa [99, 100] found that
vitamin A supplementation, achieved by periodic high-dose supplementation (e.g., 200,000 IU
if >12 month of age, half-doses below 12 month), weekly low-dose supplementation (15,000 IU) or
via food fortification, could reduce child mortality by 6–54% (Fig. 9.8). Meta-analyses of findings
from these early trials have shown that, in areas of endemic vitamin A deficiency, all-cause preschool

Fig. 9.7 Mortality rates of Indonesian preschool children without xerophthalmia (normal) and by severity of “mild”
xerophthalmia (XN < X1B < XN + X1B) (adapted from [90])
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child mortality can be reduced, on average, by 23–34% by vitamin A interventions [101–104], with
the effect size depending on the studies included and analytic approaches taken.

The remarkably consistent effect on mortality can be partly explained by an ability of vitamin A to
lower case fatality from measles by *50%, as observed in field trials and hospital-based treatment
trials [2, 105–107] (Fig. 9.9). Vitamin A can be expected to lower risk of fatality from severe diarrhea
and dysentery by *40% [95, 97, 98, 108] and possibly Plasmodium falciparum malaria as well,
based on findings from a trial in Papua New Guinea [109]. A recent WHO-sponsored analysis to
calculate global and regional burdens of disease estimated *50% reductions in case fatality from
diarrhea and measles among vitamin A recipients [110]. Similarly, high-dose vitamin A

Fig. 9.8 Percent changes in mortality rates of children between *6 or 12 months to <84 months of age receiving
vitamin A compared to children receiving control supplements while participating in community intervention trials in
Southeast Asia (Aceh [93] and Java [94], Indonesia), South Asia (Tamil Nadu [95], and Andhra Pradesh [96], India and
Sarlahi [97] and Jumla [98], Nepal), and Africa (Ghana [99] and Sudan [100]). Total number of enrolled children
>165,000 [2]

Fig. 9.9 Fatality rates of children hospitalized with severe measles who participated in clinical vitamin A trials in
England [105], Tanzania [106], and South Africa [107]. Risk of mortality among vitamin A recipients is <50% that of
controls in each study (from [110])
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supplementation of HIV-infected children in several African trials has reduced adverse outcomes by
50% or more, including all-cause and diarrhea-associated mortality [111, 112], diarrhea incidence or
duration [112, 113] and stunting [114] over 18–24 month periods of follow-up. Notwithstanding
these protective effects against several potentially fatal infectious diseases, vitamin A supplementa-
tion has had little influence on risk of mortality from acute lower respiratory infections, unrelated to
measles, for reasons that remain poorly understood [115].

Subsequent program effectiveness analyses, based on nonexperimental designs, continue to sup-
port a favorable impact of vitamin A on child survival. In the Yemen, admissions and case fatality for
severe, dehydrating diarrhea among preschoolers presenting to four major hospitals in Sana’a were
reduced by 25% and *50%, respectively, after the first year of semi-annual vitamin A supple-
mentation [116]. In Nepal, the 2001 Demographic and Health Survey, conducted after several years
of national supplementation activities, estimated vitamin A receipt to be consistent with a *50%
decline in 1–4 year-old child mortality [117]. The magnitude of decline, which exceeds estimates
from efficacy trials, may result from additional promotion activities delivered in tandem with vitamin
A capsules. Analysis of population-based surveys also supports the effect of vitamin A supplemen-
tation on reducing child mortality in both Ghana [118] and Niger [119]. The largest assessment of
program effectiveness to date was carried out in northern India to test the impact of “deworming and
enhanced vitamin A,” or “DEVTA,” delivered by village anganwadi child-care centers [120]. While
reductions in the prevalence of xerophthalmia and poor vitamin A status (serum retinol
<0.70 lmol/L) were evident, this study reported no beneficial effect of supplementation on mortality
[120]. However, the study has been widely criticized in the literature [121–125], in particular for the
lack of rigorous vital events tracking necessary to accurately measure the study’s primary outcome.

Effects on Infant Morbidity and Mortality

Vitamin A may favor infant survival in undernourished populations, depending on the age dosed,
“route” of supplementation, nutritional status, and dominant disease patterns. In both Nepal [126] and
Tanzania [127], reaching the fetus and infant via routine maternal supplementation with vitamin A
or/and b-carotene during pregnancy and lactation had no overall effect on infant mortality, except for
a subset of infants born to night blind women in Nepal who were more likely to survive following
maternal vitamin A supplementation [128]. Direct dosing trials in South Asia and Africa, where
infants were periodically given oral vitamin A (ranging from 25,000 to 100,00 IU per dose) from *1
to 5 months of age, also failed to benefit infant survival [129, 130].

A series of randomized, double-blinded, placebo-controlled trials have considered the impact of
supplementing newborns (Table 9.5). The first of these was carried out by Humphrey et al. in
Indonesia, where researchers provided 50,000 IU of vitamin A or a placebo at birth and followed
infants through their first birthday [131]. Newborn dosing in this setting reduced infant mortality by
64%, with the effect seemingly stronger in males compared to females [131]. Subsequent trials
conducted in Asia have reported significant reductions of 23% [132], 16% [133], and 10% [134] in
infant mortality. Effects did not differ by infant sex, but the effect reported from Tamil Nadu, India
appeared to be limited to low birthweight infants [132]. While causal paths uniquely responsive to
early neonatal (vs later) high-dose vitamin A receipt remain poorly understood, diseases in early
infancy that could plausibly respond include respiratory infections (e.g., from Streptococcus pneu-
moniae) [135], diarrhea, sepsis and necrotizing enterocolitis [77].

The first newborn vitamin A trial in Africa was conducted in an urban population in Zimbabwe
where mothers were otherwise normal in their vitamin A status (i.e., <1% with a serum retinol
concentration below 0.70 lmol/L). In this setting a 50,000 IU oral dose of vitamin A given to either
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HIV-positive [136] or negative [137] infants at birth failed to confer a survival benefit during infancy.
Maternal receipt of 400,000 IU of vitamin A immediately after birth also failed to improve infant
survival in this population [136, 137]. Smaller trials conducted in Guinea-Bissau similarly reported no
impact of newborn vitamin A dosing [138–140], although treatment regimens for two of these
differed in that infants were reached later in the neonatal period [138] or with a lower 25,000 IU dose
[139]. While nonsignificant, the investigators called attention to effect modification by sex, with point
estimates in the direction of being protective in males and suggesting adverse effects in girls [138–
140]. These somewhat controversial findings prompted three additional trials. The first of these, cited
above, confirmed the previously reported survival benefit in South Asia [134]. The latter two were
conducted in Ghana and Tanzania and reported no beneficial impact of supplementation nor any
differences by sex [141, 142].

Overall, trials of newborn dosing with vitamin A show a consistent protective effect in South and
South East Asian populations [131–134], but no survival benefit in sub-Saharan Africa [136, 138–
142]. This differential effect has been attributed primarily to the underlying nutritional status of the
study populations, with very little evidence of maternal vitamin A deficiency in the studies carried out
in Africa [143, 144]. This suggests that newborn dosing would be justified in populations with
evidence of an elevated prevalence of maternal vitamin A deficiency [144]. However, WHO
guidelines are established at a global, as opposed to a regional, level and therefore, the Organization
does not currently recommend neonatal vitamin A supplementation as a public health intervention
[145].

Table 9.5 Efficacy trials of newborn vitamin A supplementation in Asia and Africa

Location Sample description Dosage Follow-up
period
(months)

Risk ratio
(95% CI)

Asia

Indonesia [131] 2067 neonates 50,000 IU administered at birth
(88% reached within 24 h)

12 0.39
(0.15–1.01)

TamilNadu,
India [132]

11,619 neonates 50,000 IU administered at birth
(46% reached within 24 h)

6 0.78
(0.62–0.98)

Bangladesh
[133]

15,937 neonates in
596 clusters

50,000 IU administered at birth
(79% reached within 24 h)

6 0.85
(0.72–1.01)

Haryana, India
[134]

44,984 neonates 50,000 IU administered at birth
(65% reached within 24 h)

6 0.90
(0.81–1.00)

Africa

Zimbabwe
[136]

9208 HIV-
neonates

50,000 IU administered within
96 h

12 1.12
(0.80–1.57)

Guinea-Bissau
[138]

4345 neonates 50,000 IU administered at birth
(median: 16 d)

12 1.13
(0.77–1.65)

Guinea-Bissau
[139]

1717 low
birthweight
neonates

25,000 IU administered at birth
(51% reached within 48 h)

12 1.01
(0.72–1.42)

Guinea-Bissau
[140]

6048 neonates 25,000 or 50,000 IU administered
at birth

6 1.28
(0.91, 1.81)

Ghana [141] 22,955 neonates 50,000 IU administered at birth
(73% reached within 48 h)

6 1.12
(0.95–1.33)

Tanzania [142] 30,892 neonates 50,000 IU administered at birth
(78% reached within 24 h)

6 1.10
(0.95–1.26)
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Effects on Maternal Morbidity and Mortality

In chronically undernourished populations, vitamin A deficiency can pose a health risk to women
during pregnancy and lactation. In rural South Asia [6, 9, 146] and sub-Saharan Africa [5], and in
poor, urban areas of Latin America [5, 147], 10–20% of women have reported night blindness in
pregnancy. Maternal night blindness is likely due to maternal vitamin A deficiency as it often
develops late in pregnancy [84] when serum retinol is low [148], and then typically resolves within
days after childbirth. The condition is associated with a poor diet, anemia, wasting, and increased
occurrence of diarrhea and other morbid symptoms [9, 84, 146]. In Nepal, women who developed
night blindness during pregnancy were at a *4-fold higher risk of dying during pregnancy through
the first two years after parturition (3600 per 100,000 person-years) than mothers who reported not
having the condition. Most often, causes of death among women who were night blind were asso-
ciated with infection [149].

Under such high-risk conditions, such as in southern Nepal where maternal mortality rates exceed
600 per 100,000, once-weekly supplementation with either vitamin A or b-carotene at dosages that
approximated a 7-day RDA (7000 lg RAE or 42 mg, respectively), reduced all-cause
pregnancy-related mortality by 40 and 49%, respectively [150]. Given the plethora of physiologic
effects of vitamin A, it is plausible that several potentially fatal causal paths could have responded to
improved vitamin A (or b-carotene) nutriture, such as puerperal sepsis, other infections,
anemia-involved causes, hypertensive-diseases, and hemorrhage [151]. Notably, the value of
late-gestational vitamin A therapy for prophylaxis against puerperal sepsis was recognized in humans
and animals as early as the 1930s [152]. Higher maternal serum retinol concentration and vitamin A
supplement receipt were recently shown to be associated with improved proinflammatory cytokine
responses to infection among Ghanaian gravida [153]. Replicate trials conducted in Bangladesh [154]
and Ghana [155], which showed no beneficial effect of supplementation, suggest that there may be
thresholds, or plateaus, at which populations may respond to vitamin A. Maternal mortality in these
two settings was less than half that of Nepal, and less likely to have been infectious in nature and thus
plausibly reduced by a vitamin A intervention. Furthermore, in contrast to Nepal [149], there was
limited evidence of severe vitamin A deficiency in either Bangladesh or Ghana [154, 155].

In HIV-positive populations, vitamin A deficiency is clearly associated with adverse pregnancy
health. A strong, dose-risk gradient has been demonstrated between maternal serum retinol con-
centration and risk of vertical transmission of HIV [156]. Cervicovaginal shedding of HIV DNA
[157], genital tract infections [158], and, more variably, clinical mastitis [159, 160] have also been
associated with poor maternal vitamin A status. The strength and consistency of the evidence of
association suggests that vitamin A interventions could improve maternal health, infant survival, and
reduce HIV transmission [161]. However, randomized controlled trials of vitamin A and related
interventions in HIV settings do not support an anti-HIV role for maternal vitamin A use. Overall, the
majority of studies have not demonstrated any impact on transmission of HIV from mother to infant
[137, 162, 163], nor any benefit in terms of perinatal or infant mortality [136, 162, 164]. One trial
reported an increased risk of both genital HIV shedding [165] and HIV transmission [127]; however,
the supplement used in that trial contained both preformed vitamin A (5000 IU) and high-dose
b-carotene (30 mg). Thus, the observed risk cannot be attributed to vitamin A alone [166].

Effects of Early Life Exposure

A large body of the literature supports the role of vitamin A during embryonic and fetal development
[24, 167, 168], and highlights the consequences of vitamin A inadequacy during this critical period
[169–171]. Until recently, however, there have been limited opportunities to address questions
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regarding the effects of early life exposure to vitamin A deficiency in humans. From 2006 to 2008,
researchers working in Nepal recontacted participants of two major vitamin A supplementation trials
[97, 150] and their offspring to measure a number of health outcomes that could plausibly be altered
by random exposure to supplemental vitamin A in this chronically deficient population.

Subjects from the first trial (1989–1991) received vitamin A (200,000 IU) or placebo capsules
every four months as preschool-aged children and were 14–23 years of age at the time of follow-up
[97]. Outcomes of interest in this age group included hearing loss and asthma. Hearing loss among
children in low-income countries is most commonly the result of repeated ear infections [172]. Given
the role of vitamin A in immune defense [68], deficient preschool-aged children may have more
frequent and severe ear infections [173, 174]. Researchers hypothesized that this could lead to an
increased risk for hearing loss. While periodic vitamin A supplementation did not reduce ear dis-
charge, as an indicator of otitis media, during early childhood, supplementation reduced the risk of
hearing loss in these children by 42% [175]. Asthma was also considered as an outcome in this cohort
given the role of vitamin A in lung development and in the regeneration of epithelial lung tissue [176,
177], as well as evidence showing airway hyperresponsiveness in deficient animals that could be
reversed with vitamin A [178, 179]. While there was a 6.6% prevalence of wheezing in this popu-
lation, there were no differences between children who had been randomly assigned to receive
vitamin A or the placebo during their preschool years [180].

Women enrolled in the second trial (1994–1997) were randomized to receive weekly supplements
of 7000 lg RAE as either vitamin A or b-carotene, or a placebo capsule, from pre-pregnancy through
the period of lactation [150]. Their offspring were 9–13 years of age at the time of follow-up.
Outcomes included lung function, asthma, cognition, and immune markers. The inclusion of respi-
ratory outcomes was driven by a large literature on the role of vitamin A in the maturation of the
respiratory system [177, 181–183] and impairments linked with vitamin A inadequacy [24, 177, 181].
Nepali children exposed to vitamin A supplementation while in utero and via breast milk had
significantly better lung function than those whose mothers received b-carotene or a placebo [184].
Supplementation had no effect, however, on the prevalence of asthma (4.8% overall) or indices of
airway obstruction [180]. Improved cognitive and motor ability of children whose mothers were
supplemented was hypothesized based on the role of vitamin A in neural tube formation, neural
development, and synaptic signaling [185–191] and human studies that indicated a potential linkage
between improved status in early life and motor skills during the preschool years [192, 193]. Among
children in the Nepali cohort, however, maternal vitamin A or b-carotene supplementation had no
impact on cognitive or motor ability [194], potentially due to the relative protection of the central
nervous system to early life insults. Given the layered development of the immune system, where the
fetal and neonatal progenitors that give rise to innate-like lymphocytes are progressively replaced by
products of adult stem cells, protection of lymphopoiesis from insult may be less crucial [195].
Vitamin A is known to be important for early lymphopoiesis [196] and data from the animal literature
show significantly lower counts of innate-like B1a and B1b cells in offspring whose dams were fed a
vitamin A-restricted diet [197]. This reduction could be ameliorated by retinoic acid [197]. Although
cells were unavailable for immunophenotyping, researchers found that Nepali children whose
mothers were in the vitamin A treatment group had significantly greater natural antibody concen-
trations [198], which are the unique protein product of the innate-like B1a cell population [199].

Historical Background

Several rich, historical accounts have been published detailing the diverse paths to the discovery of
vitamin A and its functions by scientific pioneers, especially in the modern era of the nineteenth and
twentieth centuries [87, 200–203]. Vitamin A deficiency, manifest as xerophthalmia, has plagued
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humankind for at least 3500 years. Night blindness, and its treatment with foods now known to be
rich in preformed vitamin A esters, such as roasted ox, ass or beef liver, was reported from ancient
Assyria, Egypt, and Greece [200] (Table 9.6). Medical treatises from Europe, China, the Middle East,
and Southeast Asia throughout the first and second millennia documented the occurrence of night
blindness and therapeutic value of animal liver. Clinical descriptions of corneal xerophthalmia first
appeared in England in the eighteenth century, followed by additional reports in the nineteenth and
early twentieth centuries of its occurrence, in association with infection and poor growth, and its cure
with animal and fish liver and oil products [200]. Characterization of conjunctival xerosis with
superficial accumulation of keratinized cells and bacilli, named a “Bitot’s Spot,” was described as
early as 1860 by von Huebbenet and then by its namesake, Bitot, in France in 1863.

Table 9.6 Historical benchmarks in the discovery of vitamin A, its deficiency and prevention

Antiquity Night blindness recognized in Egypt, Greece, Assyria

460-325 BC Ancient Egyptians and Greeks cured night blindness with roasted ox liver [200]

Nineteenth
century

Magendie reports corneal xerophthalmia in dogs following dietary manipulation von
Hubbenet and Bitot describe conjunctival xerosis with “Bitot’s Spots” [223]

Boll discovers in frogs that light bleaches the retina; Kuhne refines observations and
discovers “visual purple” [202]

Budd, in England, describes corneal xerophthalmia in East Indians, and Livingston
notes (xerophthalmic) corneal lesions in Africans subsisting on manioc diet [200]

Guggenheim reports night blindness with keratomalacia in Russian children during
Great Lenten Fast [200]

Lunnin points to other indispensable survival factors in whole milk (than those known
at the time) [87]

Twentieth
century

1904 Mori reports “Hikan” in Japanese children which responds to dietary intervention with
liver, and especially cod liver oil [204]

1912 Hopkins postulates “accessory factors” necessary for life; Funk names these factors
“vitamines” [87]

1913 McCollum and Davis [206], and Osborne and Mendell [207] discover “fat-soluble A”

1919 Bloch finds xerophthalmia in Danish orphans subsisting on milk-fat free, oatmeal diet
[208]

1928 Green and Mellanby coin term “anti-infective” for vitamin A [210]

1931 Green and Pindar show cod liver oil reduces puerperal fever [152]

1932 Ellison reports that vitamin A reduces measles fatality [105]

1935 Wald describes “the visual cycle” [213]

1948 Ramalingaswami relates “nutritional diarrhea” to vitamin A deficiency [212]

1960 Gopalan draws global attention to endemic vitamin A deficiency in India [218]

1966 McLaren publishes detailed photo accounts of xerophthalmia [219]

1964 Wald wins the Nobel Prize for describing the visual cycle [202]

Oomen, McLaren and Escapini publish “Epidemiology and Public Health Aspects of
Hypovitaminosis A” [220]

1974 The International Vitamin A Consultative Group is established [222]

1983
−84

Sommer and colleagues in Indonesia report mild xerophthalmia is associated with
increased risk of incident child morbidity [89] and mortality [90]

1986–
1993

Sommer and colleagues report that vitamin A can reduce child mortality in Indonesia
[93]; this initial report is replicated in five trials carried out in Asia [94, 95, 97, 98] and
Africa [99]

1989 UNICEF World Summit for Children considers vitamin A essential for child survival
[377]

(continued)
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In the 1870s, the foundation for understanding the visual cycle was laid by Franz Boll and Willy
Kuhne in Germany. Working with frog eyes, they observed that light bleached the purple pigment
(they termed “visual purple”) in retinal rod cells and that its regeneration required interaction with the
retinal pigment epithelium [202]. Recognition of the existence of indispensable, accessory nutritional
factors emerged in the late nineteenth century. In Japan, in 1904, Mori drew attention to the inad-
equacy of rice and barley-based diets of children with “Hikan” (a disease that included keratoma-
lacia), and the condition’s rapid clinical response to cod liver oil [204]. Interestingly, the therapeutic
or preventive value of dark green leaves (rich dietary b-carotene source) against xerophthalmia was
not reported in the early literature. Indeed, Westhoff working in Indonesia in 1911 drew attention to
more frequent occurrence of xerophthalmia in areas where green leafy vegetables were often con-
sumed [205].

The dawning of modern, experimental animal nutrition in the early twentieth century led to the
discovery of “vitamines” [87]. McCollum and Davis [206] and, at nearly the same time, Osborne and
Mendel [207] showed that the addition of an ether-soluble extract from butter, egg yolk, or milk to the
diets of young rats could promote growth, reduce morbidity, and enhance survival. McCollum called
the extract “fat-soluble A” which was shortly thereafter renamed “Vitamine A.” The clinical rele-
vance of the animal findings became quickly apparent. Bloch, a Danish pediatrician during World
War I, observed how orphans subsisting on a fat-free milk, oatmeal, and barley soup diet were at
greater risk of keratomalacia, infection and poor growth, similar to McCollum’s vitamin A-deficient
animals, compared to children whose diet included a modest amount of whole milk [208]. He
surmised vitamin A deficiency to be the underlying cause of “Dystrophia Alipogenetica.” With
Wolbach and Howe’s classic description in 1923 of metaplasia and keratinization of epithelial linings
in vitamin A-depleted animals [209], loss of the “barrier function” of epithelial linings became a
plausible explanation for their decreased resistance to infection.

Table 9.6 (continued)

1992 At the International Conference on Nutrition in Rome, countries commit to preventing
vitamin A deficiency [456]

1995 Bioavailability of provitamin A carotenoids in vegetables challenged by Clive West
and coworkers in Indonesia [59, 60, 457, 458]

1998 Christian and colleagues in Nepal reveal maternal night blindness as indicator of
maternal vitamin A deficiency, poor health, and survival [84, 149]

1999 West and coworkers in Nepal report vitamin A or b-carotene supplementation can
lower maternal mortality [150]. These results are not replicated however in trials
carried out in Ghana or Bangladesh [154]

2001 Institute of Medicine in the United States revises the b-carotene:retinol conversion
ratio from 6:1 to 12:1, and the ratio for other provitamin A carotenoids from 12:1 to
24:1 [62]

2002 Annecy Accords define “vitamin A deficiency disorders,” add maternal night blindness
as an indicator of deficiency, and recognize inability of young children to eat adequate
amounts of vitamin A from vegetables alone [64]

2003 Ramathullah et al. report from India a 23% reduction in infant mortality by giving
newborns a single * 50,000 IU oral dose of vitamin A [132], affirming earlier work
by Humphrey et al. in Indonesia [131].

2009 WHO reports that 190 million children and 10 million pregnant women are affected by
vitamin A deficiency worldwide [1]

2010–
15

Evidence accumulates on long-term effects of vitamin A deficiency, including hearing
loss [175], impaired lung function [184], and lower circulating concentrations of
natural antibodies [198]

2005–
16

Efficacy trials support the introduction of biofortified staple crops as a vitamin A
deficiency control strategy [429–433]
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Animal experiments in the twenties led Green and Mellanby to coin vitamin A as an
“anti-infective” factor [87, 210], while seminal clinical studies in humans through the forties con-
tinued to relate vitamin A deficiency or xerophthalmia to infectious disease risk [211, 212]. The
1930s found George Wald piecing together the many components of the “visual cycle” that earned
him a Nobel Prize in 1966 [213]. During this time observations emerged of an inverse relationship
between febrile illness and plasma vitamin A concentration [214] and urinary excretion of vitamin A
during disease [215], both now understood to be part of the acute phase response to inflammation [70,
216, 217]. Successful therapeutic applications of vitamin A were also reported in those years, for
example, in reducing childhood fatality from measles [105], puerperal fever in mothers [152], and
other infectious conditions [87].

Epidemiologic studies since the 1950s have guided our understanding of the public health con-
sequences of vitamin A deficiency, and benefits of its prevention in human populations. Clinical
investigations by Gopalan in India [218] and McLaren in Jordan [219] provided photographic and
clinical detail of conjunctival and corneal xerophthalmia and its interactions between vitamin A and
protein-energy deficiencies. In 1964, Oomen, McLaren and Escapini’s 46-country FAO/WHO
“survey” of national health and nutrition institutions from extant reports on xerophthalmia revealed
the global extent of this problem throughout the developing world [220]. While, the lack of
population-based data and biases inherent in this type of data were appreciated, the report mobilized
further surveys, research and commitment to prevent vitamin A deficiency and served as the fore-
runner of the current WHO micronutrient deficiency information system [221]. By 1974 the
International Vitamin A Consultative Group (IVACG) was formed, which provided essential global
scientific and policy leadership in vitamin A deficiency prevention for over a quarter of a century
[222].

The modern era of understanding the public health consequences of childhood vitamin A defi-
ciency, and the impact of its prevention, was ushered in with a national survey, longitudinal study,
and a series of hospital-based clinical studies of xerophthalmia by Sommer and colleagues in
Indonesia in the late nineteen seventies [223]. Most notable from this work were reports that children
with non-blinding, mild xerophthalmia (night blindness and Bitot’s spots) were at higher risks of
death (Fig. 9.7) [90], diarrhea and respiratory infections [89] than children without these eye signs,
and that an estimated 5 million potentially blinding cases of corneal xerophthalmia occurred each year
[224]. The dose-response nature of mortality risk with mild eye signs suggested a causal association,
prompting intervention trials that came to reveal that vitamin A could reduce child mortality
(Fig. 9.8). Subsequent research from Nepal showed that improving maternal vitamin A status could
reduce pregnancy-related mortality by *44% [150]. However, these results were not replicated in
Bangladesh [154] or Ghana [155], where the baseline risk of infection and vitamin A deficiency were
lower. Similar disparities in underlying nutritional and infectious exposures are also likely to explain
the results of newborn vitamin A dosing trials [143], which have shown survival benefits in Asia
[131–134] but not in Africa [136, 138, 139, 141, 142]. Beyond the question of survival, emerging
research is highlighting the potential long-term implications of early vitamin A inadequacy [175, 184,
194, 198].

Epidemiology

Our understanding of the epidemiology of vitamin A deficiency derives largely from studies of the
mild and more frequent stages of xerophthalmia [night blindness (XN) and Bitot’s spots (X1B)], and
evidence of association with low serum retinol concentrations. The distribution of deficiency by
location, person, and time can identify risk factors that may be proximal and causal (e.g., diet, care,
and morbidity), less proximal but having causal influence (e.g., socioeconomic status [SES], seasonal
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food availability), or that reflect indirect association. Knowledge of risk factors can influence the
design and targeting of interventions and provide the “context” within which vitamin A deficiency
exists.

Location

Vitamin A deficiency is characterized as a moderate or severe public health problem in approximately
122 LMICs [1] largely spanning periequatorial regions of the world (Fig. 9.6) [5], where rural and
urban poor are exposed to frequent infections and depend heavily on plant sources of vitamin A [63].
Vitamin A deficiency tends to cluster within countries, providing insight into causation and groups for
targeting. Where national surveys or surveillance data exist [225–227], it is clear that regions with a
high prevalence of xerophthalmia share common dietary and other ecologic exposures (e.g., poverty,
high levels of infectious diseases, poor development and health infrastructures, and strong seasonal
fluctuation in food availability). Clustering of risk appears to intensify within smaller, disadvantaged
groupings. Population-based surveys in Africa (Malawi and Zambia), South Asia (Bangladesh and
Nepal) and Southeast Asia (Indonesia) reveal a consistent 1.5 to 2.0-fold risk of xerophthalmia among
children in villages where other children have the condition [228, 229]. More striking is a 7- to
13-fold higher risk of having, or developing, xerophthalmia among children whose siblings have the
condition, compared to children whose siblings are non-xerophthalmic [228]. A similar parent-child
intensity of clustering has been observed in Cambodia, where young children were 4–5 times more
likely to have xerophthalmia when the mother was night blind who, in turn, was 9-times more likely
to be being night blind if one of her children had xerophthalmia [230]. This high level of shared risk
of vitamin A deficiency is likely due to common exposures to a chronic, poor diet [231, 232], and
inadequate care, malnutrition, and disease that characterize mothers [9] and children in high-risk
families.

Persons at Risk

Age

Xerophthalmia follows rather consistent patterns with respect to age, gender, and socioeconomic
factors. Based on hospital admissions data from Indonesia [223], and Nepal [233] the incidence of
corneal xerophthalmia, which rarely affects more than 0.1% of a population even in high-risk areas
[223], appears to peak at 2–3 years of age. Acute onset of corneal disease may follow any combi-
nation of recent weaning from the breast with sole dependence on a poor household diet, an episode
of severe measles, persistent diarrhea, other severe febrile illness, or wasting malnutrition, coupled
with poor child care [2, 223]. Although the incidence of corneal disease declines beyond age three,
the prevalence of healed, corneal scarring (XS), which represents permanent, potentially blinding
sequella, continues to rise among survivors [2, 223]. The prevalence of mild xerophthalmia (XN and
X1B) typically, though not always [234], rises with age through the fifth year of life and often
beyond, irrespective of area of the world or age-specific rates of deficiency [7, 226, 235–243].

The relationship between subclinical vitamin A deficiency (based on serum retinol concentration)
and age is less consistent [7, 244–246]. However, even where data suggest a declining prevalence over
the preschool years [7, 83, 246] there is evidence of an elevated prevalence of marginal-to-deficient
vitamin A status in school-aged years [11, 83, 247]. It is plausible that chronic deficiency could persist
into the reproductive years of women [5, 248–251], thereby raising the risk of night blindness during
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pregnancy [84, 149]. This pattern may be reflecting a rise seen over time as children in high-risk
populations continue to be exposed to a poor diet, lacking breast milk [45, 252, 253], and insufficient
vegetables, fruits, and animal products with adequate vitamin A content [254–257].

Gender

Boys tend to show a higher prevalence of mild xerophthalmia than girls throughout the preschool and
early school-aged years [2, 7, 244, 258–261]. Animal experiments also often reveal increased vul-
nerability of male versus female risks to vitamin A depletion with respect to growth, vitamin A status
and survival [262], suggesting there may be, in part, a genetic basis to this risk difference. The gender
bias is less apparent for subclinical (biochemical) deficiency [244] and has not been observed in
severe, corneal xerophthalmia [223].

Socioeconomic Status (SES)

In general, socioeconomic disadvantage covaries inversely with the risk of vitamin A deficiency,
presumably by influencing both availability and accessibility to an adequate diet, and appropriate
hygiene and care that can lead to less illness among poorer children. Low household socioeconomic
status is typically associated with xerophthalmia in young children, reflected by less parental edu-
cation [46, 223, 225, 238, 245, 255, 261–265] and landholding [46, 223, 225, 261, 266], poorer
housing quality [46, 223, 255], and hygiene [46, 223, 264], fewer small assets [46, 238, 262] and
draft animals [231, 238, 261] owned, and a more frequent history of child mortality in the family [46,
223, 255]. Not surprisingly, women with night blindness also come from socioeconomically disad-
vantaged families, exhibiting a poor diet, less asset ownership, and increased risks of anemia and
infection [9, 84]. Typically, odds ratios for xerophthalmia lie between 1.5 and 2.5 when comparing
risks among families with lower versus higher SES. Socioeconomic influence on variation in serum
retinol has been less consistently observed [239, 244, 267–269], perhaps related to homeostatic
mechanisms that maintain serum retinol across a wide range of status making this association more
difficult to detect when serum retinol is expressed on a continuous scale. At the community level,
high-risk villages, marked by the presence of >1 child with xerophthalmia, tend to be poorer than
those where no children have xerophthalmia [255]. Differentials in SES cannot be relied on to predict
risk of vitamin A deficiency but do provide the context in which vitamin A deficiency occurs and, in
part, a basis for understanding how vitamin A deficiency clusters within households and
communities.

Periodicity

Periodicity in risk of vitamin A deficiency is captured mostly by the influence of season and
long-term trends on incidence or prevalence. Spring peaks in xerophthalmia were widely noted in
early twentieth century China, Europe, and Japan, variably coinciding with the spring growth spurt,
changes in diet and the diarrhea season [2]. Drought increases risk of xerophthalmia [270, 271]. In
rural South Asia, the incidence of xerophthalmia follows a predictable seasonality, waxing during the
hot, dry season (March–June), and waning during the monsoon period (July–August) to a low level
that is sustained beyond the major rice harvest months of November and December [272]. This
annual cycle has been best depicted by Sinha who clinically examined 300 preschool children in the
Village of Ichag, West Bengal each month for over 2 years (Fig. 9.10) [273]. The seasonal peak of
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night blindness and Bitot’s spots was preceded by a period of high growth that followed the major
harvest, which presumably draws down vitamin A reserves, and coincides with a period of low intake
of fruits and vegetables and high incidence of diarrhea and measles [272]. Appearance of the mango
season coupled with slowed growth may partly explain the decrease in xerophthalmia late in the
monsoon period. Seasonal patterns provide insight into appropriate timing and nature of interven-
tions, which should aim to mute the seasonal peak (e.g., distributing high-dose vitamin A prior to the
highest risk season) and, wherever feasible, address dietary, and morbidity-related causes (e.g.,
promoting gardens or vegetable marketing, assuring high measles vaccine coverage), wherever fea-
sible [29, 274, 275].

Risk of vitamin A deficiency can also shift over long periods of time that likely reflect gradual
improvements in economic development, food security, and health services [275]. Though time trend
data are absent, the past century witnessed the virtual disappearance of xerophthalmia from indus-
trialized Western Europe, North America, and Japan. More recently, in Indonesia, the risk of
potentially blinding vitamin A deficiency markedly decreased from the late 1970s to the early 1990s,
reflected by a 75% reduction in the national prevalence of xerophthalmia [241] and a
well-documented decline in xerophthalmia admissions to the Cicendo Eye Hospital in Bandung
(Fig. 9.11) [276]. Such progress, however, can be reversed in the presence of political and economic
turmoil, as when xerophthalmia began to reappear in Indonesia following its economic collapse in the
late 1990s [277].

Proximal Causes

Vitamin A deficiency, as a public health problem, results from a chronic, dietary insufficiency of
vitamin A, either preformed or from precursor carotenoids. It often occurs in association with
protein-energy malnutrition, other micronutrient deficiencies and, as part of a “vicious cycle” with
infection, in which one exacerbates and increases susceptibility to the other.

Fig. 9.10 Seasonality of prevalence of mild xerophthalmia in Ichag Village, West Bengal, India over a two-year
period. Data to right of arrow represent control group only among children who participated in a placebo-controlled
vitamin A trial [273]

204 A.C. Palmer et al.



Breastfeeding

In affluent populations, newborns are born with low liver stores of vitamin A that increase rapidly
thereafter throughout the preschool years [77], presumably reflecting dietary sufficiency from breast
milk and complementary foods that promote storage of vitamin A in relation to normal requirements
for growth and other needs. In food insecure settings, liver vitamin A stores may fail to accumulate
beyond early infancy [77, 278]. This may be due, in part, to a combination of low breast milk vitamin
A concentration, which can often be half that of breast milk from well-nourished populations of
women [43, 44]. Still, breast milk provides a critical dietary source of vitamin A [279] that may
protect children from xerophthalmia. In many populations, breastfeeding through the third year of life
is associated with age-adjusted odds ratios of 0.1–0.5, representing 50–90% reductions in the
probability of having xerophthalmia compared to children who have ceased breastfeeding [223, 252,
253, 280–283]. In Malawi, accelerated weaning, involving both premature introduction of comple-
mentary foods (at 3 vs. 4 months of age) and early cessation of breastfeeding were associated with
increased risk of preschool xerophthalmia [45]. A dose-response association was observed in Nepal:
children who were breast fed up to ten times per day or greater than 10 times per day were 68 and
88%, respectively, less likely to have xerophthalmia than children of the same age who had ceased
breastfeeding [46]. When protracted diarrhea, measles or severe respiratory infections co-occur with
xerophthalmia, however, increased demands for and losses of vitamin A lessen the protective benefit
of breastfeeding on xerophthalmia [252].

Fig. 9.11 Number of admissions at the Cicendo Eye Hospital, Bandung, Indonesia between 1981 and 1992 [276]. The
decline in xerophthalmia admissions likely reflected a true decrease (bottom line), given rising pediatric admissions
(middle line) and stable total admissions (top line) over the same time period
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Complementary Feeding

The mix of foods offered to young children can modify or even eliminate the excess risk of
xerophthalmia associated with the progressive removal of breast milk from the diet. In Indonesia,
where no association existed between breastfeeding and xerophthalmia in the preschool years,
children not routinely given milk, egg, yellow fruits and vegetables, dark green leaves, or meat/fish in
the first 12 months following breastfeeding cessation were *3 times more likely to be xerophthalmic
than matched-control children given these foods [255]. Similarly, in Nepal, protective odds ratios
against xerophthalmia in the preschool years ranged from 0.09 to 0.41 for regular (>3 � per week)
consumption of meat, fish, egg, and mango in the first 2 years of life [46]. Feeding histories of
younger siblings in the first 2 years of life were similar to the cases and controls in the study
(Table 9.7) [232], reflecting a chronically poor diet in high-risk households.

Numerous epidemiologic studies provide the basis for a progression of complementary feeding
that appears to guard children from xerophthalmia through the preschool years. Intake of sweet,
yellow fruit (mango and papaya) are strongly protective in the second and third years of life, denoted
by a solid line in Fig. 9.12. As the influence of breastfeeding weakens, dark green leafy vegetables
appear strongly protective from the third year onward. Finally, after infancy routine consumption of
animal foods with preformed vitamin A (egg, dairy products, fish, and liver) appears to be highly
protective [2, 223, 226, 255, 280, 282–286].

How and with whom children eat their meals may affect their risk of vitamin A deficiency.
Detailed ethnographic studies in Nepal have shown that rural children are twice as likely to consume
vegetables, fruits, pulses, meat or fish, and dairy products when they share a plate with another
relative during meals than when left to eat alone. Among plate sharers, however, chronically vitamin
A-deficient children (i.e., those with a known history of xerophthalmia) were 1.7 times (OR, 95% CI:
1.0–2.8) more likely to share a plate at meal time with an adult male than lower risk children residing
in non-xerophthalmic households [287]. Sharing a plate at mealtime with a female of any age, on the
other hand, was “protective” against xerophthalmia (OR = 0.6; 95% CI: 0.4–0.9), possibly reflecting
female behavior that is more nurturing toward younger children.

Table 9.7 Correlations in sibling feeding patterns and reported frequencies of intake of foods (n = 67 focus child and
younger sibling pairsa) [231]

Specific food items Correlation between siblings

Spearman’s rank correlation P value

Preformed vitamin A sources

Meat 0.38 <0.002

Fish 0.39 <0.002

Traditional tonic 0.38 <0.002

Animal milk 0.66 <0.001

Other breast milk 0.50 <0.001

Eggs 0.53 <0.001

Carotenoid sources

Mango 0.54 <0.001

Dark green leaves 0.33 <0.001

Papaya 0.14 0.27
aOnly younger siblings who were >24 months at time of interview used in analysis
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Infectious Disease Morbidity

Vitamin A deficiency and infection interact within a “vicious cycle” [88], whereby one exacerbates
and increases susceptibility to the other. The bidirectional relationship complicates frequent
cross-sectional evidence of depressed plasma retinol levels with diarrhea, acute respiratory infections,
measles, malaria, HIV/AIDS, and other infectious illnesses which can be attributed in part to an acute
phase response [68]. However, prospective studies show that infection can induce vitamin A defi-
ciency through a variety of ways, depending on the cause, duration, and severity of infection and
vitamin A status of the host at onset. Serum retinol may be depressed because of decreased dietary
intake or malabsorption due to diarrhea or intestinal pathogens [288–290], impaired release or
accelerated depletion of hepatic retinol reserves [291], increased retinol utilization by target tissues or
increased urinary losses [217, 292–294]. Hyporetinolemia may adversely affect immune competence,
which could exacerbate or predispose children to infection [68].

Urinary retinol loss, reflecting losses in body stores, can vary greatly by type and severity of
infection. In a Bangladesh study [217], 6, 19, 17, and 65% of children hospitalized with dysentery,
watery diarrhea, pneumonia, or sepsis excreted more than 0.07 lmol (20 lg) of retinol in urine per
day, corresponding to 10% of a preschool child’s estimated metabolic requirement. Total urinary
excretion of retinol per episode of sepsis was 6.0 lmol, amounting to *20% of an average young
child’s (3-month) liver reserve of 35 lmol, or 75% of a marginally vitamin A-nourished child’s much
lower liver reserve (e.g., 8 lmol) [217]. This suggests that severe infection acutely decompensates
vitamin A nutriture which could precipitate xerophthalmia. Indeed, in a prospective study in
Indonesia, preschoolers with either diarrhea or acute respiratory disease were twice as likely to have
developed xerophthalmia in a subsequent 3-month period then healthier children [22]. Severe diar-
rhea, dysentery, measles, and other severe, febrile illnesses are frequently reported to precede corneal
xerophthalmia [2].

Fig. 9.12 Composite depiction of age-specific protection against xerophthalmia conferred by food sources of vitamin
A based on epidemiologic studies in Southern Asia and Africa. Solid bar denotes strong, consistent evidence of
protection; dash indicates weaker epidemiologic evidence [460]
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Clinicopathological Features

Xerophthalmia

Conjunctival and corneal xerosis, corneal ulceration and necrosis, and retinal dysfunction causing
poor dark adaptation and night blindness, are the ocular consequences of vitamin A deficiency. Active
“xerophthalmia” includes all of these clinical stages, plus less studied and understood lesions in the
retinal pigment epithelium, described as “xerophthalmic fundus” [223, 295]. These fundal changes
are not considered further here. Healed corneal scars resulting from corneal xerophthalmia are not
considered “active” but represent the potentially blinding sequellae of xerophthalmia [29, 223].

Night Blindness (XN)

Night blindness is the earliest, specific clinical manifestation of vitamin A deficiency and is usually
the most prevalent stage of xerophthalmia. Its occurrence reflects a failure in rod photoreceptor cells
in the retina to maintain peripheral vision under dim light which can be detected by dark adaptometry.
Impaired dark adaptation occurs in the presence of depressed serum retinol concentrations [296, 297]
and is responsive to vitamin A supplementation [298]. Typically, a history of night blindness can be
elicited using a local term for the condition, often translated as “chicken eyes” (domestic fowl lack
rods and, thus, night vision) or “twilight” or “evening” blindness [2, 29, 223]. A history of night
blindness is associated with low-to-deficient serum retinol concentrations in preschool-aged children
[2, 223, 265, 299, 300] and pregnant women [84] compared to individuals without the condition.
Night blindness during pregnancy can be reliably elicited by history which can serve as an indicator
of individual and community risk of vitamin A deficiency [10]. Objective methods are also available
that can detect impairments in night vision prior to the onset of night blindness [297, 301].

Conjunctival Xerosis with Bitot’s Spots (X1B)

Vitamin A deficiency leads to a keratinizing metaplasia of mucosal surfaces of the body, including the
bulbar conjunctiva. In chronic deficiency, xerosis of the conjunctiva appears as a dry, nonwettable,
rough, or granular surface, best seen on oblique illumination from a hand-light [29, 223, 295]. On the
ocular surface, the tear film breaks up, revealing a xerotic surface that has been likened to “sandbanks
at the receding tide” [219]. Histologically, the lesions represent a transformation of normal, surface,
columnar epithelium, with abundant mucous-secreting goblet cells, to a stratified, squamous
epithelium that lacks goblet cells [29, 295]. In advanced xerosis, gray-yellow patches of keratinized
cells and saprophytic bacilli, called “Bitot’s spots,” may aggregate on the surface, temporal to the
limbus and, in more severe cases, on nasal surfaces as well (Fig. 9.13). The lesions may be bubbly,
foamy, or cheese-like in appearance [295].

Corneal Xerosis (X2), Ulceration and Necrosis (X3)

Corneal xerophthalmia represents acute decompensation of the cornea, representing a
sight-threatening medical emergency [29, 223, 295] that is also associated with high case fatality
[223]. Mild xerosis (“drying”) presents as superficial punctate erosions that lend a hazy, non-wettable
and irregular appearance to the cornea on handlight examination. Usually both eyes are involved.
With increased severity the cornea becomes edematous and takes on a dry, granular appearance,
described like the “peel of an orange” [223]. Vitamin A therapy successfully treats corneal xerosis,
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though in advanced disease, thick plaques of cornified epithelium form that may slough off.
Ulceration can be round or oval in appearance, shallow or deep to the stroma, usually sharply
demarcated and often peripheral to the visual axis. Usually, only one ulcer forms in the affected eye.
Vitamin A treatment will heal the tissue leaving an opaque stromal scar, or leukoma. Ulcers that
perforate the entire cornea (through Descemet’s membrane) and are plugged with iris will, on healing,
form an adherent leukoma. These are often at the periphery of the cornea, and leave central vision of a
healed eye intact [29, 295]. Keratomalacia (“corneal melting or softening”) refers to necrosis of
cornea, forming initially opaque localized lesions that can expand rapidly to cover and blind the
cornea (Fig. 9.14). Therapy with vitamin A leaves a densely scarred cornea, often with resultant
phthisis (shrunken globe) or staphyloma (protuding cornea) [295].

Infection

Vitamin A deficiency predisposes individuals to severe infection [89] and a higher risk of mortality in
infants and young children [101–104]. In populationswith a high infectious burden, this riskmay extend
to pregnant and lactatingwomen [149, 150].Multiple roles of vitaminA inmaintaining epithelial barrier
function, supporting innate immune cells, and regulating both cellular and antibody-mediated immunity
[68] provide biologic plausibility for vitamin A deficiency as a cause of morbidity.

Poor Growth

Experimental vitamin A depletion in animals causes a deceleration in weight gain to a “plateau,” as
hepatic retinol reserves become exhausted, and eventual weight loss [206, 207, 262]. This dynamic is
difficult to observe in children. Corneal xerophthalmia is associated with severe stunting of linear

Fig. 9.13 Bitot’s spot (X1B) [29, 223]
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growth and acute wasting, likely due to a combination of protein-energy malnutrition, infection, and
multiple micronutrient deficiencies [2, 223]. Mild xerophthalmia (XN or X1B) is associated with
moderate stunting and mild wasting in children [2, 223, 255, 286] and wasting in pregnant women
[84]. Spontaneous recovery from xerophthalmia, likely due to dietary improvement, has been asso-
ciated with gain in weight but less noticeable catch-up in linear growth over a six-month period [302].

In general, vitamin A supplementation cannot be expected to measurably improve weight or height
gain in a population [303–308], although it may lead to measurable increases in lean body mass
reflected by incremental upper arm muscle area [306, 309] and there may be growth responses in
subsets of a population [309] or on a seasonal basis [306, 310]. The latter may represent direct effects,
or may be mediated by factors such as morbidity [306]. In some settings, vitamin A may result in
accelerated linear growth [311–313], particularly among children who are moderately to severely
vitamin A deficient and for whom the deficiency may be growth-limiting [306, 312, 313]. Repeated
bouts of infection may blunt the growth response [314], an effect that may also explain seasonal
growth responses to vitamin A [315]. Moderately ill (e.g., children recovering from severe measles),
wasted or clinically vitamin A-deficient children may show marked ponderal and apparent lean body
gains following vitamin A supplementation [306, 316, 317].

Anemia

There is considerable observational evidence to support the inclusion of anemia as a vitamin A
deficiency disorder. Anemia is prevalent among children with night blindness [318]. As first reported
by Hodges et al. in 1978, there are also strong correlations between serum retinol and hemoglobin
concentrations among children, adolescents, and reproductive-aged women [318–322]. These obser-
vations may be explained, in part, by infection-related anemia [323]. However, early animal research
on vitamin A and anemia indicated that vitamin A deficiency could alter hematopoietic tissue in the
bone marrow, reduce hematopoietic cell counts, and lead to hemosiderosis of the spleen and liver [209,
324]. Since those initial reports, mechanistic studies have demonstrated numerous alterations in iron
metabolism and reduced erythrocytosis resulting from vitamin A deficiency [318, 325–328].

Fig. 9.14 Corneal xerophthalmia/keratomalacia (X3) [29, 223]
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A number of vitamin A intervention trials have shown improvements in hematological indices
among children [322]. These include the impact evaluations of fortified monosodium glutamate in
Indonesia [94] and fortified sugar in Guatemala [329], as well as trials of low-dose supplementation
on either a daily or weekly basis [330–332], and, of relevance to existing vitamin A programs,
periodic high-dose supplementation [328, 333–335]. The effects of high-dose supplementation appear
to be transient [334] and are likely limited to children with moderate to low iron and vitamin A status
[318, 335]. Vitamin A supplementation of reproductive-aged women has also proven efficacious in
improving hemoglobin status when delivered alone [336], or, to a greater extent, in combination with
iron [336–340]. Although some studies have reported no additional benefit of vitamin A in this
high-risk group, their findings may be explained by the relative vitamin A adequacy of study subjects
[341] or the failure of the intervention to improve vitamin A status [342, 343].

Treatment

Children with any stage of xerophthalmia should be treated with vitamin A according to WHO
treatment guidelines [344]; i.e., with high-dose vitamin A at presentation, the next day and 1–4 weeks
later (Table 9.8). Supportive nutritional and antibiotic therapy should be considered, as indicated by
the patient’s condition, along with dietary counseling. Children with measles should always receive
vitamin A (Table 9.7) as they are very likely to be benefit from such therapy both in terms of saving
sight and reducing case fatality [2].

Night blindness responds within 24–48 h of high-dose vitamin A treatment leading to a return to
normal scotopic (night time) vision [29, 299]. The efficacy of the treatment guidelines for night blind
women is presumed. In Nepal, long-term, weekly supplementation with *23,000 IU only prevented
about two-thirds of maternal night blindness cases [146], suggesting that a higher, more frequent or
sustained dosage may be needed in some food insecure settings to resolve this symptom. Bitot’s spots
(X1B) in preschool children generally respond to high-dose vitamin A within 2–5 days, becoming
smaller in size and disappearing within 2 weeks. A small percentage of lesions may persist as smaller
aggregates on the conjunctival surface for months [29, 223]. In older children, X1B may be more
refractory to vitamin A. Although similar in clinical appearance, factors associated with responsive
and nonresponsive X1B differ: the latter are more frequent with age, associated with localized versus

Table 9.8 WHO/UNICEF schedule for use of vitamin A supplements (adapted from [344, 374])

Age group Recommended dosage

For prevention of vitamin A deficiency disorders

Infants and children

6–11 months of age 100,000 IU orally

12–59 months of age 200,000 IU orally, every 4–6 months

For treatment of xerophthalmia, measles and severe protein-energy malnutrition

Infants and children

<6 months of age 50,000 IU @ 1, 2, and 14 days

6–11 months of age 100,000 IU @ 1, 2, and 14 days

12+ months of age 200,000 IU @ 1, 2, and 14 days
(dosing @ days 1 and 2 for measles treatment and @ day 1 for
kwashiorkor or weight-for-height <3 standard deviations is sufficient)

Reproductive age women 10,000 IU daily or 25,000 IU weekly for at least 3 months

Reproductive age women with severe,
active xerophthalmia

200,000 IU @ 1, 2, and 14 days
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more generalized metaplasia and goblet cell loss, less often associated with night blindness, and
observed at higher serum retinol concentrations than responsive X1B [345–347].

Corneal xerophthalmia can rapidly lead to blindness without immediate vitamin A treatment.
Corneal xerosis quickly responds to vitamin A, usually within 2–5 days of therapy, with the cornea
returning to normal without permanent sequelae within 1–2 weeks [29, 223]. Shallow, small corneal
ulcers, that usually form peripheral to the visual axis, heal with minimal structural damage or risk of
visual loss. Ulcers will form an opaque stromal scar or leukoma. Corneal necrosis (keratomalacia)
must be treated immediately with standard vitamin A therapy, coupled with topical antibiotics and
other nutritional measures [29, 223]. Healing may induce large lesions to slough, forming deceme-
toceles [295].

Prevention

The main cause of vitamin A deficiency is an insufficient dietary intake of vitamin A, likely com-
pounded by poor bioavailability of provitamin A carotenoids from the vegetable-based diets [48] that
dominate in many low-income countries (Fig. 9.4). Other important contributing factors include
infections, which increase both the demand for and urinary losses of vitamin A [217, 348], as well as
increased requirements for vitamin A at certain stages in the life cycle (i.e., growth, pregnancy, and
lactation) [62]. Sociocultural factors, such as intra-household distribution and gender preference and
other economic constraints to achieving an adequate diet and health provide the context within which
deficiency occurs and prevention must take place [349–351]. Preventive measures can be categorized
into these approaches [352]:

(i) Dietary diversification: increasing vitamin A intake from available and accessible foods,
achieved through nutrition education, social marketing, home or community garden programs,
and other measures to improve food security;

(ii) Supplementation: delivery of vitamin A supplements to high-risk groups, typically
preschool-aged children, on a periodic basis;

(iii) Fortification: addition of preformed vitamin A to commonly consumed foods such as oil,
sugar, or flour to increase regular dietary vitamin A intakes; and,

(iv) Biofortification: increasing the provitamin A carotenoid concentrations in staple crops via
conventional plant breeding techniques or genetic modification.

Dietary Diversification

Improving dietary intake of high-risk groups requires an adequate, affordable, and diverse supply of
food sources of vitamin A, which preferably includes preformed sources of vitamin A throughout the
year, consumed in sufficient amounts, especially by those at highest risk: infants, young children,
adolescent girls and women of reproductive age. A first-line, dietary intervention to protect infants
and young children from vitamin A deficiency is extended breastfeeding which consistently exhibits a
protective association against xerophthalmia even through the fourth year of life [2, 45, 252, 253,
280–282], although effectiveness data are lacking to show a change in vitamin A status from
breastfeeding promotion. Although it has been possible to demonstrate increased retinol levels in the
breast milk for 2–8 months after maternal postpartum vitamin A supplementation [79, 251, 353], the
effects of this intervention have not been evaluated with respect to infant survival and the strategy is
no longer included as part of global recommendations [344]. With weaning, soft yellow fruits and
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vegetables, dark green leaves, eggs and other food sources of vitamin A should routinely be provided
[2, 223, 250, 255, 280] which, in controlled studies, have been shown to raise low serum retinol
concentrations in children [2]. Some dietary fat should also be part of the meal to allow absorption of
provitamin A carotenoids [56, 57, 354].

Where food sources of vitamin A are inadequate, homestead gardening that combines horticul-
tural, credit, and nutrition education or social marketing services [355] has raised vitamin A intakes
[274], improved household economic return and, therefore, improved food security [356]. Further,
food-based interventions that promote participation of women and rally community support through
creative social marketing appear capable of changing behavior and enhancing vitamin A intake [349,
357–359] and, in some instances, have been shown to improve vitamin A status [349]. Given
evidence of poor bioavailability of green leafy vegetables and other vegetable-based provitamin A
carotenoids [48, 62], it remains unclear to what extent dietary diversification alone can provide for
adequate dietary vitamin A intakes and sustained adequate status.

Approaches to improve the effectiveness of dietary interventions will likely need to include the
promotion of food sources of preformed vitamin A (animal and fortified foods), a wider variety of
carotenoid-containing foods [274, 284, 360] and that promote food preparation methods that enhance
carotenoid absorption, including the consumption of dietary fat (Table 9.1). Understanding local diets
will also be crucial to guide dietary diversification efforts [256, 361, 362]. This research may inform,
for example, education efforts regarding the use of crude red palm oil [363–365] or the use of drying
technologies to enable year-round consumption of fruits such as mango or papaya [366]. Dietary data
can also be used for the purposes of linear programming [367–369], which can guide diversification
strategies by identifying culturally acceptable foods that may be promoted to increase the nutrient
density of diets without exceeding cost constraints [370].

Supplementation

Periodic, high-dose vitamin A supplementation remains the most widely practiced, direct means to
prevent the health consequences of deficiency by governments throughout the world [371–373]. The
rationale for periodic supplementation with a high dose of vitamin A rests on the assumption that, as a
fat-soluble nutrient, it is stored in the body, principally in the liver, and released in association with
transport proteins to meet demands of body tissues, as required. Thus, a theoretical four- to six-month
supply (usually 100,000–200,000 IU or *30–60 mg RAE) provided at one time can establish a
nutritional reserve for use during periods of reduced dietary intake or increased need [344], despite a
likely dosage absorption of only 30–50% under prevalent conditions of morbidity and malnutrition
often found in targeted populations [2, 371] and intercurrent infection that can diminish liver stores
[291]. The World Health Organization first called for universal vitamin A supplementation in 1997
[374] and has recently reissued its recommendation for supplementation of all infants and children
aged 6–59 months in areas with a vitamin A deficiency public health problem [344]. Specifically, one
100,000 IU dose delivered between 6 and 11 months of age is recommended, followed by doses of
200,000 IU delivered every four to six months from 12 to 59 months of age [344]. Supplements are
typically provided in the form of a gelatinous capsule or oily syrup delivered with a spoon [344].
High-dose vitamin A is well tolerated by children, although up to *10% of preschoolers may
experience transient side effects (nausea, vomiting, headache, diarrhea, or fever have been reported)
following receipt of 200,000 IU [375].

The efficacy of periodic, high-dose vitamin A supplementation in preventing mortality among
preschool-aged children has been detailed above and supported by multiple meta-analyses over the
past 20 years [101–104, 376]. Supplementation is also efficacious (*90%) in preventing any stage of
xerophthalmia for a period of approximately 6 months [2], with community-based periodic vitamin A
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delivery proving *75% effective in high-risk populations [2, 273, 371, 372, 377]. The protective
effect of supplementation against hyporetinolemia (i.e., serum retinol <20 lg/dl or <0.70 lmol/L) is
limited [378]. Two quasi-experimental studies carried out by Pereira and Begum in the late 1960s
suggest that high-dose supplements can prevent hyporetinolemia for a period of roughly 8–10 weeks
[379, 380]. The protective period is likely to be shorter in populations with lower dietary vitamin A
intakes [380] or poorer vitamin A status [381]. This effect is illustrated in Fig. 9.15 using data from a
prospective cohort of children in Orissa State, India who were supplemented in accordance with
WHO guidelines [382]. The baseline prevalence of hyporetinolemia in this population was 64% just
prior to dosing [382]. Prevalence had declined to 46% at one month following capsule receipt, but, by
four months post-dosing, an estimated 86% of children had serum retinol concentrations
<0.70 lmol/L [382]. In sum, supplementation is an essential strategy for protecting against
xerophthalmia and excess mortality caused by vitamin A deficiency. However, it cannot sustainably
improve vitamin A status in a population [378].

Each year UNICEF procures and distributes over 400 million vitamin A supplements to nearly 80
countries [383]. Supplements are included on the list of essential medicines [344], to be managed via
regular supply chain mechanisms for maternal and child health services. The “fixed site” delivery of
capsules is generally integrated with immunization services [384]. Depending on health system
functionality therefore, coverage is likely to be much higher for younger children [385]. Capsules are
commonly given in tandem with the measles immunization at nine months of age. Reliance on this
contact, as opposed to the recommended dosing at six months of age [344], may limit the survival
benefit of supplementation during infancy [386]. Reliance on fixed site delivery alone can severely
limit coverage in areas with ineffectual health systems [383]. As supplementation was scaled up as a
child survival intervention, the linkage of capsule delivery with National Immunization Day cam-
paigns for polio eradication enabled a rapid increase in coverage with at least one annual dose [387].
This strategy was eventually overtaken by what became semi-annual delivery of vitamin A supple-
ments with other child health interventions, such as deworming or insecticide-treated bednet distri-
bution, termed Child Health Days or Weeks [388]. Child Health Days have ensured high supplement
coverage [389] and remain the most common delivery strategy at this time [378, 390].

Fig. 9.15 Distribution of serum retinol concentrations at initial contact, 1 month and 4 months following a mass
vitamin A supplementation campaign among Indian children in Orissa State (1–4 years) (from [378], © 2012
Cambridge University Press, Reprinted with permission)
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Fortification

Fortification represents an increasingly important food-based approach to control vitamin A and other
micronutrient deficiencies in LMICs [33], drawing on experiences from high-income countries, where
food production and marketing systems are highly industrialized, integrated, and readily reach the
consumer [391, 392]. Fortification is likely to be most effective when one or more food “vehicles” are
widely consumed by high-risk groups, processing and distribution are centralized (i.e., in a limited
number of facilities to enable quality control), organoleptic change from addition of vitamin A is
imperceptible over time under ambient conditions, and costs of fortification are both small relative to
the product itself, and absorbable by the consumer [33]. Data on usual vitamin A intakes, ideally from
repeated 24 h dietary recalls, is crucial in identify potential food vehicles and to set appropriate
fortification levels [33], as illustrated by reports from Cameroon [40, 393], Vietnam [394], and
Uganda [395]. Data collection on usual intake of potentially fortifiable food vehicles can be aided by
tools such as the Fortification Rapid Assessment Tool, or FRAT [396].

Efficacy trials designed and powered to test the impact of fortified foods on health outcomes are
limited in number. However, one large-scale trial in Indonesia provides strong evidence of a survival
benefit, reporting an 11% reduction in infant mortality and 45% reduction in child mortality [94]—
exceeding the child survival benefit of high-dose vitamin A supplementation [93, 95, 97–99]. This
trial, as well as research carried out in the Philippines, also showed significant reductions in
xerophthalmia among young children [94, 397, 398]. Most efficacy trials and large-scale effectiveness
studies reported in the literature have focused on serum retinol concentration as a primary outcome.
Studies of both monosodium glutamate [311, 397] and household sugar fortification [399–401] have
demonstrated significant improvements in vitamin A status. Given the fat-soluble nature of vitamin A,
products such as oil would serve as an ideal food vehicle [33]. Two studies from the Philippines have
considered fat-based vehicles [398, 402]. The first of these, which tested the impact of fortified
margarine, significantly improved serum retinol status of children [398]. The latter trial of fortified
coconut oil failed to improve vitamin A status, but serum retinol concentrations among children in
this study were already adequate [402]. Staples such as flour, rice, and salt offer the opportunity for
fortification with multiple micronutrients that could lead to the prevention of several micronutrient
deficiencies [403]. Studies of wheat flour [404, 405], maize meal [406], and salt [407, 408] support
both the feasibility and potential efficacy of this strategy for vitamin A deficiency control.

As a preventive strategy, industrial-scale food fortification has the potential to sustainably improve
vitamin A intakes and, therefore, status. This rightward shift in population vitamin A status is most
clearly illustrated by population-level data from Nicaragua (Fig. 9.16), which initiated its national
sugar fortification program in 1999 [400]. Cross-sectional assessments carried out over subsequent
years exemplify the stable, low prevalence of vitamin A deficiency that can be achieved with this
intervention [401]. Fortification has been fundamental to the success of several other Latin American
countries as well in effectively eliminating vitamin A deficiency [409]. While scale-up has been
slower in other LMICs, largely due to a lack of production and market potential for fortifiable foods in
many economies [391], fortification of sugar, oil, wheat flour, maize meal, and other commodities is
moving beyond the pilot phase in all high-risk regions [34, 37–40, 410, 411]. Additional vehicles for
vitamin A fortification supported by existing technology include margarine or other spreads, milk or
milk powder, instant noodles, salt, and infant formulas [33]. Fortified rice premixes made from
extruded rice flour and resembling natural milled grains have also been developed and are awaiting
expanded testing and use [412]. As programs are taken to scale, the assessment of vitamin A content
of fortified foods at different points in the supply chain (factory, market, and point of use), as well as
periodic dietary and biochemical assessments of target populations are recommended [33, 378], with
a particular focus to ensure that fortified foods penetrate into poor, geographically remote markets
[413].
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Biofortification

Biofortification is an emerging strategy developed to reach small-scale, subsistence farmers with
staple crops that can significantly increase provitamin A carotenoid intakes [414]. The broad goal in
developing biofortified crops is to fill a nutritional gap (e.g., 50% of the estimated average
requirement) under varying assumptions of staple crop consumption, bioconversion, and carotenoid
retention during storage and cooking [415]. Conventional plant breeders have employed methods,
such as marker-assisted selection, to identify and improve on staple crop varieties with naturally
higher micronutrient content [416, 417]. To date, these methods have yielded improved cultivars of
maize and cassava at or above a targeted 15 lg b-carotene per gram [418, 419], as well as sweet
potato varieties providing *30 to 100 lg b-carotene per gram [420]. There is inadequate variability
in the trait for provitamin A carotenoid content of rice grain to rely on conventional breeding methods
alone [421]. Potrykus and Beyer developed the first transgenic rice cultivar by introducing genes from
daffodil (Narcissus pseudonarcissus) and bacteria (Erwinia uredovora), enabling b-carotene
biosynthesis in the rice endosperm [422]. The most advanced cultivars of “Golden Rice” provide
up to 70 lg b-carotene per gram [423].

Nutrition research on biofortification published over the past decade supports the bioavailability
[424], effective bioconversion [425–428], and adequate retention of provitamin A carotenoids from
these crops [418]. Orange-fleshed sweet potato, the first of the provitamin A carotenoid-rich crops to be
released, has been tested inMozambique and South Africa, showing that consumption of this crop could
significantly increase serum retinol among high-risk groups [429] and vitamin A liver stores [430], as
measured by the modified-relative-dose-response test. Biofortified maize at the 15 lg b-carotene per
gram target has been tested in trials enrolling preschool-aged children in rural Zambia. Regular con-
sumption significantly improved total body vitamin A, as measured by retinol isotope dilution, in a
three-month trial enrolling * 150 children [431]. A larger trial of*1200 children reported significant
improvements in serum b-carotene concentration, but not serum retinol, in a population with marginal
vitamin A status [432]. That same trial found improvements in eye function among children with serum
retinol concentration <1.05 lmol/L at the outset of the intervention (AC Palmer et al., unpublished data,
2016). A third trial, which provided biofortified maize over a three-week period to lactating mothers,
suggested a reduced prevalence of low breast milk retinol (AC Palmer et al., unpublished data, 2016).

Fig. 9.16 Distribution of serum retinol concentrations prior to and at 1, 4, and 5 years following implementation of a
vitamin A sugar fortification program among Nicaraguan children (1–5 years) (from [378], © 2012 Cambridge
University Press, Reprinted with permission)

216 A.C. Palmer et al.



One cultivar of cassava with a b-carotene content of*5 lg/g has been tested in Kenya in 2012 among
deficient school-aged children, where the authors demonstrated a significant impact on both b-carotene
and retinol concentration in serum after a *4.5 month feeding period [433].

Even while breeders continue to improve available varieties and scientists continue to assess
nutritional efficacy, conventionally bred biofortified staple crops have been released and are being
scaled-up in countries throughout sub-Saharan Africa [434, 435]. A number of studies have docu-
mented good consumer acceptability of these varieties [429, 436–440], despite important differences
in organoleptic properties, as well as willingness to pay on the part of farmers [441, 442] and
consumers [443]. While there have been challenges in terms of achieving adequate adoption and
identifying appropriate and cost-effective delivery strategies [434], data have begun to accumulate
from Mozambique and Uganda to support the effectiveness of orange-fleshed sweet potatoes as a
means to increase vitamin A intakes among at risk populations [444, 445] and, in one setting, to
reduce the prevalence of marginal vitamin A status among preschool-aged children and women of
reproductive age [444]. While there has been progress with the conventionally bred biofortified crops
[434], the acceptability of transgenic varieties continues to be challenged at multiple levels [446]. At
present, the roll-out of Golden Rice is largely halted by political and regulatory hurdles [447].

Conclusion

Vitamin and mineral deficiencies rarely occur alone, rarely have a single cause, and always occur in a
wider ecological, social and political environment. Poor quality diets low in micronutrients are
invariably a consequence of poverty, itself a consequence of local, national, and global inequities.
Increasingly, it is recognized that vitamin A supplementation programs, while highly efficacious at
controlling the excess mortality and xerophthalmia resulting from vitamin A deficiency, have only a
transient impact on a population’s vitamin A status [378]. While nations have been successful at
achieving high coverage with this intervention, less attention has been paid to sustainably improve
dietary intakes and status, which will be a prerequisite for any scale-back of universal vitamin A
supplementation [378]. Countries need to be simultaneously looking to reinforce approaches to
diversify diets, including through the initiation and/or strengthening of industrial food fortification
and the introduction of biofortified staple crops [390]. Guidance is increasingly available on the
selection of an appropriate mix of interventions [390, 448, 449]. These preventive strategies must be
supported by continued investment in women’s education and development programs aimed at
improving social inequities.

Discussion Points

• Using the acronym SLAMENGHI, which strategies might you recommend to improve the
effectiveness of dietary diversification in improving vitamin A status?

• What are the justifications for vitamin A deficiency control among preschool-aged children,
infants, and women of reproductive-age? How would you judge the strength of the evidence in
each case?

• What socio-demographic and health conditions may predispose children to vitamin A deficiency?
• What are the major clinical features of severe vitamin A deficiency? Even in less severe defi-

ciency, what types of disorders can be attributed to inadequate vitamin A nutriture?
• What types of information would you need in order to guide a comprehensive program for vitamin

A deficiency control in a given country? How would you judge the effectiveness of that program?
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Chapter 10
Iron

Melissa Fox Young and Usha Ramakrishnan

Keywords Iron � Anemia � Micronutrient � Nutrition � Public health

Learning Objectives
By the end of this chapter the reader should be able to:

• Explain the regulation of iron metabolism
• Define iron deficiency and explain at least three methods of assessment
• Describe the epidemiology and main causes of iron deficiency in developing countries
• Explain and substantiate the functional outcomes of iron deficiency
• Explain key strategies to combat iron deficiency

Introduction

Iron is one of the most extensively investigated essential nutrients, which continues to be a dynamic
area of research. Just in the past decade our views of iron homeostasis have been completely
revolutionized. Despite these advances, iron deficiency remains one of the most common nutrition
disorders worldwide, affecting a large proportion of children and women in the developing world. It
also remains as a key nutrient deficiency of significant prevalence in virtually all developed countries.
Although the burden and causes of iron deficiency are well documented, ensuring adequate pre-
vention and control of iron deficiency remains a challenge especially in resource-poor settings that
demand greater efforts to promote and sustain public health measures that are feasible and
cost-effective [1].

Role of Iron in Biological Functions

Iron is element 26 in the periodic table and has an atomic weight of 55.85. Iron is found in all living
cells. In aqueous solution, iron exists in two oxidation states, either Fe2+, the ferrous form, or Fe3+,
the ferric form. Iron changes between these forms, enabling it to serve as a catalyst in redox reactions
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by donating or accepting electrons. This property lends itself to having numerous vital roles in
immune function, neurological function, cognitive development, and energy metabolism. Iron’s
essential roles in key iron-containing proteins are described below.

Hemoglobin

Hemoglobin has a molecular weight of 68,000 and is composed of four heme units. It plays an
essential role in oxygen transport from the lungs to tissues in erythrocytes. It combines with oxygen
in the pulmonary circulation and becomes largely deoxygenated in the capillary circulation of tissues.
In severe anemia, the hemoglobin content of erythrocytes is reduced, decreasing oxygen delivery to
tissues and leading to chronic tissue hypoxia.

Myoglobin

Myoglobin is found in muscle where it transports and stores oxygen needed for muscle contraction.
The structure of myoglobin is a single heme group with a single globin chain. Myoglobin accounts for
about 10% of the total body iron.

Cytochromes

Cytochromes contain heme and are essential to respiration and energy metabolism. Cytochromes a, b,
and c are involved in oxidative phosphorylation and the production of cellular energy. Cytochromes
serve as electron carriers in transforming adenosine disphosphate (ADP) to adenosine triphosphate
(ATP), the primary energy storage compound. Cytochrome P450 is found in microsomal membranes
of liver and intestinal mucosal cells.

Other Iron-Containing Enzymes

NADH dehydrogenase and succinate dehydrogenase are two nonheme iron-containing enzymes
involved in energy metabolism. Hydrogen peroxidases also contain iron and protect against the accu-
mulation of hydrogen peroxide. Catalase and peroxidase are two heme-containing enzymes that convert
hydrogen peroxide into water and oxygen. Other iron-containing enzymes include aconitase, phos-
phoenolpyruvate carboxykinase, and ribonucleotide reductase.

Metabolism and Regulation of Iron

The average total body iron is about 3.8 g in men and 2.3 g in women. The iron-containing com-
pounds in the body are grouped into functional iron (in which iron serves a metabolic or enzymatic
function), transport iron (bound to transferrin), and storage iron (ferritin and hemosiderin).
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Functional Iron

The most functional iron is in the form of heme proteins, i.e., proteins which contain an iron
porphyrin prosthetic group. The basic structure of heme is a protoporphyrin-9 molecule with one iron
atom. About two-thirds of the iron in the body is functional iron, mostly in the form of hemoglobin
within erythrocytes. Other functional iron includes myoglobin and iron-containing enzymes.

Transport of Iron

Iron is transported from the intestine to the tissues by a plasma transport protein, transferrin.
Transferrin has an extremely high affinity for Fe3+ (ferric state) and can bind two atoms of iron per
molecule. Transferrin transports iron from the intestine, storage sites, and hemoglobin breakdown
sites and delivers it to other cells through surface receptors specific for transferrin, i.e., transferrin
receptor [2]. The receptors bind to the transferrin–iron complex at the cell surface and carry the
complex into the cell, where iron is released. The iron supply of the body is reflected in the iron
saturation of transferrin. A low transferrin saturation indicates undersupply of iron or deficiency, and
a high transferrin saturation indicates oversupply of iron. Transferrin saturation can also be reduced
during inflammatory conditions such as a febrile response. Transferrin receptors are found in high
concentrations on tissues that have a high uptake of iron, including erythroid precursors, placenta, and
liver. The expression of transferrin receptors on tissues is highly regulated in response to the avail-
ability of iron. In an iron-rich environment, the number of transferrin receptors decreases. In an
iron-poor environment or when iron demand increases, the number of transferrin receptors increases.
The concentration of circulating plasma or serum transferrin receptors is proportional to the
expression of transferrin receptors on cell surfaces, and this is the basis for the use of circulating
transferrin receptors as an indicator of iron status.

Storage of Iron

In men, about one-third of the total body iron is in the form of iron stores, compared to only
one-eighth in women. The major iron storage compounds are ferritin and hemosiderin, which are
found primarily in the liver, spleen, reticuloendothelial cells, and bone marrow. In the liver, iron is
stored mainly in parenchymal cells or hepatocytes, and iron is also stored in reticuloendothelial cells
or Kupffer cells. In the bone marrow and spleen, iron is stored mainly in reticuloendothelial cells.
Stored iron is used primarily for the production of hemoglobin and for meeting other cellular needs
for iron. Ferritin is also located in the serum in trace amounts in proportion to body iron stores and is a
useful indicator of iron status. However, ferritin is also an acute phase protein and increases with
inflammation. Wide variations in the amount of storage iron can occur without any apparent effect on
body functions. Storage iron is usually almost entirely depleted before the development of iron
deficiency anemia. Full-term infants are born with a substantial store of iron, which usually can meet
the infant’s iron needs until 6 month of age [3]. Preterm and low birth weight (LBW) infants gen-
erally have reduced iron stores compared to full-term infants, and as a consequence, these infants may
deplete their iron stores as early as 2–3 month of age. Once infants have exhausted their body stores
of iron, it is difficult to build up substantial iron stores because of the rapid growth and high iron
requirement that occurs up to 24 month of age. After 24 month of age, the growth rate slows and iron
stores usually begin to accumulate [4]. Since the first 2 years of life represent a critical period when
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iron plays a key role in brain development, infant iron stores may be improved through the timely
introduction of appropriate sources of iron that include animal source foods, home fortification or
fortified complementary foods and/or iron-containing supplements, as described in later sections.

Iron Turnover and Loss

The production and destruction of erythrocytes accounts for most of the turnover of iron in the body
and is essential for maintaining iron homeostasis [5]. The average life span of erythrocytes is about
120 d, and in an adult, the daily iron turnover is about 20–25 mg. Most of the iron from degraded
erythrocytes is recaptured for the synthesis of hemoglobin. Iron losses in the feces are about 0.6 mg/d
from bile, desquamated mucosal cells, and minute amounts of blood [6]. Other routes of iron loss
include desquamated skin and sweat (0.2–0.3 mg/d) and urine (<0.1 mg/d). The average daily iron
loss from adult men is 1.0 mg/d (range 0.5–2.0 mg/d). Premenopausal women need to replace the
iron in menstrual blood loss, which accounts for 0.4–0.5 mg/d, combined with other iron losses for a
total average iron loss of 1.3 mg/d [7].

Absorption of Iron

While iron has numerous essential functions it is important to note that iron may also be very toxic
given iron’s ability to participate in redox reactions and generate free radicals. For example, in certain
genetic conditions (hereditary hemochromatosis) iron overload can lead to organ dysfunction and
failure. Iron’s dual essential yet toxic effects in the body lend to a tightly regulated system. Since the
body has no mechanism for the regulated excretion of iron, homeostasis depends on finely regulated
dietary iron absorption.

Dietary iron consists primarily of either nonheme iron or heme iron, and these are absorbed by
different mechanisms [8]. Heme iron sources include hemoglobin and myoglobin where iron is tightly
bound within a porphyrin ring structure. Key dietary sources are meat, poultry, and fish. Nonheme
iron includes all other iron sources and comes from both plant and animal sources and is also the form
of iron in supplements.

Over the past decade, there have been immense advances in our knowledge of intestinal nonheme
iron absorption and regulation [9]. Dietary nonheme iron in the ferrous state (Fe2+) enters the
enterocyte from the gut lumen through a divalent metal transporter (DMT1). Iron that reaches the gut
in the ferric state can also be transported across the enterocyte but must first be reduced
(Fe3+ → Fe2+) by duodenal cytochrome B (DCYTB) on the brush border (apical) membrane before it
is transported by DMT1. Nonheme iron that enters the enterocyte is either stored as ferritin or
exported across the basolateral membrane through ferroportin (FP-1), also previously referred to as
iron-regulated transporter protein-1. This export process involves hephaestin (Hp), a ferroxidase,
which oxidizes ferrous iron to ferric (Fe3+) iron in order for it to be exported across the basolateral
membrane via FP-1 and subsequently incorporated into serum transferrin (Tf).

Intestinal uptake of heme Fe differs markedly from that of nonheme Fe. The elusive heme
transporter was thought to be discovered (heme carrier protein, HCP1) [10]; however, upon further
investigation, Qui et al. [11] demonstrated that HCP1 was actually a proton-coupled folate transporter
(PCFT) and a poor heme transporter at best, which leaves the primary heme transporter in both the
intestine and placenta yet to be fully characterized. It has also been hypothesized that heme iron is
taken up by receptor-mediated endocytosis; however, the mechanisms have not been worked out for
this pathway either [12]. Furthermore, it is currently unknown if once heme iron enters the intestinal
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cell if it is transported across the basolateral membrane intact via one of the recently identified heme
transporters, BCRP (breast cancer resistance protein, also known as ABCG2) or FLVCR (feline
leukaemic virus receptor C) [13, 14]. Alternatively, heme may be catabolized by heme oxygenase
(HO) within the enterocyte so that it can then enter a common inorganic iron pool with nonheme iron
(Fig. 10.1) [15].

Iron absorption is primarily influenced by the biochemical form of iron in the gut lumen (heme or
nonheme), the iron status of the individual, and the bioavailability of the iron source (based on iron
form, meal composition, and the presence of enhancers or inhibitors such as ascorbic acid and phytic
acid, respectively) [16]. Although heme iron comprises a smaller proportion of iron in the diet, the
absorption of heme iron is significantly greater than nonheme iron and is less affected by the overall
composition of the diet and iron status of the individual. On the other hand, iron status of the
individual and iron bioavailability have been reported to alter nonheme iron absorption up to 10–15
fold [17]. Thus, individuals with little or no iron stores absorb a greater fraction of nonheme iron from
the diet, whereas individuals with sufficient iron stores absorb less iron from the diet. The process of
selective absorption is an essential mechanism for regulating iron balance.

Regulation of Iron Homeostasis

There are multiple pathways through which iron homeostasis regulation occurs but two key mech-
anisms are (1) iron regulator proteins (IRPs) which is essential for cellular regulation [18, 19] and
(2) hepcidin which is essential for systemic regulation [20, 21].

Cellular iron homeostasis is finely regulated in response to iron status by the coordinated up or
down regulation of key proteins involved in iron uptake, export, storage, and utilization through iron
regulatory proteins (IRP-1 and IRP-2) [18, 19]. These IRPs bind to specific iron response elements

Fig. 10.1 Heme and nonheme iron absorption. Acronyms: divalent metal transporter (DMT1), duodenal cytochrome B
(DCYTB), ferroportin (FPN1), hephaestin (HEPH)
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(IREs) located in the 3′ or 5′ untranslated regions (UTR) of mRNAs that encode for key iron transport
proteins and allow for posttranscriptional, iron-dependent regulation. Depending on whether the IRE
is located in the 3′ (as found for transferrin receptor, TfR) or 5′ (as found for ferritin) end of the UTR,
binding of iron regulatory proteins (IRP) may stabilize or inhibit the translation of key iron proteins in
response to cellular iron status. In conditions when the cell is iron-loaded, IRP-1 assembles an iron–
sulfur cluster (4Fe–4S) preventing IRE binding and IRP-2 undergoes proteasomal degradation. This
up or down regulation of target genes allows for coordinated shifts from production of either iron
storage proteins or iron transport or export proteins in response to cellular iron needs.

Hepcidin is a small cysteine-rich peptide hormone that has recently emerged as a key regulator of
systemic iron homeostasis (Fig. 10.2) [22]. In normally healthy persons, hepcidin levels are thought
to decrease during iron deficiency and increase in states of iron sufficiency. Hepcidin, initially referred
to as LEAP-1, was discovered as an urinary antimicrobial peptide synthesized in the liver [23, 24] that
could be induced by both high iron status and inflammation [25]. This could serve as a protective
mechanism both against iron excess/toxicity and potentially in immunity as the reduced availability of
extracellular iron can limit the multiplication rate of invading microbes, though these mechanisms
require further examination. Further research has also demonstrated that hepcidin expression may also
be diminished in response to increased erythroid drive, hypoxia, and iron deficiency. Transcriptional
regulation of hepcidin is complex and remains an open area of research. Hepcidin regulates iron
absorption by binding to ferroportin (the basolateral iron export protein) leading to its internalization
and degradation within lysosomes. The loss of ferroportin effectively blocks iron export from the
enterocyte, leading to a reduction in intestinal absorption. Hepcidin is believed to impact iron
metabolism through four primary pathways: regulation of iron absorption in the gut; iron recycling
from macrophages; control of hepatic iron storage; and regulation of placental iron transport to the
fetus during pregnancy [26].

Fig. 10.2 Systemic iron homeostasis. Major iron flows and their regulation by hepcidin and ferroportin. Iron in
transferrin is indicated in blue, and iron in erythrocytes is in red. Hepcidin controls the iron flow into plasma by
inducing the endocytosis and proteolysis of the iron exporter ferroportin (brown). From Ganz [22]
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Assessment of Anemia and Iron Deficiency

Anemia is a commonly used indicator to screen for iron deficiency in clinical settings, or to define the
burden of iron deficiency in population-based surveys. Although anemia in itself is not specific for
iron deficiency, especially in areas where other conditions such as malaria are common, there is a
close association between anemia and iron deficiency. Iron deficiency is the most common cause of
anemia in most parts of the world; recent estimates suggest 50% of anemia in nonpregnant and
pregnant women and 42% of anemia in children are amendable to iron supplementation [27]. Iron
deficiency anemia represents the severe end of the spectrum of iron deficiency and requires the
fulfillment of both the definition of anemia and iron deficiency [28]. Iron deficiency without anemia
represents a moderate form of iron deficiency where iron-dependent function is impaired and may
result in functional consequences. Depleted iron stores represent the mildest form of iron deficiency
when there are no functional impairments or anemia. Anemia is defined as hemoglobin concentration
below −2 standard deviations (SD) of the age- and sex-specific normal reference. The most com-
monly used cutoff for anemia is hemoglobin <110 g/L for under five children and pregnant women,
<120 g/L for nonpregnant women, and <130 g/L for men. Severe anemia is defined as hemoglobin
<70 g/L in pregnant women and children under 5 and <80 g/L for men and nonpregnant women [29].

Iron Deficiency

A number of hematologic and biochemical tests enable the characterization of iron status. Often, iron
deficiency is defined by one or more abnormal iron biochemical tests: serum ferritin, transferrin
saturation, transferrin receptor, and erythrocyte protoporphyrin (Table 10.1). Iron deficiency anemia
is defined as meeting the criteria for both iron deficiency and anemia based on hemoglobin testing.
Low serum ferritin per se is regarded as low or depleted iron stores. Even though all iron-related tests
respond to changes in iron status, each test reflects different aspects of iron metabolism. For this
reason, various tests are therefore of different utilities, and results may not always agree between tests.

Serum ferritin is a well-accepted marker of body iron stores and can be determined in venous or
capillary bloods or dried blood spots using enzyme-linked immunosorbent assays (ELISA) or two-site
immunoradiometric assays [30, 31]. Although still expensive for field-based settings, the ability to
measure serum ferritin from dried blood spots is a major contribution. One of the problems with
serum ferritin, however, is that infection and inflammation can falsely elevate the levels and is
therefore a concern in areas where infections and parasitic diseases are common. The inclusion of a
marker of infection such as C-reactive protein and alpha(1)-acid glycoprotein (AGP) to adjust ferritin
concentrations or a slightly higher cutoff value (<15 µg/L vs. <12 µg/L) has been recommended to
address this concern [32, 33].

Other markers of iron status are based on the transport form namely transferrin which can be
measured using chromogenic methods. The measurement of serum transferrin receptors either from
venous blood or whole blood using ELISA techniques is also another good indicator of iron status.
Elevated expression of serum transferrin receptors is indicative of iron-deficient erythropoiesis which
may be common in regions where iron deficiency is common but the prevalence of anemia is not that
high. Total body iron can also be calculated by the ratio of serum transferrin receptor to serum ferritin as
described by Cook et al. [34]; (total body Fe (mg/kg) = −[log (serum transferrin receptor/serum
ferritin) − 2.8229]/0.1207) and is useful to measure iron status. Similarly, elevated levels of free
erythrocyte protoporphyrin (FEP) are indicative of impaired heme synthesis due to lack of iron and can
be measured in whole blood using hematofluorometry. Although field friendly equipment has been
developed, problems remain in the use of these methods for large population-based surveys. It should
be noted that a WHO and CDC Technical Consultation on the Assessment of Iron Status at the
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Population level recommended the use of hemoglobin and serum ferritin as the most efficient com-
bination for monitoring programs that aim to improve iron status [35]. In addition, new method
advances on assessing ferritin, transferrin receptor, CRP, AGP, and retinol-binding protein from a
combined sandwich ELISA requiring a small amount of serum that can be obtained by finger prick may
allow for infection and nutritional status to be obtained simultaneously and cost-effectively in field
settings [36].

Anemia

Anemia as measured by low hemoglobin concentration or low hematocrit is by far the most commonly
used indicator for detecting iron deficiency. Common causes of anemia other than iron deficiency
include malaria, hereditary hemoglobinopathies or red cell production defects such as thalassemia
minor, recent or current infections including human immunodeficiency virus (HIV) infection, and any
chronic conditions with an inflammatory response. On an individual basis, anemia cannot be used to
detect those with milder forms of iron deficiency (iron deficiency without anemia). Because it is not
generally feasible to perform iron biochemistry tests in many settings, hemoglobin response to iron
treatment is a common approach in diagnosing iron deficiency. Evidence from randomized control
trials of iron supplementation in anemic subjects has demonstrated mean hemoglobin increases of
10.17 g/L for pregnant women, 8.64 g/L for nonpregnant women, and 8.0 g/L for children [27, 37,
38]. These hemoglobin shifts can then be applied to estimate the proportion of all anemia amenable to
iron supplementation for global estimates of iron deficiency. One common reason for the misdiagnosis
of anemia is inadequate laboratory procedures for hemoglobin determination related to capillary blood
sampling or owing to inaccurate laboratory methods or procedures.

Field Testing for Hemoglobin

A portable photometer, the HemoCue system (Anglholm, Sweden), has been used in many different
field surveys for the evaluation of anemia [39]. This system consists of a battery-operated photometer
and a disposable cuvet, which is coated with the dried reagent (sodium azide) and serves as the blood
collection device. This one-step blood collection that does not require handling any wet reagents
makes the system uniquely suited for rapid field surveys. Non-laboratory personnel can be quickly
and easily trained to operate the device, which is not dependent on electricity. Most importantly,
when used by well-trained personnel, the HemoCue system has satisfactory accuracy and precision
when compared to laboratory-based methods of measuring hemoglobin [40]. Long-term field expe-
rience also demonstrates that the instrument is stable and durable. However, in humid climates, care
must be taken in the proper storage of cuvettes to ensure accuracy. These features make the HemoCue
system suitable for the inclusion of hemoglobin measurements in nutrition surveys.

Detection of Anemia by Clinical Examination

In resource-poor settings where it is not feasible to detect anemia by measurement of hemoglobin or
hematocrit, clinical examination has been widely used to detect those with severe anemia. The extents
of pallor of skin, conjunctiva, tongue, and palms are typically evaluated but may be subject to
inter-examiner errors. In one study, sensitivity and specificity for the detection of severe anemia
(hemoglobin < 70 g/L) was reported to reach the range of 50–60 and 90%, respectively [41].

10 Iron 243



Use of Frequency Distributions of Hemoglobin in Assessing Iron Status

Hemoglobin measurements have been used traditionally to estimate iron nutrition among women and
young children in large surveys, and the prevalence of anemia serves as the index of severity of iron
deficiency in the population. This approach is useful in areas where iron deficiency is the predominant
cause of anemia, as is generally the case in many low- and middle-income countries (LMICs). In
settings where poor iron intake is the main etiologic factor, children and women are disproportion-
ately affected, and the hemoglobin concentration of adult men whose requirements are lower is
virtually unaffected. If conditions other than poor dietary iron intake also are present at a significant
level, men can also have a high prevalence of anemia. For this reason, inclusion of a sample of men
for anemia surveys can be useful in defining the nature of a high prevalence of anemia among
children and women. If the prevalence of anemia for men is low, poor dietary iron intake is almost
certain to be the cause of anemia in children and women. If men also have a high prevalence of
anemia, factors other than poor dietary iron intake are usually present. This can include severe
hookworm infection causing iron deficiency owing to blood loss [42].

Prevalence of Iron Deficiency and Anemia

Globally 43% of children under five and 38% of pregnant women are anemic [27]. The prevalence is
particularly high in south Asia and west Africa (Table 10.2). Although there is considerable variation
by region, young children and women of reproductive age are at greatest risk. Iron deficiency is the
most common cause of anemia; recent estimates suggest 50% of anemia in nonpregnant and pregnant
women and 42% of anemia in children are amendable to iron supplementation [27]. For severe
anemia the proportions amenable to iron supplementation are more than 50% for children and
nonpregnant women and over 60% for pregnant women. Other key factors that contribute to anemia
include other nutrient deficiencies (folate, vitamin B12, vitamin A), genetic traits (including sickle
cell anemia and thalassaemia), malaria, schistosomiasis, hookworm and trichuris infection, and HIV
and some non-communicable diseases [27].

The complex etiology of anemia in certain settings may explain the limitation of using hemoglobin
as an indicator of response for programs aiming to reduce the burden of iron deficiency. Nevertheless,
because the presence of anemia reflects a more severe form of iron deficiency, it is safe to assume that
the actual presence of iron deficiency is about two to three times that of the prevalence of iron
deficiency anemia. For example, if a survey found that 30% of young children were anemic, and
further testing using an iron-specific test found that two out of three of these children had clear
evidence of iron deficiency, then 20% of the children would have iron deficiency anemia. The
estimated prevalence of iron deficiency for this childhood population would be 40–60%.

Risk Factors/Etiology

The highest risk groups for iron deficiency are preterm and low birth weight infants, infants, and
children during periods of rapid growth, infants receiving undiluted cow’s milk before one year (see
also Chap. 15 on milk), premenopausal women, pregnant women, and individuals with nematode
infections in the gastrointestinal tract (Table 10.3). Low consumption of iron-containing foods and
consumption of high phytate foods, tannin containing tea, coffee, and other foods that inhibit iron
absorption also increase the risk of iron deficiency. These individual risk factors will be discussed
throughout the following sections.
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Increased Requirement for Iron

In general, the etiology of iron deficiency can be viewed as a negative balance between iron intake
and iron need and loss. Whenever there is rapid growth, as occurs during infancy, early childhood,
adolescence, and pregnancy, iron requirement is much greater, and hence, a positive iron balance is
difficult to maintain. The blood volume expands in parallel with growth, with a corresponding
increase in iron requirement [43]. Table 10.4 compares the iron requirement of infants, women, and
men. It is clear that infancy and pregnancy are times when requirement is high, increasing the risk for
iron deficiency. Iron loss, related to monthly menstrual blood loss as well as iron transfer to the fetus
during pregnancy, is a major factor in the increased risk of iron deficiency for women of childbearing
age [44]. Risks of iron deficiency during pregnancy are especially high because pregnancy-associated
iron losses approximate 480–1150 mg (including losses to the fetus, placenta, and blood loss at
delivery) [45]. In a 55-kg woman the total iron requirement during pregnancy is approximately
1040 mg and corresponds to daily absorbed iron needs of roughly 0.8 mg, 4–5 mg, and 6–8 mg/d for
each of three trimesters of pregnancy, respectively [46]. Many women struggle to meet the iron
demands required for nonpregnant women (1.5 mg/d), so meeting these increased requirements
during pregnancy from dietary sources alone is especially difficult. Pregnant adolescents are at an
even higher risk of developing iron deficiency compared with pregnant adults because they also face
the increased nutrient demands of growth and development. During adolescence, girls have a peak
weight gain of 9 kg/year, which requires an additional 280 mg of iron to maintain circulating
hemoglobin concentrations [3]. Even otherwise healthy adolescents are at increased risk of devel-
oping iron deficiency due to these high iron demands. Finally, closely spaced pregnancies do not
provide adequate time to rebuild iron stores and thereby significantly increase the risk of iron
deficiency for the next pregnancy. The intergenerational cycle of iron deficiency is further perpetuated
as women who are iron deficient are more likely to give birth to infants with insufficient iron stores
and at greater risk for developing iron deficiency [47].

Poor Dietary Intake

Worldwide, the majority of iron deficiency is the direct result of low dietary iron content, especially
of bioavailable iron. The dietary source of iron strongly influences the efficiency of the absorption.
For infants, the iron content of milk consumed is a major determinant of iron status. The iron content
of breast milk is low, in comparison to that of cow’s milk. However, 50% of the iron in breast milk

Table 10.3 Risk factors for iron deficiency

Prematurity

Low birth weight

Rapid growth
Menstruation
Pregnancy

Young age at first birth

Short birth spacing

Sensitivity to cow’s milk

Low consumption of meat

High consumption of phytates (common in largely plant-source-based diets)

Nematode infection in gastrointestinal tract
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can be absorbed, in contrast to less than 10% from cow’s milk. The higher absorption efficiency of
human breast milk does not entirely make up for the low iron content. Premature and LBW infants in
particular may be at risk of developing iron deficiency before 6 months and there is an urgent need to
address this issue [48]. After 6 month of age, breast-fed infants require an additional source of iron
from the diet to meet their iron requirement. Unfortunately, in most settings, complementary food is
low in iron content and bioavailability. The amount of iron absorption from foods ranges from less
than 1% to more than 20%. Foods of vegetable origin are at the lower end of the range, dairy products
are in the middle, and meat is at the upper end. Meat is a good source of iron, because most iron is in
the form of heme iron, which has an absorption efficiency of 10–20%, which is two to three times
greater than that for nonheme iron (2–7%). Nonheme iron is not only less well absorbed, but the
absorption is strongly influenced by the other foods ingested at the same meal. Ascorbic acid and
meat protein are among the most potent enhancers of nonheme iron absorption. Tannin in tea and
phytic acid in grain fibers are among the better known inhibitors of nonheme iron absorption.

Abnormal Iron Loss

The normal turnover of intestinal mucosa with some blood loss can be regarded as physiological
blood loss, which is accounted for in the daily requirement. Normal menstrual blood loss is also an
obligatory or physiological loss. The most common reason for abnormal blood loss in infants and
younger children is the sensitivity of some children to the protein in cow’s milk, resulting in increased
gastrointestinal occult blood loss. In many tropical communities where hygienic conditions are
inadequate, hookworm infection is a major cause of gastrointestinal blood loss for older children and
adults. Hookworms cause bleeding in the upper intestine, and the severity of blood loss as measured
by the hemoglobin content of feces is proportional to the intensity of the hookworm infestation and
infecting species. A. duodenale causes a greater level of bleeding than N. americanus. For example in
a study in Tanzania, among children with only N. americanus there was a 61% prevalence of anemia
and 33% prevalence of iron deficiency. However, among children infected with A. duodenale there

Table 10.4 Iron recommended daily allowancea

Age (year) Male Female

Infants

0–0.5 0.27b 0.27

0.5–1 11 11

Children

1–3 7 7

4–8 10 10

9–13 8 8

14–18 11 15

Adults

19–50 8 18c

>51 8 8

Pregnant N/A 27

Lactating N/A 9
aAssuming medium bioavailability (10% iron absorption)
bMean adequate intake to be all by breast-fed infants
cNonpregnant non-lactating. Institute of Medicine, Dietary Reference Intakes. National Academy Press, 2001
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was nearly a twofold increase in iron deficiency (59% iron deficiency, 81% anemia) [49]. Trichuris,
found in the colon, has also been shown to contribute to blood loss, but to a lesser extent than
hookworm.

Functional Consequences of Iron Deficiency

Hemoglobin contains the majority of functional iron in the body, and in addition, there are a number
of other iron-dependent enzymes that can be adversely affected by iron deficiency [50]. The func-
tional consequences of iron deficiency especially maternal and child health outcomes which are of
major public health importance are briefly reviewed in this section.

Anemia and Maternal Mortality

Iron deficiency is widely recognized as a substantial risk factor for maternal death [51]. In late
pregnancy, a 10 g/L increase in mean hemoglobin is associated with an odds ratio of 0.71 (95% CI
0.60–0.85) for maternal death. Previous WHO estimates have attributed 18% of maternal deaths to
anemia [52]. These estimates vary by context. Recently, researchers in India estimated that
approximately 40% of maternal mortality is directly or indirectly caused by anemia [53] with severe
anemia contributing up to 15% of maternal deaths [54]. Although mild anemia (10–20 g/L below the
cutoff) is not accompanied by health impairment, at a moderate level of anemia, reduced
oxygen-carrying capacity begins to interfere with aerobic function [55]. In areas where severe anemia
(hemoglobin < 80 g/L) is common, iron deficiency is usually one of multiple causes of anemia [56].
Very severe anemia (hemoglobin < 50 g/L) is associated with increased childhood and maternal
mortality, and is often regarded as the underlying cause of death [57, 58]. Deaths associated with
severe anemia generally occur in time of increased physiological stress, for example, during an acute
febrile illness for a young child, or during the peripartum period, when oxygen delivery and car-
diovascular function are further compromised by worsening hemoglobin concentrations. In contrast to
the known effects of severe anemia, the role of mild to moderate anemia and iron deficiency in
reducing mortality remains controversial [59–61]. The causal association between iron deficiency and
maternal mortality has been questioned and a major limitation is the dearth of randomized
placebo-controlled trials (RCT) which are difficult to conduct in settings where there may be an
impact, since prenatal iron–folate (IFA) supplementation is part of routine care [62, 63].

Birth Outcomes and Mortality

Maternal iron deficiency anemia is an important contributor to poor birth outcomes [51]. Iron defi-
ciency and anemia during pregnancy are associated with increased risk of low birth weight and
increased perinatal mortality [64–66]. In a recent meta-analysis of controlled trials, routine daily iron
supplementation during pregnancy was associated with a 20% reduction in low birth weight [67]. In a
study by Mwangi et al. [68], even in malaria-endemic areas in Kenya the benefits of antennal iron
supplementation remained high, a 150 g increase in birth weight and a 58% reduction in the
prevalence of LBW with no effect on risk of maternal Plasmodium infection. Fewer studies have
examined other outcomes but a large study from Indonesia showed that prenatal IFA supplementation
was associated with a 34% reduction in death among children under 5 [69]. In China, iron and folic
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acid compared to folic acid supplementation alone were associated with over a 50% reduction in
neonatal mortality [70]. Similarly in Nepal, prenatal IFA compared to vitamin A only was associated
by a 31% reduction in death among children under 7 years [71]. However, a recently completed
double-blind RCT among Chinese women with no or mild anemia showed that, compared to folic
acid only, prenatal IFA and MM supplements containing iron prevented only later pregnancy anemia
and had no significant impact on mortality or other infant outcomes [72]. The mechanisms in which
iron supplementation may impact child survival are still unclear and require further investigation.

Child Behavior and Development

The relationship between iron nutritional status and the cognitive development of children has been
an area of active investigation. The 2013 Lancet series recently reviewed this evidence [51]. Among
children 5 years and older, iron supplementation has a positive impact on child development in
populations where iron deficiency is common; however, the evidence for children 3 years and
younger is less clear. Many studies have shown that iron deficiency anemia in children under 3
negatively impacts development; however, research from iron supplementation trials has only
demonstrated consistent relations with improved motor development with no consistent evidence on
mental development [51]. As suggested by Black et al., further evidence is needed as it may be that
longer duration trials are needed to demonstrate impact on mental development or that the impact of
iron deficiency in young children is irreversible. For this reason, control of childhood iron deficiency
anemia should be based on primary prevention, rather than relying on the detection of anemia in
children after significant iron deficiency has occurred.

In addition to the direct impact of the child’s iron status, iron-deficient women may be at increased
risk of depression which in turn would impact mother–child interactions and influence child growth
and development. Maternal iron supplementation in high-income counties has been associated with
improved maternal mental health and reduced fatigue [73]; however, there is limited data from
LMICs of the impact on mother’s mental health and mother–child interactions [51]. In a study by
Perez et al. [74], iron deficiency anemia among South African mothers both negatively altered
mother–child interactions and was associated with poorer infant development scores at 10 week and
9 months of age. Furthermore, research by Christian et al. [75] demonstrated that the impact of
maternal iron and folic acid supplementation may have lasting positive impacts on child development.
Children 7–9 years of age whose mother received iron and folic acid supplementation during preg-
nancy scored better in several areas of child development (working memory, inhibitory control, and
fine motor functioning).

Work Performance and Productivity

It is well established that significant anemia related to iron deficiency will reduce work performance.
The classic study by Viteri [76] demonstrated a linear dose–response relationship between hemo-
globin concentration and Harvard step-test performance. The adverse effect of iron deficiency on
work or energy output appears to be mediated through a combination of decreased oxygen-carrying
capacity from anemia and the effect of iron deficiency on muscle function. In animal studies, it has
been shown that both aerobic and anaerobic functions are reduced [77].

In low-income countries, where a large proportion of the economic output is based on physical
labor, a major reduction in work capacity can be of great economic consequence. Iron supplemen-
tation studies among rubber tappers in Indonesia and tea pickers in Sri Lanka have clearly shown that
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gain in productivity is secondary to treatment of significant anemia [78, 79]. If the average reduction
in productivity is 20% for an anemic individual, in a country where 50% of the women and 20% of
the men are affected, the impact of iron deficiency anemia equals a total loss of 5–7% of the national
economic output. Therefore, the economic consequence of iron deficiency for some poor countries
may be substantial [80].

Heavy Metal Absorption

In high-income countries such as the United States and in some situations in LMICs, an important
consequence of iron deficiency is an increased risk of lead poisoning [81]. In the United States, young
children who have iron deficiency have a three to four times higher prevalence of lead poisoning than
children who are not iron deficient [82]. This association is partly socioeconomic: poor children are
more likely to have nutritional disorders and are also more likely to live in inadequate housing where
risk to lead exposure is greater [82]. However, there is strong evidence of a direct association between
iron deficiency and lead toxicity, related to the fact that iron-deficient individuals have increased
efficiency of lead absorption [83]. This increased absorptive capacity is not specific for iron, and the
absorption of other divalent metals, including toxic heavy metals such as lead and cadmium, is also
increased [84]. The microcytic anemia thought in the past to be owing to lead poisoning is in fact iron
deficiency anemia, which is frequently observed among children with lead poisoning [85]. Prevention
of iron deficiency would reduce the number of children who are susceptible to lead poisoning through
greater lead absorption, and one study suggests that iron treatment of children with lead poisoning
may also help reduce their lead burden [86]. In a controlled clinical trial conducted among
lead-exposed Mexican schoolchildren showed that daily supplementation with iron and/or zinc
reduced blood lead concentrations but had no impact on cognition [87]. The investigators concluded
that iron or zinc supplementation could not be recommended as the sole treatment for improving
cognition in lead-exposed children. In conjunction with efforts to prevent iron deficiency, contex-
tualized public health efforts are needed to limit child exposure to lead. In a recent review, it was
found that US refugee children were nearly twice as likely to have elevated blood lead levels
compared to non-refugee US children due to country of origin-specific pre-entry risk exposure and
traditional practices (for example use of lead-based cosmetic around the eyes) [88].

Iron and Infection

While the benefits of iron supplementation are clear, in malaria-endemic areas it has been contro-
versial whether these benefits would outweigh potential increased risk of malarial infection. In a
classic paper by Sazawal et al. [89], a large community-based controlled clinical trial conducted in a
malaria-endemic region in Zanzibar showed that routine supplementation with iron and folic acid
increased hospitalizations and mortality. A recent Cochrane review that looked at the collective
evidence concluded that iron supplementation is not harmful as long as regular malaria surveillance
and treatment services are provided [90]. Currently the WHO recommends intermittent iron sup-
plementation in children in malaria-endemic regions and that these programs be conducted in con-
junction with adequate measures to prevent, diagnose, and treat malaria [91]. Additional research is
needed to better understand how supplements and malaria interact within specific target groups (e.g.,
age, sex, pregnant, nonpregnant women) based on prior malaria exposures.

Furthermore, in areas where hookworm prevalence is 20% or greater, it is recommended to also
provide anthelminthic treatment with iron supplementation. However, there is limited evidence of the
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impact of anthelminthic treatment in pregnancy. A recent meta-analysis of randomized trials did not
demonstrate any clear benefits in maternal and child health outcomes; however, observation studies
have reported associations with reduced maternal anemia, low birth weight, and mortality [92].
Current evidence suggests that it is safe to deworm women after the first trimester of pregnancy, and
the decision of deworming all children and women can be based on the local prevalence, because
screening and treatment on the individual level may be less feasible.

Another emerging area of research is the impact of iron supplementation on the gut microbiome
and intestinal inflammation. In a study by Jaeggi et al. [93], iron fortification among Kenyan infants
was associated with increased pathogen abundance and diarrhea. Further research is needed to weigh
the cost: benefit ratio of small increases in illness with sometimes large impacts on iron deficiency and
anemia, and their consequences, among deficient children and to examine the need of targeted versus
population-based programs in areas with a high burden of infectious disease.

Control of Iron Deficiency and Anemia

Given the widespread prevalence and dire consequences of iron deficiency anemia there is an
immediate need to implement effective prevention and treatment interventions in women and chil-
dren. Combining strategies that address both diet quality and quantity with public health interventions
such as improved hygiene and sanitation, routine deworming, and increased access to health service
are often needed in many settings where the etiology of iron deficiency and anemia is complex.
Table 10.5 summarizes some of the key interventions for combating iron deficiency and anemia.
Below is a brief summary of some of the key nutritional interventions.

Iron Supplementation

Iron supplementation is the most common approach to combating iron deficiency anemia across the
globe. The WHO has recently released guidelines for supplementation for women and children as
described in Table 10.6. Beyond the target groups listed in the table, earlier iron supplementation for
preterm or LBW infant may be necessary given their low iron stores at birth. However, further work is
needed to establish the optimal timing, duration, and long-term effects in this vulnerable population
[48].

Table 10.5 Intervention strategies for the prevention and treatment of iron deficiency/anemia

Nutritional Non-Nutritional

• Supplementation • Hookworm/parasite treatment

• Fortification/Biofortification • Malaria treatment

• Home fortification (MNP) • Increasing birth interval (>2 year)

• Increasing age at 1st pregnancy

• Other food-based strategies
– Dietary diversification
– Balance of enhancers and inhibitors of iron bioavailability
– Community gardens
– Animal production

• Income-generating activities
• Delayed cord clamping
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Iron supplementation is a very effective means for combatting iron deficiency anemia. For
example, in a recent meta-analysis, daily maternal iron supplementation during pregnancy led to a
69% reduction in the incidence of anemia at term and 66% reduction in IDA [67]. However, despite
widespread universal iron supplementation policies anemia remains one of the most prevalent nutrient
deficiencies in the world. One key reason for the seeming paradox is poor coverage and imple-
mentation of iron supplementation programs. In a review of 2003–2009 DHS data, coverage across
the globe is extremely poor, in Sub-Saharan Africa 40% of women do not receive any iron during
pregnancy and less than 20% receive the supplement for at least 90 days [94]. Also, few LMICs have
effective iron supplementation programs for young children and efforts have been hampered by the
lack of low-cost preparation or drops for distribution in developing countries and lack of experience
for large-scale supplementation. One major limitation of the iron supplementation strategy is the need
to establish a system for supply and distribution of iron tablets through the primary health care
system, and such supply and distribution is not always reliable in a resource-constrained setting. As
with any system where there are multiple steps in getting supplies to a target population, it is not
uncommon to have breakdowns in the supply chain. Poor compliance is another common problem for
any medication required over a long period of time by asymptomatic individuals. At higher doses of
iron (60 mg or more of elemental iron), the gastrointestinal side effects are common and may
contribute to a lack of compliance. To overcome these problems, proper education on the importance
of the supplement and awareness and management of potential side effects need to be provided as part
of the distribution program. Efforts to improve the effectiveness of the program include assuring the
supply and distribution, communication towards primary health care workers and women on the
benefits and non-harmful side effects of supplementation [95, 96]. Another potential reason for lack of
substantial anemia reduction could be the presence of other limiting factors (i.e., beyond iron defi-
ciency), such as vitamin A deficiency, or infections such as hookworm, malaria, or HIV infection.
Thus far, the evidence indicates that greater effort is still needed to improve the effectiveness of such
programs. Another approach under investigation is whether to provide multivitamin–mineral sup-
plements instead of iron–folate supplements during pregnancy. Although policy recommendations
have not yet been made, several meta-analyses of controlled trials that compared prenatal multiple
micronutrients (MM) to iron–folate including the latest Cochrane review [97] have reported small
(*10%) but significant reductions in the incidence of LBW and SGA but no differences in the
prevalence of maternal anemia [97, 98]. There were also no differences in maternal or neonatal
mortality [97, 98] that were raised as potential concerns earlier [98, 99]. It is interesting to note that
iron–folate supplements contain 60 mg iron, whereas the multiple micronutrient supplements contain
30 mg, which was apparently equally effective for addressing maternal anemia and is associated with
less side effects.

Nevertheless, considerable progress has been made during the past decade in the development and
testing of alternative approaches to deliver micronutrients such as iron along with other critical
nutrients such as vitamin A, zinc, and multiple micronutrient combinations to young children. These
include micronutrient powders (MNP) that can be added to complementary foods, low-cost fortified
processed complementary foods, micronutrient foodlets or enriched spreads, etc. In the past decade,
there has been increased global uptake of MNPs. MNPs are specially designed to prevent changes in
the appearance, texture, or taste of meal, making it more palatable to children [11]. The powders are
provided in single-serving sachets which may be sprinkled once daily over the food before con-
sumption. MNPs, highlighted in the 2008 Lancet Series on Maternal and Child Under Nutrition [22],
represent an alternative strategy that overcomes many of the barriers of traditional supplementation
and are growing in popularity as an increasing evidence base supports their efficacy and effectiveness
[100]. According to a recent Cochrane review, home fortification with micronutrient powders reduced
anemia in young children by 31% and iron deficiency by 51% [101]. Given the strength of the
evidence base for the efficacy of this product the WHO released strong recommendations in support
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of home fortification of foods with micronutrient powders to improve iron status and reduce anemia
among young children [100].

Nutrition Education and Promotion

Among various micronutrients of interest, more is known about the bioavailability of iron in dietary
sources than perhaps any other micronutrient. Factors that can either enhance or inhibit iron absorption
have been well-studied. To date, there is limited evidence from LMICs that suggest that dietary
selection is an effective approach to improving iron status. This might be attributed to the fact that the
main iron-rich foods are animal sources, which are relatively expensive. There is some encouraging
evidence from HICs that nutrition education can lead to improved feeding patterns and iron status
among infants and younger children, because iron-fortified foods such as infant cereal are commonly
used. In most LMIC settings, however, complementary foods are mainly locally home prepared with
both low iron content and low iron bioavailability, which can also interfere with the absorption of iron
in breast milk. Promotion of exclusive breast feeding may help protect the higher absorption of iron
from breast milk. Promoting the earlier introduction of meat-based complementary foods may be
helpful. In the Middle East and northern Africa, tea is often introduced during infancy. Education
efforts to delay the age at which tea is introduced and avoiding tea near meal times can be considered to
be part of the education-based approach. The promotion of certain traditional food processing tech-
niques such as fermentation and germination which can reduce phytate levels and thereby increase iron
bioavailability has also been shown to be successful in some settings [102]. It is recommended that the
phytate:iron molar ratio is <1.0:1.0 given the strong dose-dependent inhibitory effect on iron
absorption [103, 104]. Since the inhibitory effect of phytic acid occurs even at rate as low as 0.2:1.0,
where possible all phytate should be degraded, which can be associated with a four–fivefold increase in
nonheme iron absorption. Special attention to the high phytate content and poor iron bioavailability of
complementary foods in particular is needed given the high iron demands of young children. Key
strategies to address this issue include pretreatment methods such as fermentation, soaking, germi-
nation, and enzymatic treatment of grains with phytase, combined with introduction of animal sources
foods and biofortification/fortification [103, 105, 106].

Fortification

Food fortification of commonly consumed foods is one of the most cost-effective options to improve
iron status [107]. There is evidence of the efficacy of iron-fortified foods in improving iron status and
reducing anemia [108]; however, there is limited and mixed effectiveness data at a national scale.
Common problems with programs include the use of poorly absorbed forms of iron (atomized and
hydrogen-reduced iron) and inadequate levels of fortification given the average level of consumption
of the fortified food [109]. These factors are related to the required stability and cost of the final
product. Depending on the level of refinement of flour and total flour consumption, the WHO interim
consensus statement on flour fortification recommends specific iron forms and addition rates [110].
One strong example though of the impact of well-implemented food fortification is Costa Rica [111].
By fortifying a variety of foods (wheat flour, maize flour, milk) with iron, iron deficiency and anemia
were substantially reduced in children at a national scale. Another example of the effectiveness of
fortification in the prevention of iron deficiency anemia was seen in a project to fortify milk powder
with iron and vitamin C for low-income families in Chile [112]. Iron fortification of common food
items such as wheat flour will affect the iron intake of all segments of the population except for low
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consumers of wheat, for example, young infants and selected subgroups that rely on other staples like
maize or rice. Women of childbearing age may potentially gain the most from this untargeted
approach. Experience to date indicates that it is highly feasible to fortify wheat and maize flour with
iron and other micronutrients. The additional cost of fortification is approximately 0.5% of the overall
cost of the processed flour. This is a small margin that can reasonably be passed on to the consumer
without undue burden. One concern with flour fortification is that it is only suitable for areas where the
consumption of flour and flour related products is at least 75 g/person/day [110]. There are, however,
several settings where this is feasible and other food items such as curry powder, soy sauces, salt and
fish sauce, and milk powder have also been shown to be useful for iron fortification [113, 114]. More
recently, progress has been made in fortifying rice with iron using an extruded product and small
studies have demonstrated the acceptability and bioefficacy of this product in improving iron status.
A study of non-anemic Filipino women, consumption of iron-biofortified rice improved iron stores by
20% [115]. Efforts have also been made in examining the feasibility of biofortification as a potential
means of improving iron status especially in populations that consume staples such as wheat and maize
which have high levels of phytates that inhibit iron absorption [116]. Traditional plant breeding
techniques along with more modern techniques are being pursued to develop and promote varieties of
staples that have high content of bioavailable iron either by increasing the actual iron content and/or
reduce phytate levels. Implementation research, however, is needed to evaluate these approaches on a
large scale.

Delayed Cord Clamping

Delayed cord clamping represents a promising simple and cost-effective intervention to prevent iron
deficiency among neonates recently highlighted in the Lancet 2013 nutrition series [100]. By delaying
the timing of clamping the umbilical cord by only 2–3 min it increases blood flow to the fetus and thus
iron endowment at birth. In a 2009 Cochrane review, delayed cord clamping improved infant iron status
up to 6 months of age [117]. Infants with early cord clamping compared to delayed cord clamping were
over twice as likely to be iron deficient. Although there are no clear cutoffs or established norms to
define suboptimal neonatal iron stores, cord serum ferritin values at birth have been associated with
cognitive andmotor development. For example, in a study by Tamura et al. [118], infants born with cord
serum ferritin values <76 μg/L scored significantly worse on language ability, fine motor, and
tractability at age 5. Also in a study by Siddappa et al. [119], researchers found that infants born with
cord serum ferritin <34 μg/L had impaired infant auditory recognition memory and lower psychomotor
development scores after one year, thus emphasizing the critical need for early intervention in
improving infant iron status through interventions such as maternal iron supplementation and delayed
cord clamping. Further research is needed to examine the feasibility and safety of scaling up this
intervention in existing health systems and effectively influencing behavior change among health care
personnel [100].

Iron Overload

Concerns have been raised that iron fortification may potentially harm individuals who may be at risk
for iron overload owing to various diseases that cause excess iron accumulation, such as hereditary
hemochromatosis, a genetic condition in which iron absorption is enhanced, or thalassemia.
Hereditary hemochromatosis is an autosomal recessive disorder with a homozygote frequency of
100–500 per 100,000 in North America and Europe [120]. In hereditary hemochromatosis hepcidin
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levels are inappropriately low given the individual’s iron stores due to abnormalities in the genes
encoding HFE, hemojuvelin, and transferrin receptor that lead to the dysregulation of hepcidin
production or to mutations that affect hepcidin directly [8]. It is possible to screen for affected
individuals and treat these individuals with prophylactic phlebotomy in order to prevent clinical
disease [121]. This strategy should be combined with dietary counseling on reducing intake of
iron-rich foods such as red meat. The potential to use therapeutic hepcidin is under investigation
[122]. In developing countries, incidence of hereditary hemochromatosis is lower because it is a
genetic disorder that is generally associated with northern European ancestry. In Asia and Africa, rare
and severe hereditary anemias such as thalassemia major are more common, and these affected
individuals often become iron-overloaded because of repeated transfusion. Individuals with tha-
lassemia have altered iron metabolism, in which iron absorption is not reduced in response to their
higher iron status [123]. For the most part, these individuals have been identified, and specific
measures can be taken to protect these individuals from iron overload. However, further research is
needed to examine the public health significance in regions such as Cambodia where up to 60% of the
people are carriers of a mutation of the β–globin gene [124].

Other concerns have been raised regarding the possible contribution of high iron levels to the
development of chronic diseases. The evidence for this association is contradictory [125, 126] and it
is possible that chronic disease may alter iron metabolism, giving rise to an apparent association that
is not causal in nature. However, there is no advantage to higher iron stores as long as the body’s iron
requirement is met. The association between higher iron status and chronic diseases should be viewed
as hypothetical, requiring more refined confirmatory studies. Because chronic diseases are the leading
cause of mortality in many countries, these studies have generated a great deal of concern and have
affected efforts to improve iron nutrition even in areas with severe iron deficiency.

Conclusions

Considerable progress has been made in our understanding of the causes and consequences of iron
deficiency and anemia but there is a lot of work to be done in moving toward the elimination of these
conditions in many developing countries [127, 128]. Without doubt, the challenge of reducing iron
deficiency and anemia worldwide depends upon the development of sound approaches to intervention
but also needs the commitment of the public, private, and civic sectors to work together. Assessing
iron status for monitoring program impact does not always require the full compendium of iron
laboratory tests. The effective use of hemoglobin in combination with serum ferritin can be imple-
mented easily even in settings with limited resources [110, 112]. The most promising approach is
dietary improvement by iron fortification of common staples, using fortificants of good bioavail-
ability, while for selected groups at higher risk such as infants, young children, and pregnant women,
iron supplementation may still be needed [113–115]. Prevention of iron deficiency anemia among
younger children especially needs to be a high-priority issue, in light of the evidence that links it to
impaired cognition. The limited overlap in dietary intakes of young children compared to adults needs
special attention and although strategies like increasing the consumption of animal products can be
effective, economic and cultural barriers remain. A holistic approach is also required in many
resource-poor settings and programmatic approaches to improve iron intakes should be comple-
mented with public health interventions such as improving sanitation and hygiene, improved access to
health care and disease control for maximizing impact [116, 117].
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Recommendations/Areas of Future Research

Although iron deficiency is one of the best characterized of all nutritional deficiency disorders, there
are several areas that need to be characterized further through scientific investigation at various levels
that range from basic science to implementation research as summarized below:

• Heme iron absorption, transport, and regulation.
• Evaluate the effect(s) of iron supplementation on immune responses to different infectious

diseases.
• The association between chronic diseases and iron status needs further elucidation.
• Development of possible therapeutic applications of hepcidin for combating anemia and iron

overload.
• Reexamination of biomarkers and cutoff values to define anemia and iron deficiency among young

children.
• Identification of appropriate cutoff values of hemoglobin or hepcidin that would be most efficient

for screening young children who will benefit the most from iron-containing supplements or home
fortificants.

• Development of strategies to improve the iron status of premature and LBW infants.
• Development and evaluation of tailored nutrition promotion and education-based interventions

combined with approaches that increase availability and affordability of iron-rich foods that will
improve iron status in various settings in LMICs.

• Identification of appropriate strategies to improve the delivery and effectiveness of programs for
the prevention and control of iron deficiency (supply chain management for iron
supplements/implementation science).

Discussion Points

• List two and describe in detail one compensatory mechanism for maintaining iron homeostasis
under conditions of low iron intake.

• Describe why hemoglobin is described as having low sensitivity and specificity as an iron status
indicator.

• A new study is released documenting low serum ferritin levels among newborns born in a rural
hospital in India. What may be the implications of low serum ferritin levels in infants? What
interventions would you recommend to address this issue? Explain your rationale.

• You are a nutritionist working in a Department of Public Health that is applying for maternal and
child health program funds. Provide a convincing brief summary and argument for why iron
intervention/programs should be a part of this package.
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Chapter 11
Zinc Deficiency

Sonja Y. Hess

Keywords Zinc � Zinc status � Assessment � Zinc deficiency � Supplementation � Fortification �
Dietary diversification and modification � Biofortification � Diarrhea � Growth
Learning Objectives

• Identify the causes of zinc deficiency.
• Describe the health consequences of zinc deficiency.
• Understand the assessment of zinc deficiency.
• Analyze intervention strategies to prevent zinc deficiency.

Introduction

Adequate zinc nutrition is essential for human health because zinc is involved in numerous metabolic
processes as a catalyst, regulatory ion, or structural element of proteins. Over 300 zinc metalloen-
zymes require zinc as a catalyst, and about 2500 transcription factors require zinc for their structural
integrity [1, 2]. Zinc is involved in the regulation of gene expression and as a regulator of cell
signaling pathways [1]. Because zinc participates in so many metabolic pathways, zinc deficiency
affects multiple physiological systems, children’s physical growth, the risk and severity of a variety of
infections and pregnancy outcomes. Based on available evidence, the number of child deaths attri-
butable to zinc deficiency in 2011 was estimated at 116,000 [3]. In recent years, the recognition of the
importance of zinc deficiency worldwide has expanded dramatically [4], and more experience has
accumulated on the design and implementation of zinc intervention programs, as described below.

Estimates of Zinc Requirements

The estimated average requirement (EAR), for any micronutrient, is the level at which half of the
healthy individuals within a specific population group meet the physiological requirements for that
micronutrient. The World Health Organization (WHO) [5], the US Institute of Medicine (IOM) [6],
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the International Zinc Nutrition Consultative Group (IZiNCG) [7], the European Food Safety
Authority (EFSA) [8], and other international expert groups have published estimates of human zinc
requirements (Table 11.1). But these estimates lack consistency because they are based on different
conceptual frameworks and/or statistical techniques, and they rely on diverse sources of empirical
information. It has been recognized that aligning recommended nutrient intakes is important so that
they can be used across countries for establishing public and clinical health objectives and food and
nutrition policies, such as fortification programs, and for addressing regulatory and trade issues [9].

Causes of Zinc Deficiency

The risk factors for zinc deficiency are similar to those for other minerals and trace elements. In
particular, four main factors are responsible for the development of zinc deficiency: (1) inadequate
dietary zinc intake, (2) poor zinc absorption from high-phytate, plant-based diets, (3) physiological
states that increase zinc requirements, and (4) disease states that either induce excessive losses or
impair absorption and utilization of zinc.

Table 11.1 Estimated average requirement (EAR)a from the US Institute of Medicine (IOM) [6], the International Zinc
Nutrition Consultative Group (IZiNCG) [7], and the European Food Safety Authority (EFSA) [8] for dietary zinc intake
according to life stage and diet type

Life stage Sex IOM [6]
(mg/day)

IZiNCG [7] (mg/day) EFSA [8]b

Mixed or refined
vegetarian diets

Unrefined,
cereal-based
diets

300 mg phytate
intake per day

1200 mg phytate
intake per day

6–11 month All 2.5 3 4 2.4

1–3 year All 2.5 2 2 3.6

4–8 year All 4 3 4 4.6–6.2c

9–13 year All 7 5 7 6.2–8.9c

14–18 year M 8.5 8 11 11.8

14–18 year F 7.3 7 9 9.9

Pregnancy 14–
18 year

F 10.0 9 12 +1.3d

Lactation 14–
18 year

F 10.9 8 9 +2.4d

Adult > 19 year M 9.4 10 15 7.5 12.7

Adult > 19 year F 6.8 6 7 6.2 10.2

Pregnancy > 19 year F 9.5 8 10 +1.34 +1.3d

Lactation > 19 year F 10.4 7 8 +2.44 +2.4d

aThe estimated average requirements represent the mean dietary requirement at which 50% of individuals would meet
their physiological requirement
bEFSA estimated the Average Requirements for adults according to the phytate intake of 300, 600, 900 1200 mg/day
(only 300 and 1200 shown here), and body weight. Median body weight for women and men were estimated based on
body heights measured in 13 European Union Member States and assuming a body mass index of 22 kg/m2

cEFSA estimated the Average Requirements for zinc to be 4.6 mg/day for 4–6 year olds, 6.2 mg/day for 7–10 year, and
8.9 mg/day for 11–14 year old boys and girls combined
dEFSA estimated the additional Average Requirements for zinc needed during pregnancy and lactation based on the
estimated additional physiological requirements for each life stage

266 S.Y. Hess



Inadequate Dietary Zinc Intake

Inadequate dietary intake of absorbable zinc is likely to be the primary cause of zinc deficiency in most
situations [7]. Animal source foods, in particular, shellfish, small whole fish, beef, and organ meats,
such as liver and kidney, are rich sources of zinc, and zinc is highly bioavailable from these foods.
Plant source foods, such as most fruits and vegetables including green leaves, and starchy roots and
tubers, have relatively low zinc content. While whole grains, nuts and legumes have moderate to
high-zinc content, these foods also contain large quantities of phytate (phytic acid or myo-inositol
hexaphosphate), the most potent identified dietary inhibitor of zinc absorption [10]. Phytate chelates
metal ions, especially, zinc, iron, and calcium, forming insoluble complexes in the gastrointestinal tract
that cannot be digested or absorbed in humans because of the absence of intestinal phytase enzymes
[11]. The inhibitory effect of phytate on zinc absorption appears to follow a dose-dependent response,
and the phytate: zinc molar ratio can be used to estimate the proportion of absorbable zinc [12].

The phytate: zinc molar ratio of foods or diets is calculated as follows:

mg phytate/660
mg zinc/65:4

where 660 equals the molecular weight of phytate and 65.4 the molecular weight of zinc.
Unrefined cereal and/or legume-based diets generally have phytate: zinc ratios >18, which is

associated with relatively low zinc bioavailability and results in zinc absorption of 18% for men and
25% for women [13]. In contrast, mixed diets containing higher amounts of animal source foods and
less plant source foods, or refined plant-based diets generally have phytate: zinc ratios between 4 and
18, which are associated with higher zinc bioavailability. Zinc absorption of mixed diets is about 26%
for men and 34% for women [13].

Conditions Increasing Physiological Requirements

During growth and pregnancy, the incorporation of zinc into newly synthesized tissue increases zinc
requirements [6, 7]. Similarly, the amount of zinc transferred from mother to infant in breast milk
must be added to the lactating women’s physiological requirement for absorbed zinc [8, 14]
(Table 11.1). These increased needs for zinc add to the challenge of consuming adequate amounts of
bioavailable zinc from the food supply. Consequently, infants (particularly those born prematurely),
young children, children recovering from malnutrition or diarrhea, adolescents and pregnant, and
lactating women are at elevated risk of zinc deficiency.

Another population group at potential risk of zinc deficiency is the elderly because of multiple
physiological, social, psychological, and economic risk factors [15]. Available information from
Europe is inconsistent and little is known about the zinc status of elderly populations in other parts of
the world, particularly low-income countries. A high prevalence of zinc deficiency was found in the
ZINCAGE Project of five European countries (Italy, Greece, Germany, France and Poland) where
31% of 851 healthy elderly people 60–84 years of age had low plasma zinc concentration [16]. In
contrast, the ZENITH study of adults 55–70 years of age living in three European countries (France,
Italy, and United Kingdom) found a low prevalence (<5%) of zinc deficiency [17]. Since these studies
did not use a representative population sampling scheme, the estimated prevalences are not reflective
of the elderly population in these countries, but they highlight that zinc deficiency may be an issue in
some of the elderly. Representative surveys of elderly populations are needed to assess the prevalence
of zinc deficiency and associated risks both in lower and higher income countries.
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Other Causes of Zinc Deficiency

Zinc is absorbed from the small intestine, primarily from the duodenum and jejunum. Under normal
physiological conditions, zinc is secreted into the small intestine in large quantities together with
digestive juices, but is largely reabsorbed. Given the important role of the small intestine in regulating
dietary zinc absorption, and the secretion and reabsorption of endogenous zinc during digestion,
conditions that affect its health or integrity could interfere with the adequate maintenance of zinc
balance. Diarrhea not only leads to an increased loss of endogenous zinc [18], but may also lead to
reduced absorption of dietary zinc during the episode due to decreased intestinal transit time.
Environmental enteropathy, a subclinical, chronic disorder of the small intestine, is hypothesized to
be a key cause of childhood undernutrition including zinc deficiency [19, 20]. Environmental
enteropathy is characterized by changes in the small bowel morphology, including villous atrophy,
hyperplasia of crypt cells, infiltration of inflammatory cells, and increased permeability [21].
Although its etiology is unknown, it is very common in young children living in conditions of poor
sanitation and hygiene [19]. Lindenmayer et al. [20] recently reviewed the evidence for interactions
between zinc deficiency and environmental enteropathy. The authors concluded that environmental
enteropathy may impair zinc homeostasis, and zinc deficiency may contribute to environmental
enteropathy by impairing intestinal barrier function, increasing the risk of gastrointestinal infections,
and inducing intestinal inflammation [20]. The extent to which diarrhea, environmental enteropathy,
and similar conditions contributes to the risk of zinc deficiency in lower income countries requires
further investigation.

Assessment of Zinc Deficiency

Plasma and Serum Zinc Concentration

Zinc homeostasis in the cell, tissue, and whole blood is tightly controlled to sustain metabolic
functions over a wide range of zinc intakes. This strong homeostatic control makes assessing zinc
status very challenging. Nevertheless, several expert committees have endorsed plasma or serum zinc
concentration as a useful biomarker of zinc status, especially for assessing the risk of zinc deficiency
in populations [22, 23]. This recommendation was based on the fact that plasma zinc concentrations
consistently respond to zinc supplementation and that the results of dietary depletion/repletion studies
indicate that plasma zinc concentrations respond to severe dietary zinc restriction, although there is
considerable variation between individuals [24]. It has to be noted that plasma zinc concentration is
not a reliable indicator of an individual’s zinc status [24], except when very low in that case there is a
strong association between low plasma zinc concentration (<50 µg/dL) and clinical signs of defi-
ciency [25]. Plasma zinc concentration is influenced by the time of day and time since last meal [26,
27]. Specific cut-offs have been proposed for women and men separately based on a large sample of
the US population, assessed during the second National Health and Nutrition Examination Survey
(NHANES II) [28]. These cut-offs have been adopted by IZiNCG and are widely used (Table 11.2)
[7, 22]. Because clinical signs of zinc deficiency only occur in severely zinc deficient individuals and
little was known about the level of plasma zinc concentration at which clinical signs of zinc defi-
ciency occur, Wessells et al. [25] recently completed an analyses of studies of severe zinc-restricted
diets and patients with acrodermatitis enteropathica and proposed a new cut-off of 50 µg/dL to define
severe zinc deficiency (Table 11.2).

Several important technical issues have to be considered when collecting blood, analyzing plasma,
and interpreting results for plasma zinc concentration. Because only small amounts of the total body
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zinc are circulating in blood, any contamination from external sources has to be prevented as they can
falsely increase the zinc concentration measured. Ideally, blood samples are collected from fasting
participants because the zinc concentration is influenced by the time of day and last meal consumed,
as described above. Another challenge, when assessing plasma zinc concentration, is that the con-
centration is reduced during inflammation and infection. Thus in areas where infections are common,
it is recommended to assess acute-phase proteins such as C-reactive protein (CRP) and a1-acid
glycoprotein (AGP) and to adjust plasma zinc concentration categorically based on elevated
acute-phase proteins (defined as CRP > 5 mg/L, AGP > 1 g/L, or both) [29]. Further details of
appropriate blood collection techniques, suitable supplies, and analyses are provided by IZiNCG [30,
31]. Zinc deficiency is considered a public health concern when the prevalence is >20%, and
interventions to improve zinc status should be considered [22].

Dietary Zinc Intake

Inadequate dietary intake of absorbable zinc is one of the major causes of zinc deficiency. Therefore,
assessment of the adequacy of zinc intakes through the use of 24-h recalls or weighed dietary records
is an important component in evaluating the risk of zinc deficiency in a population [32]. To assess the
risk of zinc deficiency in a population, WHO, the United Nations Children’s Fund (UNICEF), the
International Atomic Energy Agency (IAEA), and IZiNCG recommend assessing dietary zinc intake
to determine the prevalence of zinc intakes below the EAR [22]. Recommendations for dietary
surveys of zinc intake were described by IZiNCG [13]. As described above, the bioavailability of zinc
depends on the presence of phytate in the food, which has to be considered in any dietary zinc
assessment. Where possible, local food composition data for zinc and phytate should be used, as their
content can vary with both local soil conditions and food preparation and processing methods [33].
When zinc and phytate composition of foods cannot be derived from composition tables, direct
chemical analyses of food samples should be considered using the strategy of choosing food samples
suggested by Gibson and Ferguson [34]. A population is considered at risk of zinc deficiency, where
the prevalence of inadequate intakes of zinc is >25% [22].

Stunting

Somatic growth and susceptibility to infection are considered zinc-related functional outcomes
because meta-analyses have found a consistent beneficial impact of zinc supplementation as described

Table 11.2 Cutoffs recommended by IZiNCG for serum and plasma zinc concentration (µg/dL) by age group, sex,
time of day, and time since last meal [7, 25]

Lower cut-offs for serum zinc concentration (µg/dL)a

<10 years � 10 years

Males and females Nonpregnant females Males

Morning, fastingb n/a 70 74

Morning, nonfasting 65 66 70

Afternoon, nonfasting 57 59 61

Severe zinc deficiency n/a 50 50

n/a not available
aFor conversion to µmol/L, divide by 6.54
bFasting is defined as no food or beverage consumption for at least 8 h
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in more detail below. Of these indicators, growth is the only one recommended to assess the risk of
zinc deficiency in a population. For population assessment, the recommended indicator to use is the
prevalence of stunting, i.e., the percentage of children under 5 years of age with length-for-age
z-score (0–24 months of age) or height-for-age z-score (2–5 years) less than −2.0 SD below the
age-specific median of the reference population [35]. The Growth Standards proposed by WHO in
2006 are a useful tool for international assessments, as they reflect early child growth under optimal
environmental conditions [36]. A prevalence of stunting >20% of the population indicates a public
health concern [22]. Because zinc deficiency is not the only factor affecting children’s growth,
assessment of dietary zinc intake and plasma zinc concentration is recommended to decide whether
zinc intervention strategies should be considered when the prevalence of stunting is elevated.

Other Indicators

Several potential other indicators of zinc status have been identified including hair, nail and urinary
zinc levels, concentrations of zinc-dependent proteins, zinc kinetic markers, and other markers.
Urinary zinc excretion and hair zinc concentration responded to zinc status overall [23]. However,
more research is needed before these indicators can be used to assess the zinc status of individuals or
populations because of the lack of reference values. Efforts are also continuing to identify new
biomarkers of zinc status.

Prevalence of Zinc Deficiency

In the past two decades, several low- and middle-income countries included the assessment of plasma
or serum zinc concentration in their national nutrition surveys, and the number of planned surveys
assessing zinc status is increasing. Surveys in four African countries found a prevalence of low
plasma zinc concentration ranging from 45 to 83% in children and 52–82% in women of reproductive
age [37–40] and similar rates were found in Bangladesh, Vietnam, and Colombia [41–43]
(Table 11.3). Although to a lesser extent, zinc deficiency was also highly prevalent in Pakistan, the
Republic of Maldives, the Philippines, and Mexico [44–47]. Except in young children in the Republic
of Maldives, where 16% were found to be zinc deficient [46], in all of the above mentioned surveys,
the prevalence of low serum or plasma zinc concentrations was greater than 20% indicating that the
risk of zinc deficiency is of public health concern. In all surveys, regional differences were identified
and the authors concluded that large-scale programs to improve zinc intake are needed.

There is less information available from national nutrition surveys in high-income countries. In the
United Kingdom, a national nutrition survey of children and adolescents (4–18 years) implemented in
1997 found that only 2% had low plasma zinc concentration [48]. A subsequent national survey of
adolescents and adults completed in the United Kingdom from 2008 to 2011 did not present results of
low plasma zinc concentration, but mean plasma zinc concentrations were high (102.8 µg/dL for 11–
18 years olds and 100.9 µg/dL for 19–64 years old, respectively) [49]. The United States has not
included the assessment of zinc status since the second National Health and Nutrition Examination
Survey (NHANES II; 1976–1980), which was the basis for the IZiNCG cut-offs (see above section on
plasma and serum zinc concentration) [7, 28].

Although more national surveys have included the assessment of plasma zinc concentration in
recent years, there is still insufficient data on the global prevalence of zinc deficiency. In an effort to
estimate the risk of zinc deficiency globally, Wessells and Brown [50] estimated the prevalence of
inadequate zinc intake based on the estimated absorbable zinc content of the national food supplies as
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derived from national food balance sheet data obtained from the Food and Agriculture Organization
of the United Nations. These analyses suggest that at least 17% of the world’s population is at risk of
inadequate zinc intake (Fig. 11.1). The estimated prevalence of inadequate dietary zinc intake was
particularly high in Sub-Saharan Africa (26%) and South Asia (30%) [50, 51]. To confirm these
estimated prevalences of zinc deficiency, it is recommended to assess plasma zinc concentration
and/or to assess dietary zinc intake using 24 h dietary recalls in a representative population sample of
countries identified with a high prevalence of inadequate dietary zinc intake derived from food
balance sheets.

Importance of Zinc for Human Health

Evidence of human zinc deficiency began to emerge from studies in male adolescents in Egypt and
Iran during the 1960s. In these individuals, zinc deficiency resulted in delayed sexual maturation,
short stature, anemia, enlarged liver and spleen, and abnormalities in skeletal maturation [52, 53].
Zinc supplementation significantly increased height, weight, bone development, and sexual matu-
ration [54].

Studies of patients suffering from acrodermatitis enteropathica provide insight into the functional
consequences of zinc deficiency. Acrodermatitis enteropathica is an autosomal recessive disorder
caused by a gene mutation which results in defective absorption of dietary zinc causing severe zinc
deficiency. Severe zinc deficiency as occurs in acrodermatitis enteropathica is characterized by skin
lesions, reduction in growth, alopecia (hair loss), diarrhea, emotional disorders, weight loss, inter-
current infections due to cell-mediated immune dysfunction, hypogonadism in males, and neu-
rosensory disorders [55, 56]. In patients suffering from acrodermatitis enteropathica, only high-dose
zinc supplementation can overcome the reduced zinc absorption resulting in rapid resolution of
clinical symptoms.

Fig. 11.1 Estimated country-specific prevalence of inadequate zinc intake based on FAO’s food balance sheets [50].
Copyright: © 2012 Wessells, Brown; Open Access
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Evidence of the effects of mild to moderate zinc deficiency has been derived from animal studies,
observational studies of the association between zinc status and functional outcomes, and clinical or
community-based intervention trials assessing the impact of zinc supplementation on functional
outcomes [7].

Child Growth

Impaired growth is considered a functional outcome of zinc deficiency. Studies from different regions
of the world consistently show an increase in growth and weight gain with preventive zinc supple-
mentation, as reviewed in more detail below. The importance of zinc for normal growth is not
surprising, considering zinc‘s involvement in DNA replication, RNA transcription, endocrine func-
tion and metabolic pathways [7]. However, exact factors responsible for the effects of zinc deficiency
on growth remain to be defined [1].

Immune Function and Morbidity

Zinc is important for proper immune function, as deficiency can affect both innate and adaptive
immunity. Zinc deficiency impairs macrophage functions (phagocytosis, intracellular killing), neu-
trophil functions (generation of oxidative burst, chemotaxis), NK cell activity, and complement
activity [57, 58]. Zinc deficiency also adversely affects the growth and function of T- and B-cells [55].
Moreover, it has become evident that zinc acquisition is a key element of the host–pathogen inter-
action, similar to iron and other metals such as manganese and copper [59]. During an infection, the
host and the pathogen compete over these metals, and the host’s metabolism is adjusted in an effort to
limit the pathogens’ access to these metals [60]. Specifically for zinc, a typical early response to
bacterial infection is the rapid fall of plasma zinc concentration accompanied by accumulation of zinc
in the liver [59]. Although the mechanism and function of zinc sequestration by the host remain
unclear, limiting microbial access to zinc has the potential to disrupt a number of processes that are
critical to progression of the infection [60].

There is consistent evidence that preventive zinc supplementation reduces the incidence of diar-
rhea and that therapeutic zinc supplementation reduces the duration of the current diarrhea episode, as
described below. Several mechanisms have been suggested through which zinc reduces diarrhea at
the level of the intestine. These include modulation of ion transport, stimulation of enterocyte growth
and differentiation, maintenance of normal intestinal permeability, and regulation of oxidative stress
and inflammation [61].

Pregnancy Outcome

Findings from studies in animals and in pregnant women suffering from acrodermatitis enteropathica
suggest that severe zinc deficiency during pregnancy has devastating effects on pregnancy outcome,
such as fetal malformations, embryonic or fetal death, fetal growth restriction and life-threatening
complications during pregnancy and birth [62]. However, mild and moderate zinc deficiency is more
common, and observational studies have failed to show a consistent association between maternal
zinc deficiency and maternal and fetal outcomes [63, 64]. Similarly, there is inconclusive evidence
from observational studies investigating associations between maternal zinc status and infant birth
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weight. Donangelo and King [64] hypothesize that in cases of mild zinc deficiency homeostatic
adjustments during pregnancy and lactation improve zinc utilization sufficiently to meet the elevated
zinc requirement and consequently prevent immediate adverse effects due to a low zinc intake. In
contrast, zinc supplementation trials consistently found an overall significant reduction in prematurity
in the zinc supplemented group compared to the placebo group, as described below.

Neurobehavioral Development

Animal studies suggest that zinc deficiency early in life has long-lasting effects on the animals’
response to stress, which results in poor learning performance [65]. Moreover, maternal and infant
zinc deficiency in animals was linked with deficits in activity, attention, and memory [66]. In a recent
review, Prado and Dewey [67] concluded that preventive zinc supplementation during infancy may
positively affect motor development and activity levels, but that it does not seem to affect measures of
early cognitive ability.

Zinc Intervention Strategies

Preventive Zinc Supplementation in Children

An updated analysis published in the 2013 Lancet series on maternal and child nutrition concluded
that preventive zinc supplementation is among the interventions with the largest potential impact on
mortality in children under 5 years of age [68]. The other interventions recommended by the Lancet
series for reducing child mortality are management of severe-acute malnutrition, optimal breast-
feeding practices and vitamin A supplementation. A considerable number of clinical trials investi-
gated the impact of preventive zinc supplementation given in tablet or syrup form with or without
other micronutrients on growth, morbidity, and other outcomes during childhood. Most of these trials
were implemented in low-income countries. Many investigated the impact of daily supplements, but
some provided the zinc supplements several times per week or once weekly. The zinc doses ranged
from 1 to 70 mg, resulting in a daily dose equivalent ranging from 0.9 to 21.4 mg/day [69]. The zinc
compound in the supplements also varied, with zinc sulfate being most frequently used. Although the
trials differed by many of the above described factors, the common objective was the prevention of
zinc deficiency and other zinc-related functional outcomes.

Meta-analyses investigating the impact of these trials consistently found that preventive zinc
supplementation has a small, but highly significant impact on linear growth and weight gain [69–72].
Although the impact on growth of studies providing different doses was significantly different, there
was no clear pattern of increasing or decreasing effect with higher doses [72]. Imdad and Bhutta [71]
did a subgroup analysis of studies in children <5 years of age that reported actual increase in length
(cm) and showed that a dose of 10 mg zinc/d for a duration of 24 weeks led to a net gain of 0.37
(±0.25) cm in the zinc supplemented group compared to placebo. An earlier meta-analyses found that
the beneficial impact of zinc on the change in height was negatively associated with concurrent
supplementation of either iron or vitamin A and the change in weight with concurrent supplemen-
tation of iron [69]. This was confirmed in the most recent meta-analysis by Mayo-Wilson et al. [72],
where concurrent supplementation with iron did not show an impact on growth. Only groups that
received zinc supplements without iron showed a beneficial impact on growth.

Four meta-analyses investigated the impact of preventive zinc supplementation during childhood
on diarrhea incidence and found a reduction of 12–20% in the zinc group compared to the placebo
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group [69, 72–74]. The beneficial impact on diarrhea incidence seems to be greater in studies that
enrolled children with mean initial age >12 months compared to 6–12 months (reduction of 15%
compared to 8%, respectively) [69, 72].

Three of four meta-analyses also concluded that preventive zinc supplementation reduced the
incidence of acute lower respiratory infection, and that this reduction was greater in studies where the
symptoms were clinically diagnosed rather than just based on caregiver’s reports [69, 74, 75]. The
challenges of diagnosing acute lower respiratory tract infection accurately may be the reason for the
conclusion of the most recent meta-analyses by Mayo-Wilson et al. [72], which found no significant
impact of preventive zinc supplementation on the incidence of lower respiratory tract infection. At
present, the impact of preventive zinc supplementation on malaria is inconclusive [69, 72]. There is
mixed evidence on the impact of preventive zinc supplementation on the incidence of otitis media in
healthy children under the age of 5 years living in low- and middle-income countries [76]. The impact
of preventive zinc supplementation is borderline significant for all-cause mortality. Depending on the
meta-analyses, the mortality reduction ranged from 5% (relative risk (RR) = 0.95; 95% confidence
interval (95% CI): 0.86, 1.05 [72]) to 9% (RR = 0.91; 95% CI: 0.82, 1.01 [74]). An analysis by
Brown et al. [69] showed a significant 18% reduction in all-cause mortality (RR = 0.82; 95% CI:
0.70, 0.96) in children aged >12 months. Borderline significant effects were identified for
diarrhea-specific (RR = 0.82; 95% CI: 0.64, 1.05) and pneumonia-specific mortality (RR = 0.85;
95% CI: 0.65, 1.01) [74].

In summary, the available evidence suggests a beneficial impact of preventive zinc supplemen-
tation on selected childhood infections, a significant impact on childhood mortality in chil-
dren >12 months of age, and a significant increase in children’s physical growth. Thus, in
populations at high risk of zinc deficiency and a high burden of childhood morbidity and stunting,
there is a need for intervention programs to enhance zinc intake through preventive zinc supple-
mentation. There are a number of programmatic delivery platforms available, including bi-annual
Child Health Days which often also provide high-dose vitamin A supplements, anthelminthic med-
ication and nutrition counseling, growth monitoring and promotion programs, community-based or
community-directed distribution programs, and social marketing through private-sector distribution
channels [77]. The most appropriate delivery platform or combination thereof needs to be determined
at the country or regional level.

Preventive Zinc Supplementation in Pregnant Women

Two recent meta-analyses compared the effects of prenatal zinc supplementation on maternal, fetal,
neonatal, and infant outcomes in healthy pregnant women [78, 79]. Both meta-analyses included 20
independent intervention trials, but due to some differences in the inclusion criteria only 17 of these
were included in both analyses. In all cases, zinc was the only factor that differed between the
comparison groups, and zinc doses varied from 5 to 50 mg/day. The initiation of the supplementation
ranged from preconception to 26 weeks of gestation. Both meta-analyses found a significant reduction
of 14% in preterm births in the zinc supplemented group compared to the placebo group (RR 0.86,
95% CI: 0.75, 0.99 [78, 79]). Chaffee and King [78] hypothesized that prenatal zinc supplementation
may reduce the incidence or the severity of maternal infections that may lower the risk of preterm birth.
There was no evidence that supplemental zinc affected any parameter of fetal growth (risk of low birth
weight, birth weight, length at birth or head circumference at birth) or other maternal outcomes.

Interestingly, three randomized controlled trials found decreased incidence of diarrhea during
infancy in children whose mother received zinc supplementation during pregnancy (note that this
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outcome was not included in any of the other prenatal zinc supplementation studies) compared to
children of mothers in the placebo group [80–82]. While one study in Peruvian infants found greater
weight, calf, and chest circumference beginning at 4 months and continuing through 12 months of
age in the prenatal zinc supplemented group compared to the placebo group [82], the other two trials
in Bangladesh and Indonesia did not find an impact on postnatal growth by 6 months of age [80, 81].
It may be that maternal prenatal supplementary zinc is prioritized toward the development of
immunity rather than growth in the fetus. The impact of maternal zinc intake on infant and child
postnatal health needs further investigation. Also, available evidence to date suggests that preventive
zinc supplementation during pregnancy does not improve childhood cognitive or motor development
[67].

In summary, the evidence of the impact of preventive zinc supplementation during pregnancy is
less consistent than for preventive zinc supplementation of children. However, the benefit of prenatal
zinc supplementation on reducing the risk of premature birth is important to consider, since pre-
maturity is associated with an increased risk of neonatal and infant mortality and stunting [83, 84].
Thus, in areas at risk of zinc deficiency, maternal zinc supplementation should be considered.

Therapeutic Zinc Supplementation

WHO and UNICEF recommend that zinc supplementation should be included as a component in the
treatment of all cases of diarrhea [85], by providing children 20 mg supplemental zinc per day for 10–
14 days (10 mg per day for infants under 6 months old) along with oral rehydration salt solution and
continued feeding. The aim is that the recommendations become routine practice both in the home
and health-care facility and that caretakers will act quickly at the first sign of diarrhea. To distinguish
between the preventive use of zinc supplementation and use of supplementary zinc in the treatment of
diarrhea, the latter is commonly referred to as therapeutic zinc supplementation.

A recent meta-analysis of the impact of therapeutic zinc supplementation [86], which included 24
trials, confirmed previous meta-analyses of therapeutic zinc supplementation [87–93]. Therapeutic
zinc supplementation shortens the duration of diarrhea by around 10 h (mean difference
(MD) = −10.44 h; 95% CI: −21.13, 0.25) and probably reduces the number of children whose
diarrhea persists until day 7 (RR = 0.73; 95% CI: 0.61, 0.88) [86]. However, the authors judged the
evidence quality as low to moderate. The beneficial impact on both diarrhea outcomes mentioned
above was limited to children older than 6 months of age. The authors also concluded that therapeutic
zinc supplementation probably reduces the duration of persistent diarrhea (diarrhea lasting >14 days)
by about 16 h (MD = −15.84 h; 95% CI: −25.43, −6.24), but that there was insufficient evidence
from well-conducted trials on the impact of zinc supplementation during acute diarrhea on the risk of
death or hospitalization [86].

Since the joint statement by WHO and UNICEF in 2004 [85], efforts are underway to reinforce
national diarrhea programs and roll out therapeutic zinc supplementation provided in the form of
dispersible tablets in many countries [94]. However, initial experiences encountered a number of
challenges. In particular, it became evident that the scale up required a strong communication
component to ensure that doctors, health-care workers, and pharmacists are informed about the
benefits of zinc in the treatment of diarrhea [95]. Another important programmatic challenge is the
low rate of care seeking for childhood diarrhea [96], as caregivers frequently fail to recognize
children’s diarrhea when illness signs are less severe [97]. Thus, continued efforts are needed to
strengthen diarrhea control programs and ensure the inclusion of therapeutic zinc supplementation in
the treatment of diarrhea [98].
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Food Fortification with Zinc

Fortification is the practice of intentionally increasing the content of an essential micronutrient in a
food, with the aim of improving the nutritional quality of the food and providing a public health
benefit with minimal risk [99]. Food fortification is increasingly recognized as an effective approach
to improve a population’s micronutrient status, including zinc. There are different types of food
fortification: foods fortified that are widely consumed by the general population (mass fortification);
foods fortified for specific population subgroups, such as complementary foods for young children,
therapeutic foods used in the treatment of malnutrition such as ready-to-use therapeutic foods (RUTF)
and ready-to-use supplementary foods (RUSF), or rations for displaced populations (targeted forti-
fication); and food fortified voluntarily by the manufacturers and available in the market place
(market-driven fortification) [99].

The nutritional effect of zinc fortification can be assessed in several ways, namely, by measuring its
impact on dietary zinc intake, total absorbed zinc, and biochemical and functional indicators of zinc
status, among either individuals or populations who are exposed to zinc fortified foods [100].
Available absorption studies clearly show that zinc fortification can increase dietary zinc intake and
total daily zinc absorption [101]. Most studies also indicate that adding zinc to food does not adversely
affect the sensory properties of the food or the absorption of other micronutrients, such as iron. The
results of available trials of milk products fortified with or without zinc suggest that zinc-fortified milk
products appear to boost the zinc status of infants and young children and increase the growth of
premature infants and malnourished children [101, 102]. In contrast, the impact of zinc-fortified cereal
products on plasma zinc concentration is inconsistent. Several studies compared the provision of zinc
in form of a supplement or added to food and found that a zinc dose given as a supplement increased
plasma zinc concentration, whereas the same dose added to food did not [103–105]. This may be due to
the reduced absorption when zinc is mixed with food or because zinc provided in food is metabolized
differently from zinc supplements post-absorption. High-zinc intakes of 100–300 mg zinc/d over a
long duration has been found to induce copper deficiency [106]. However, a meta-analysis investi-
gating the effect of zinc fortification on hemoglobin and copper status found no negative effects [102].
There is insufficient information to determine whether zinc fortification of cereal products could
enhance growth or reduce morbidity among individuals at risk for zinc deficiency because of the small
number of available studies [101]. With regard to large-scale zinc fortification programs, a few
rigorous evaluations of ongoing programs have been reported to date.

Although the impact of food fortification with zinc as a public health intervention remains
unknown, WHO issued an interim consensus statement on the fortification of wheat and maize flour
for national fortification programs with the rational that wheat and maize flour fortification is a
preventive food-based approach to improve micronutrient status of populations over time that can be
integrated with other interventions in the efforts to reduce vitamin and mineral deficiencies when
identified as public health problems [107]. The recommended levels of zinc to consider adding to
fortified wheat flour is based on extraction, fortificant compound, and estimated per capita flour
consumption (for further details see [100]). In response to the above-mentioned WHO recommen-
dations for wheat flour fortification, the eight-nation West African Economic and Monetary Union
(UEMOA) drafted new guidelines and standards that mandate fortification of flour with iron and folic
acid and allow voluntary fortification with zinc, vitamin B12, and other B vitamins [108]. Thus, the
number of countries worldwide with either mandatory or voluntary zinc fortification of wheat flour is
increasing [100].

In a recent review, de Pee [109] also proposed nutrients and nutrient levels for rice fortification,
which can be achieved by mixing fortified with unfortified rice kernels. In regions where rice
consumption is 150–300 g per capita per day, the addition of 6 mg zinc per 100 g rice is recom-
mended in addition to iron, vitamin A, folic acid, niacin, and B vitamins [109].
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Food fortification can also be targeted to a specific population group with high nutrient require-
ments. Various strategies for home fortification, or point-of-use fortification (POUF), have been
developed to ensure adequate micronutrient intakes by infants and young children. These types of
products include micronutrient powders, crushable tablets, and small-quantity lipid-based nutrient
supplements, which are added to the complementary food at the time of consumption. To date, there
is only inconsistent evidence that zinc fortified complementary foods or home fortification products
can improve zinc status, as measured by biochemical or functional indicators [101, 110, 111]. This is
the case even when zinc is added in amounts that are identical to the levels of zinc provided in
supplements, as reviewed above. Whether this is due to the low bioavailability of zinc from
cereal-based complementary foods (due to the high-phytate concentration) or to other reasons needs
further investigation.

In summary, zinc fortification programs either at the national level or targeted toward vulnerable
populations groups increases zinc intake as shown in absorption studies. Considering the absence of
any adverse effects, and the relatively low cost of adding zinc to food, public health managers should
consider including zinc in their planned mass and targeted food fortification programs [77, 101].

Dietary Diversification and Modification

Ensuring access to foods with adequate zinc content and good bioavailability is the most desirable
approach to eliminate zinc deficiency. This strategy is typically referred to as dietary diversification
and modification, which has the potential to prevent deficiencies of zinc and other micronutrients
simultaneously. There are several main dietary strategies that can be used at the household level to
enhance both the content and the bioavailability of zinc and other micronutrients. The best strategy
for enhancing the zinc content of diets is to promote the consumption of meat, poultry and fish, all
good sources of highly bioavailable zinc [112]. Potential approaches include increasing production
and consumption of small livestock such as poultry, guinea fowl, rabbits, guinea pigs, and small
ruminants. An advantage of this approach is that increased consumption of livestock will also
simultaneously enhance intakes of heme iron, riboflavin, vitamin B6, vitamin B12, and, when liver is
consumed, preformed vitamin A [113, 114]. The introduction of aquaculture can be another useful
strategy to enhance the consumption of bioavailable zinc [115]. However, any effort of production or
promotion of animal source foods through animal husbandry or aquaculture should be combined with
behavior change communication to encourage consumption of the foods by those household members
most at risk of zinc deficiency, namely young children and pregnant and lactating women [112].

Several household strategies can be used to reduce the phytate content of cereal- and legume-based
foods, including soaking, fermentation, and germination. Soaking has been shown to remove about
half of the phytate from maize and mung bean flour [115, 116]. Fermentation can induce phytate
hydrolysis and germination can increase endogenous phytase activity in some cereals and legumes,
both resulting in decreased inhibitory effects of phytate on zinc absorption [112]. Partial dephy-
tinization at the industrial level can be achieved by milling or the addition of exogenous phytase
enzymes [117]. In a recent review of phytate, iron, zinc, and calcium concentrations in plant-based
complementary foods used in low-income countries, Gibson et al. [118] found that many indigenous
and processed complementary foods had phytate: mineral molar ratios associated with poor mineral
bioavailability. The authors proposed the use of the above mentioned strategies to reduce the phytate
content, but recommended that additional strategies, including fortification of the complementary
foods should be considered.

Promotion and support of appropriate breastfeeding practices should also be considered among the
recommended dietary strategies to enhance the zinc status of infants and young children, for two
reasons: breast milk is an important source of bioavailable zinc [14], and breastfeeding protects
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against diarrhea [119], which causes excessive zinc losses. As recommended by WHO, public health
programs targeting young children should consider the promotion of the three key recommendations:
(1) Early initiation of breastfeeding, (2) exclusive breastfeeding to 6 months, and (3) continued
breastfeeding to 24 months or beyond [120].

Biofortification

Another promising approach to increase zinc intake through food is biofortification. Biofortification is
an intervention strategy with the goal of increasing the content and/or bioavailability of selected
micronutrients, including zinc, in the edible portion of staple food crops by selective breeding
agronomic, or genetic modification techniques [121]. At present, efforts are ongoing to understand the
translocation of zinc from soil to seed [122], and to develop and test different techniques to increase
zinc content of some of the most important staple food crops including rice, wheat, pearl millet, and
beans [123–125]. Other efforts focus on the reduction of the phytate content in the crops [126].

The absorption of zinc from some biofortified foods has also been assessed. In Bangladeshi
preschool children, total zinc absorption, calculated as the product of zinc intake and fractional
absorption, did not differ between the biofortified high-zinc rice cultivar and the conventional rice
[127] and efforts are ongoing to breed another cultivar with higher zinc and/or lower phytate content.
In contrast, a stable isotope study of biofortified pearl millet, which contained almost twice the
amount of zinc compared to the conventional pearl millet, resulted in increased amounts of absorbed
zinc compared to a conventional variety in preschool children in India [128].

Discussion Points

• What are the causes of zinc deficiency?
• Which population groups are most at risk of zinc deficiency and why?
• Which foods are good sources of zinc?
• How can the risk of zinc deficiency be assessed in a population?
• What intervention strategy(ies) is(are) the most suitable to prevent zinc deficiency among young

children?
• What are the consequences of zinc deficiency for human health?
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Chapter 12
Iodine

Michael B. Zimmermann

Keywords Iodine � Iodine deficiency � Thyroid � Goiter � Cretinism � Hyperthyroidism �
Hypothyroidism � Iodized salt � Iodized oil

Learning Objectives

• Describe the epidemiology of iodine nutrition on the global and regional level.
• Compare the methods that can be used to determine the prevalence of iodine deficiency and how

they may be best utilized during different stages of the life cycle.
• Justify a strategy that can be used to prevent and treat childhood iodine deficiency in low-income

countries.
• Explain three strategies that can be used to prevent and treat iodine deficiency during pregnancy.

Introduction

Iodine is an essential component of hormones produced by the thyroid gland. Thyroid hormones, and
therefore iodine, are essential for mammalian life. Optimal dietary iodine intakes for healthy adults
are 150–250 µg/day. In regions where iodine in soils and drinking water is low, humans and animals
may become iodine deficient. Iodine deficiency has multiple adverse effects in humans due to
inadequate thyroid hormone production that are termed the iodine deficiency disorders (IDD). Iodine
deficiency during pregnancy and infancy may impair growth and neurodevelopment of the offspring
and increase infant mortality. Deficiency during childhood reduces somatic growth and cognitive and
motor function. Mild-to-moderate iodine deficiency in adults results in more toxic nodular goiter and
an increase in hyperthyroidism in the population. Correcting iodine deficiency in adult populations
may shift thyroid cancer subtypes toward less malignant forms. Overall, iodine deficiency produces
subtle but widespread adverse effects in individuals, including decreased educability, apathy, and
reduced work productivity. Because in iodine deficient regions most of the population is affected, this
results in impaired social and economic development. Assessment of iodine status includes
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measurement of urinary iodine concentration, goiter, newborn TSH, and blood thyroglobulin. In most
countries, the best strategy to control iodine deficiency in populations is iodization of salt, one of the
most cost-effective ways to contribute to economic and social development.

Ecology and Dietary Sources, Absorption, Metabolism, and Excretion

Iodine (as iodide) is widely but unevenly distributed in the earth’s environment. In many regions,
over millions of years, leaching from glaciation, flooding, and erosion have depleted surface soils of
iodide, and most iodide is found in the oceans. The concentration of iodide in sea water is ≈50 μg/L.
Iodide ions in seawater are oxidized to elemental iodine, which volatilizes into the atmosphere and is
returned to the soil by rain, completing the cycle [1]. However, iodine cycling in many regions is slow
and incomplete, leaving soils and drinking water iodine depleted. Crops grown in these soils will be
low in iodine, and humans and animals consuming food grown in these soils become iodine deficient.
Iodine deficient soils are common in mountainous areas because of glaciation and areas of frequent
flooding. Iodine deficiency in populations residing in these areas will persist until iodine enters the
food chain through addition of iodine to foods (e.g. iodization of salt) or dietary diversification
introduces foods produced outside the iodine deficient area.

The native iodine content of most foods and beverages is low. In general, commonly consumed
foods provide 3–80 µg per serving [2, 3]. Foods of marine origin have higher iodine content because
marine plants and animals concentrate iodine from seawater. Iodine in organic form occurs in high
amounts in certain seaweeds. Major dietary sources of iodine are iodized salt, bread (made with
iodized salt), marine fish, and milk and milk products [2, 3]. Although milk and milk products
typically contain low amounts of native iodine, iodophors used by the dairy industry for cleaning milk
cans and teats and iodine supplements given to cows often increase the iodine content of dairy
products. Less frequently, iodine content in foods is also influenced by iodine-containing compounds
used in irrigation, fertilizers, and livestock feed.

Iodine is ingested in several chemical forms. Iodine compounds in foods and iodate used in salt
iodization are rapidly reduced to iodide in the gut and nearly completely absorbed in the stomach and
duodenum. Iodate is widely used in salt iodization because it is more stable than iodide in the
presence of moisture and impurities. In healthy adults, the absorption of iodide is >90% [4]. Iodine
deficiency is the main cause of endemic goiter (see below), but other dietary substances that interfere
with thyroid metabolism can aggravate the effect, and they are termed goitrogens [5]. They are found
in cassava, millet, sweet potato, beans, and crucifera vegetables (e.g., cabbage). Most of these
substances do not have a major effect on thyroid function unless there is coexisting iodine deficiency.
Deficiencies of selenium, iron, and vitamin A can also exacerbate the effects of iodine deficiency [6].

The body of a healthy adult contains 15–20 mg of iodine, of which 70–80% is in the thyroid. In
chronic iodine deficiency, the iodine content of the thyroid may fall to <20 μg. In iodine sufficient
areas, the adult thyroid traps 50–60 μg of iodine/day to balance losses and maintain thyroid hormone
synthesis. A sodium–iodide symporter (NIS) in the basolateral membrane transfers iodide into the
thyroid at a concentration gradient 20–50 times that of plasma [7]. Iodine comprises 65 and 59% of
the weights of thyroxine (T4) and triiodothyronine (T3), respectively. In target tissues, such as liver,
kidney, heart, muscle, pituitary, and the developing brain, T4 is deiodinated to T3. T3 is the main
physiologically active form of thyroid hormone. Thyroid hormone regulates a variety of physiologic
processes, including reproductive function, growth, and development. More than 90% of ingested
iodine is ultimately excreted in the urine, with only small amounts appearing in the feces.
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The Effects of Deficiency

Iodine deficiency has multiple adverse effects on growth and development in animals and humans.
These are collectively termed the IDD (Table 12.1), and are one of the most important and common
human diseases [8]. They result from inadequate thyroid hormone production due to lack of sufficient
iodine.

Thyroid enlargement (goiter) is the classic sign of iodine deficiency. It is a physiologic adaptation
to chronic iodine deficiency. As iodine intake falls, secretion of thyrotropin (TSH) increases in an
effort to maximize uptake of available iodine, and TSH stimulates thyroid hypertrophy and hyper-
plasia. Initially, goiters are characterized by diffuse, homogeneous enlargement, but over time, thy-
roid follicles may fuse and become encapsulated, a condition termed nodular goiter. Large goiters
may be cosmetically unattractive, can obstruct the trachea and esophagus, and may damage the
recurrent laryngeal nerves and cause hoarseness.

Effects on Pregnancy and Infancy

Although goiter is the most visible effect of iodine deficiency, the most serious adverse effect is
damage to the developing central nervous system of the fetus if women are iodine deficient during
pregnancy. Normal levels of thyroid hormones are required for neuronal migration, glial differenti-
ation, and myelination of the central nervous system [9]. Because ID continues to affect large
populations, particularly in Africa and South Asia [8], it is an important preventable cause of cog-
nitive impairment. Two systematic reviews have highlighted the benefits of correcting iodine defi-
ciency. The first looked at 89 studies that provided iodized salt to populations and found a significant
72–76% reduction in risk for low intelligence (defined as IQ < 70) and an 8.2–10.5 point overall
increase in IQ [10]. A previous smaller review also found IQ was 10–13 points lower in
moderate-to-severely iodine deficient populations compared to iodine sufficient populations [11].
Severe iodine deficiency during pregnancy is associated with a greater incidence of stillbirths,
abortions, and congenital abnormalities. Iodine prophylaxis with iodized oil in pregnant women in
areas of severe deficiency reduces fetal and perinatal mortality [12]. The most severe form of

Table 12.1 The iodine deficiency disorders, by age group

Age groups Health consequences of iodine deficiency

All ages Goiter

Increased susceptibility of the thyroid gland to nuclear radiation

Fetus Abortion

Stillbirth

Congenital anomalies

Perinatal mortality

Neonate Infant mortality

Endemic cretinism

Child and adolescent Impaired mental function

Delayed physical development

Adults Impaired mental function

Reduced work productivity

Toxic nodular goiter; iodine-induced hyperthyroidism

Hypothyroidism in moderate-to-severe iodine deficiency
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neurological damage from fetal hypothyroidism is called cretinism. It is characterized by gross mental
retardation along with varying degrees of short stature, deaf mutism, and spasticity [13]. Two distinct
types have been described. The more common, neurologic cretinism has specific neurologic deficits
that include spastic quadriplegia with sparing of the distal extremities. The myxedematous form is
seen most frequently in central Africa, and has the predominant finding of profound hypothyroidism,
with thyroid atrophy and fibrosis [13]. Up to 10% of people in populations with severe iodine
deficiency may be cretinous.

Effects in Childhood

Whether mild-to-moderate ID in children has adverse effects has long been debated. Several older
randomized, controlled trials in school-aged children have tried to measure the effect of iodized oil on
cognition; three of the studies found no effect [14–16] and one found cognition improved with
treatment [17]. However, two of the studies were confounded by a significant improvement in iodine
status in the control group [14, 17], while in the other two, the treated group remained iodine deficient
at retesting [15, 16]. Two more recent randomized, placebo controlled, double-blind intervention
trials in mild-to-moderately deficient school-aged children have shown clear benefits of iodine on
cognitive and motor function [18, 19]. Moderately iodine deficient 10–12-years-old children
(n = 310) in Albania were randomized to receive either 400 mg of iodine as oral iodized oil or
placebo [18]. Compared to placebo, iodine treatment significantly improved performance on tests of
information processing, fine motor skills, and visual problem solving. The second placebo-controlled,
double-blind trial was conducted in mildly iodine deficient New Zealand school-aged children
(n = 184) randomly assigned to receive 150 μg iodine daily or placebo for 28 week [19]. The overall
cognitive score of the iodine-supplemented group was 0.19 SDs higher than that of the placebo group
(P = 0.011).

A recent systematic review [20] examined the effects of iodine supplementation and/or status on
mental development of children ≤5 years. Organized by study design, average effect sizes were:
(a) 0.68 (2 randomized controlled trials with iodine supplementation of mothers); (b) 0.46 (8
non-randomized trials with iodine supplementation of mothers and/or infants); (c) 0.52 (9 prospective
cohort studies stratified by mothers’ iodine status); and (d) 0.54 (4 cohort stratified by infants’ iodine
status). Overall, this translated into 6.9–10.2 lower IQ points in iodine deficient children compared
with iodine-replete children [20]. Thus, the available data, although limited, suggest ID of
mild-to-moderate severity in school-age children and in children ≤5 years has adverse effects on
cognitive/motor performance and likely prevents children from attaining their full intellectual
potential. The intellectual deficits caused by iodine deficiency during pregnancy and childhood can be
entirely prevented by adequate iodine intake.

Effects in Adults

Iodine status is also a key determinant of thyroid disorders in adults [21]. Severe iodine deficiency
causes goiter and hypothyroidism because, despite an increase in thyroid activity to maximize iodine
uptake and recycling, there is simply not enough iodine to produce thyroid hormone. In
mild-to-moderate iodine deficiency, increasing thyroid activity can compensate for deficient intake
and maintain euthyroidism in most individuals, but at a price: chronic thyroid stimulation results in
more frequent formation of autonomous nodules in goiters that overproduce thyroid hormone (called
toxic nodular goiters), and this results in an increase in hyperthyroidism in the population [22]. This

290 M.B. Zimmermann



high prevalence of nodular autonomy usually results in a further increase in hyperthyroidism if iodine
intakes are increased by salt iodisation. But this is transient because iodine sufficiency normalizes
thyroid activity and this will, in the long term, reduce nodular autonomy [23]. Variations in popu-
lation iodine intake do not affect risk for Graves’ disease or thyroid cancer, and correcting iodine
deficiency may shift thyroid cancer subtypes toward less malignant forms [21].

Requirements and Prevalence of Iodine Deficiency Worldwide

The U.S. Food and Nutrition Board of the National Academy of Sciences has set an Adequate Intake
(AI) for iodine in infancy and a Recommended Dietary Allowance (RDA) for children, adults, and
pregnant and lactating women [4] (Table 12.2). The WHO has established recommended nutrient
intakes for iodine [8] (Table 12.2).

Several methods are available for assessment of iodine nutrition [13]. The most commonly used
are measurement of thyroid size and concentration of urinary iodine [8]. Additional indicators include
newborn TSH, and blood concentrations of thyroglobulin, T4 or T3. Urinary iodine concentration is a
sensitive indicator of recent iodine intake (days) and serum thyroglobulin shows an intermediate
response (weeks to months), whereas changes in the goiter rate reflects long-term iodine nutrition
(months to years).

Until 1990, only a few countries: Switzerland, some of the Scandinavian countries, Australia, the
U.S. and Canada were completely iodine sufficient based on adequate urinary iodine concentrations in
their populations. Since then, globally, the number of households using iodized salt has risen from
<20% to >70%, dramatically reducing iodine deficiency [8]. This effort has been achieved by a
coalition of international organizations, including WHO, the International Council for the Control of
Iodine Deficiency Disorders (renamed the Iodine Global Network in 2014), the Global Alliance for
Improved Nutrition (GAIN), the Micronutrient Initiative and UNICEF, working closely with national
IDD control committees and the salt industry; this informal partnership was established after the
World Summit for Children in 1990.

The two most commonly used approaches to assessing iodine nutrition at population level are
estimation of the household penetration of adequately iodized salt (HHIS) and measurement of
urinary iodine concentrations (UICs) [8]. UIC surveys are usually done in school-aged children,
because they are a convenient population, easy to reach through school based surveys, and usually
representative of the general population. Therefore, the WHO recommends the use of UICs from 6 to
12 years-old children in nationally representative surveys, expressed as the median in µg/L, to classify
a population’s iodine status [8] (Table 12.3). More countries are beginning to carry out studies in
high-risk population groups, i.e., women of reproductive age, pregnant women and younger children;

Table 12.2 Recommendations for iodine intake (µg/day) by age or population group

Age or population group U.S. Institute of
Medicine [4]

Age or population group World Health Organization [8]

EAR AI or RDA RNI

Infants 0–12 months – 110–130 Children 0–5 years 90

Children 1-8 years 65 90 Children 6-12 years 120

Children 9–13 years 73 120

Adults ≥ 14 years 95 150 Adults > 12 years 150

Pregnancy 160 220 Pregnancy 250

Lactation 200 290 Lactation 250

EAR Estimated Average Requirement; AI Adequate Intake; RDA Recommended Daily Allowance; RNI Recommended
Nutrient Intake
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however, data is limited and the majority of countries still conduct routine iodine monitoring in
children.

Currently, nationally representative UIC surveys are available for 117 countries, including low-,
middle- and high-income countries, and for 33 countries, subnational surveys are available [24].
There are no UIC data available for 43 countries, but the majority of these have small populations.
Available UIC data now cover 97.4% of the world’s population of SAC. Classified by iodine nutrition
according to degree of public health importance based on the median UIC, iodine intake is inadequate
in 32 countries, adequate in 71, more than adequate in 36, and excessive in 11. Of the 32 countries
with iodine deficiency, nine are classified as moderately deficient, 23 as mildly deficient and none as
severely deficient [24]. Based on the current estimates, the iodine intake of 30.0%, or 246.2 million of
SAC worldwide is insufficient (Table 12.4). Over one-half of the children with low intakes are in two
regions: 78 million children in Southeast Asia and 58 million children in Africa. The smallest
proportions with low intakes are in the Americas (13.7%) and the Western Pacific (19.8%), while the
greatest proportions of children with inadequate iodine intake are in European (43.9%) and the
African (39.5%) regions [24]. Inferring from the proportion of SAC to the general population, 1.92
billion people globally have inadequate iodine intakes.

Although all European countries endorsed the goal of eliminating iodine deficiency at the 1992
World Health Assembly, control of iodine deficiency has received low priority in much of Europe. As
mentioned above, over the past decade, compared to other WHO regions, Europe has had the largest
percentage of iodine deficient school-age children, as well as the lowest household coverage by
iodized salt, despite its relative wealth and high standard of health care [24]. Why? Many European
governments still equate iodine deficiency with visible goiter, a historical problem and thus a low
priority, and may be unaware of the adverse effects of more subtle iodine deficiency on brain

Table 12.3 Epidemiological criteria from the World Health Organization for assessment of iodine nutrition in a
population based on median or range of urinary iodine concentrations [8]

Iodine intake Iodine nutrition

School-aged children

<20 μg/L Insufficient Severe iodine deficiency

20–49 μg/L Insufficient Moderate iodine deficiency

50–99 μg/L Insufficient Mild iodine deficiency

100–199 μg/L Adequate Optimum

200-–299 μg/L More than adequate Risk of iodine-induced hyperthyroidism in susceptible groups

>300 μg/L Excessive Risk of adverse health consequences (iodine-induced hyperthyroidism,
autoimmune thyroid disease)

Pregnant women

<150 μg/L Insufficient

150–249 μg/L Adequate

250-499 μg/L More than adequate

≥500 μg/La Excessive

Lactating womenb

<100 μg/L Insufficient

≥100 μg/L Adequate

Children less than 2 years of age

<100 μg/L Insufficient

≥100 μg/L Adequate
aThe term excessive means in excess of the amount needed to prevent and control iodine deficiency
bIn lactating women, the numbers for median urinary iodine are lower than the iodine requirements, because of the
iodine excreted in breast milk
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development. In Europe, an increasingly smaller amount of salt is consumed as discretionary salt
added at home: thus, it is crucial that salt in processed foods be iodized, but legislation in most
countries does not cover the food industry. Moreover, legislation on use of iodized salt in foods,
where enacted, varies from country to country, and these differences limit the marketing of common
processed foods containing iodized salt across all countries in Europe.

Data on household coverage with iodized salt is available for 128 out of 196 UNICEF member
states, most of which are low-income countries. Adequately iodized household salt is defined as salt
that contains at least 15 ppm, measured quantitatively by titration. Out of 128 countries with data, 37
countries have salt iodization coverage that meets the international goal of at least 90% of households
consuming adequately iodized salt [24]. Fifty-two countries have coverage rates of between 50 and
89%, and 39 countries have coverage rates of <50%. Overall, approximately 70% of households
worldwide have access to adequately iodized salt [24]. Those with the greatest access are living in the
WHO regions of the Western Pacific and the Americas, and those with the least access are residing in
the Eastern Mediterranean region.

Prophylaxis and Treatment

There are two methods commonly used to correct iodine deficiency in a population: iodized oil and
iodized salt. In nearly all regions affected by iodine deficiency, the most effective way to control
iodine deficiency is through salt iodization [13]. All salt for human consumption, including salt used
in the food industry, should be continuously iodized. In Switzerland, previously affected by endemic
goiter and cretinism, a monitored national salt iodization program, in place for over half a century, has
effectively eliminated iodine deficiency. Iodine can be added to salt in the form of potassium iodide
(KI) or potassium iodate (KIO3). Because KIO3 has higher stability in the presence of salt impurities,
humidity, and porous packaging, it is the recommended form [8]. Iodine is usually added at a level of
20–40 mg iodine/kg salt, considering per capita salt intakes of 5–10 g per day in the target popu-
lation. But in industrialized countries, because ca. 90% of salt consumption is from purchased
processed foods, if only household salt is iodized it will not supply adequate iodine. Thus, it is critical
that the food industry use iodized salt. The current push to reduce salt consumption to prevent chronic
diseases and the policy of salt iodization to eliminate iodine deficiency do not conflict: iodization
methods can fortify salt to provide recommended iodine intakes even if per capita salt intakes are
reduced to <5 g/day. Worldwide, sustainability of iodized salt programs has become a major focus.

Table 12.4 Number of countries, proportion of population, and number of individuals with insufficient iodine intake in
school-aged children and in the general population, by WHO region, 2012 [24]

WHO region2 Insufficient iodine intake (urinary iodine concentration <100 µg/L)

Countries
(n)

Children 6–12
years-old

Total
n (millions)

General population

Proportion (%) Proportion
(%)

Total
n (millions)

Africa 10 39.5 58.1 40.1 322.2

Americas 2 13.7 14.6 13.7 125.7

Eastern
Mediterranean

4 38.6 30.7 37.4 199.2

Europe 11 43.9 30.5 44.2 393.1

Southeast Asia 0 31.9 78.4 31.7 565.3

Western Pacific 5 19.8 33.9 17.9 319.4

Global total 32 29.8 246.2 28.7 1924.9

Based on the 193 WHO Member States, and United Nations population estimates in the year 2010
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These programs are fragile, and require a long-term commitment from national governments, donors,
consumers, and the salt industry.

In some regions, iodization of salt may not be practical for control of iodine deficiency, at least in
the short term. This may occur in remote areas where communications are poor or where there are
numerous very small-scale salt producers. In these areas, other options for correction of iodine
deficiency should be considered, such as iodized oil [13]. Iodized oil is a long-lasting, “depot” form,
of iodine supplementation, prepared by esterification of the unsaturated fatty acids in seed or veg-
etable oils, and addition of iodine to the double bonds. It can be given orally or by intramuscular
injection. The intramuscular route has a longer duration of action (up to 2 years), but oral admin-
istration is more common because it is simpler and safer. Iodized oil is recommended for populations
with moderate-to-severe iodine deficiency that do not have access to iodized salt, and may be targeted
to women of child-bearing age, pregnant women, and children. The recommended dose is 400 mg
iodine/year for women and 200 mg iodine/year for children 7–24 months of age [8]. Iodine can also
be given as potassium iodide or iodate as drops or tablets, and iodine supplements (≈150 µg/day) are
often recommended for pregnant and lactating women residing in areas of mild-to-moderate iodine
deficiency [12].

Iodine Excess

Most people are remarkably tolerant to high dietary intakes of iodine. In iodine sufficient populations,
large excesses of iodine in the mg to g range inhibit thyroid hormone production, leading to increased
TSH stimulation, thyroid growth and goiter [21]. A rapid increase in iodine intake of populations with
chronic iodine deficiency may precipitate iodine-induced hyperthyroidism [8]. This is more likely to
occur if the iodine is given in excess, usually because the iodine content of iodized salt is set too high,
and occurs mainly in older people with nodular goiter. The incidence of iodine-induced hyperthy-
roidism tends to abate after 3–5 years [23]. To reduce risk, the iodine level in salt should be
monitored and reduced if too high.

Discussion Points

• Why is it important to use various indicators of Iodine status?
• Is it worthwhile to iodize salt in areas where there is no signs of iodine deficiency?
• What can be the economic impact of iodine deficiency in a community?
• Are there reasons that Iodine deficiency can be considered a global issue or only an issue that

affects isolated area of the world?
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Chapter 13
Nutritional Rickets and Vitamin D Deficiency

John M. Pettifor and Kebashni Thandrayen

Keywords Nutritional rickets � Vitamin D deficiency � Low dietary calcium intakes � Non-skeletal
functions

Learning Objectives

• Explain why rickets remains a major cause of infant and young child morbidity.
• Define what the determinants of rickets are.
• Evaluate why recommendations for vitamin D intake over the lifespan are unique compared with

other nutrients.
• Describe the clinical and subclinical effects of vitamin D deficiency.

Introduction

Over the past 20–30 years, nutritional rickets has received considerable attention from public health
specialists in a number of high-income countries, as there appears to have been resurgence in the
prevalence of the disease over this period, having almost been eradicated by the middle of the last
century in many of these countries. In many low-income countries too, attention has been focused on
the disease, not only because of its effects on bone growth and mineral homeostasis but also because
of its association with increased infant and childhood mortality especially when accompanying lower
respiratory tract infections. Further, the long-term sequelae of the bony deformities, which are
characteristic of the acute disease, may be associated with considerable morbidity during child birth
and have permanent effects on the joints of affected individuals.

As will be discussed later (c.f. Public Health Importance section of this chapter), it is now apparent
that nutritional rickets is caused not only by vitamin D deficiency but also by low dietary calcium
intakes, and that it is likely that these two factors play synergistic roles in many children who develop
the disease.
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Definition

Rickets is a disease of growing bones, which results from a failure of or delay in the calcification of
newly formed cartilage at the growth plates of long bones, and is associated with a failure of
mineralization of newly formed osteoid (this latter feature is termed osteomalacia) at the trabecular
bone surfaces and the endosteal and periosteal surfaces of cortical bone (Fig. 13.1). These osseous
changes result in the long bones in particular no longer being able to maintain their normal shapes in
response to physical forces, such as produced by weight bearing or muscle insertions. The results are
the characteristic bony deformities, which are described in the Pathophysiology/Clinical Features
section of this chapter.

There are numerous causes of rickets, however, they can be divided broadly into three large
categories: those associated with a primary inability to maintain serum calcium concentrations
(calciopenic rickets), those associated with a primary inability to maintain normal serum phosphorus
concentrations (phosphopenic rickets), and those associated with a primary defect of mineralization.
Nutritional rickets is a form of calciopenic rickets and has classically been associated with vitamin D
deficiency. Nutritional phosphopenic rickets only occurs in a very specific situation—that of very low
birthweight infants being fed predominantly unfortified breast milk—this condition is known as
rickets or bone disease of prematurity. Outside of prematurity, dietary phosphate is generally in
abundance.

Historical Background

Although there are reported to be references to rickets in Greek and Roman writings nearly
2000 years ago, and a report has been published of skeletal evidence of rickets in an infant skeleton
found in South Africa [1], which was radiocarbon dated to nearly 5000 BP, it has been only in the last
400 years that good descriptions of the disease have been recorded [2].

Fig. 13.1 The histological features of osteomalacia on bone biopsy. An iliac crest bone biopsy showing the excessive
orange osteoid lining the trabecular surfaces. Mineralized bone is stained blue
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Historically, nutritional rickets is a disease that is associated with urbanisation and the industrial
revolution. The first clear descriptions of the disease were published in the middle of the seventeenth
century by Francis Glisson (1597–1677) and Daniel Whistler (1619–1684) [3], at which time it
became known as the “English disease” because of its high prevalence among urban English children
then. Francis Glisson provided a clear description of its peak prevalence in children between the ages
of 6 and 30 months. At that time the disease was more common among children of the affluent than of
the poor, reflecting the parental protection of affluent infants from sunlight [4]. However with the
development of inner city slums with their narrow sunless streets and atmospheric pollution, the
disease became much more prevalent among the infants and young children of the poor and destitute.
A number of hypotheses was proposed at that time as to its aetiology including digestive distur-
bances, poor and incorrect feeding, and the breathing of foul air.

A couple of centuries later, Trousseau, the famous French physician (1801–1867), noted that the
disease was “unquestionably more common in damp cold countries than elsewhere” and also that cod
liver oil and fish oils in general were effective in its management [5], however, it was not until the
beginning of the twentieth century that his advice was generally accepted.

In the eighteenth, nineteenth and early twentieth centuries, a number of studies noted the almost
universal finding of the features of rickets in infants and young children living in the industrialised
cities of Northern Europe and northern North America [6, 7]. It was noted too that children living in
rural and farming communities were generally spared [8].

A number of physicians had concluded in the late 1800s that sunlight was beneficial in both
preventing and treating the disease [9, 10], however it was not until the early twentieth century that
the discovery of vitamin D by McCollum [11] and of the role of UV light in the formation of vitamin
D in the 1920s [12] provided a rational and acceptable approach to the prevention and management of
vitamin D deficiency rickets. Following the isolation of vitamin D, a number of countries introduced
supplementation programmes and food fortification, especially of infant milk formulas almost uni-
versally and of cow’s milk in USA and Canada. These measures were associated with a rapid
reduction in the prevalence of rickets in young children and by the latter half of the twentieth century,
infantile rickets had become a relatively uncommon disease in many high-income countries in the
more northern latitudes. However, with the relatively recent encouragement of exclusive breast-
feeding during the first months of life and the immigration of darker skinned populations into many of
these industrialised countries after the Second World War resurgence of the disease in certain
communities in these countries has been observed [13–15]. Until recently, little attention has been
paid to the prevalence of rickets in other countries, but it is clear that nutritional rickets has been and
remains a problem in northern parts of Asian countries, the Indian subcontinent, the Middle East and
in a number of countries in Africa (see “Public Health Importance” Section).

Epidemiology

Although humans can obtain their vitamin D supply through two routes, namely through the diet or
via skin synthesis under the influence of ultraviolet-B radiation, it is the latter epidermal synthesis
which plays the major role in maintaining the vitamin D status of the majority of populations [16]
(Fig. 13.2). Few unfortified foods, except for foods such as oily fish and fish oils, contain adequate
quantities of vitamin D to ensure vitamin D sufficiency [17].

Ultraviolet-B radiation between the wavelengths of 290 and 315 nm induces the photolysis of
7-dehydrocholesterol in the skin to form previtamin D3, which then undergoes thermal isomerisation
over the next 24–36 h to form vitamin D3 (cholecalciferol). Once formed in the deeper layers of the
epidermis, vitamin D3 is transported in the blood stream attached to vitamin D binding protein
(DBP) to the liver, where it is hydroxylated to 25-hydroxyvitamin D3 (25(OH)D3). This latter
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compound is the major circulating form of the vitamin and measurement of its serum concentration
provides a good index of the vitamin D status of an individual [18]. Ingested and absorbed vitamin D
(in the form of either vitamin D2 or D3) is also transported to the liver where it is hydroxylated mainly
by P450 CYP2R1 to 25(OH)D (the absence of a subscript is used to denote that the vitamin D
compound may be derived from either vitamin D2 or D3) [19, 20]. Vitamin D2 (ergocalciferol) is
formed by the UV radiation of the plant sterol, ergosterol. Neither vitamin D nor its hydroxylated
compound (25(OH)D) is physiologically active at normal concentrations; 25(OH)D must first be
converted to 1,25-dihydroxyvitamin D (1,25-(OH)2D) in the proximal tubules of the kidney before
becoming a calciotropic hormone. 1 α- hydroxylation is the major rate-limiting step in the synthesis of
1,25-(OH)2D and its synthesis is tightly mediated and regulated by the enzyme 1 α- hydroxylase.
CYP27B1 is the gene encoding 1 α- hydroxylase and CYP27B1 mRNA is expressed in a number of
vitamin D target tissues including bone, kidney, intestine, skin and macrophages [21]. The active
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form of vitamin D, 1,25-(OH)2D, acts largely through its intracellular vitamin D receptor to influence
gene transcription and protein synthesis; its major target organs related to calcium and bone home-
ostasis being the gastrointestinal tract where it enhances dietary calcium and to a lesser extent
phosphorus absorption, and the bone itself where it stimulates bone resorption and the release of
calcium and phosphorus into the blood stream (Fig. 13.2). It has minor effects on the kidney where it
increases calcium reabsorption and on the parathyroid gland where it influences parathyroid hormone
secretion (see reference [22] for a review of vitamin D physiology).

The amount of vitamin D3 formed in the skin is dependent on a number of factors [23], the most
important of these being the amount of solar UV-B radiation that is available at the skin surface. This
is dependent to a large extent on the zenith angle of the sun which in turn is dependent on the latitude
of the country, the season of the year and the time of day. Studies suggest that areas above a latitude
of 35° receive insufficient UV radiation during the winter months for cutaneous synthesis of vitamin
D [24], thus cities such as Boston (42°N) or Calgary (52°N) in the north and Ushuaia (55°S) in the
south receive negligible amounts of UV-B radiation during the winter months [25, 26]. Even in Cape
Town at 32°S the amount of vitamin D that can be formed during sunlight hours during the winter
months is small (Fig. 13.3) [27]. A further factor which influences UV-B radiation is the extent of
atmospheric pollution, such that in areas of high atmospheric pollution in an industrialised city UV
radiation is reduced compared to that in less polluted areas in the same city [28].

Personal factors also influence the formation of vitamin D in the skin. These include the amount of
time spent outside, the extent of skin area exposed to sunlight, the time of day of the sunlight
exposure, and the use of sunscreens, which can very effectively prevent UV penetration into the skin.
Elderly subjects appear to form less vitamin D3 than their younger counterparts, as the amount of
7-dehydrocholesterol in the skin is reduced, thus reducing the substrate available for the formation of
vitamin D3. Further, the degree of melanin pigmentation has a major effect on the amount of vitamin
D formed in the skin. In numerous studies, in which serum concentrations of 25(OH)D have been
compared between black and white subjects, values in black and Asian subjects are significantly
lower than those of their white peers living in the same community [29–31].

Fig. 13.3 The formation of vitamin D in cities at two different latitudes in South Africa. Johannesburg has a latitude of
26°S while Cape Town has a latitude of 32°S. Vials containing 7-dehydrocholesterol were placed in the sun for 9 h on one
day a month throughout the year. The vitamin D formed in the vials was measured. Note the limited vitamin D formation
that occurs during the winter months from April to September in Cape Town. Reproduced with permission [27]
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Factors Influencing the Formation of Vitamin D in the Skin

The amount of UV-B reaching the earth

• The zenith angle of the sun (the distance from the equator)
• The season of the year
• Time of day
• Atmospheric pollution
• Cloud cover

Human factors

• Amount of skin exposed (clothing coverage)
• Duration of exposure
• Use of sunscreens
• Degree of melanin pigmentation (more pigment, less vitamin D formation)
• Amount of 7-dehydrocholesterol in the skin (aging).

It is clear from the above discussion that vitamin D deficiency rickets is characteristically a disease
of infants and young children, as once children start to walk, they will tend to spend more time out of
the house in the open air and thus be exposed to sunlight. Furthermore, it is typically a disease of
young children living in countries of high latitude. Breastfed infants are further disadvantaged as
breast milk normally contains very little vitamin D or its metabolites (estimated to be between 20 and
60 IU/l) [32, 33]. It is estimated that a lactating mother probably requires 4000 IU/d of vitamin D
(some 6–7 times the currently recommended intake) to provide sufficient vitamin D in breast milk to
maintain vitamin D sufficiency in the nursing baby who has limited access to sunlight [34]. Of all the
vitamin D metabolites, 25(OH)D crosses the placenta most readily. The newborn infant has circu-
lating levels of 25(OH)D which are approximately 60–80% of those of the mother, thus the infant is
protected for several months from vitamin D deficiency without an additional source of vitamin D,
provided the mother is vitamin D replete [35]. However, numerous studies have highlighted that
many pregnant mothers have either vitamin D insufficiency or deficiency [36]; this being particularly
true of mothers with increased melanin pigmentation living in countries of high latitude (for example,
African Americans and the Asian and African communities in the UK and Europe) [37–40]. These
low maternal levels predispose the young infant to earlier and more severe vitamin D deficiency and
rickets [41].

Over the last 20 years, rickets has been described from all the inhabited continents of the world. In
the USA, African American infants are mainly at risk. The age group is typically less than 30 months
of age and the vast majority of affected infants is or has been breastfed (96%) [13]. An interesting
study by Carpenter and his group from the east coast of the USA [42] suggested that low dietary
calcium intakes may also play a role in the pathogenesis of the disease, as many of the infants who
developed rickets had normal concentrations of 25(OH)D and had been weaned onto diets low in
calcium. In Canada, darker skinned breastfed infants are also at risk and it is suggested that breastfed
infants living north of the 55th parallel should be supplemented with Vitamin D at 800 IU/d rather
than the customary 400 IU/d [43].

In Europe, it is the Asian community (Pakistani and Indian immigrants) living in the United
Kingdom that has been the most investigated, as numerous reports have highlighted the high
prevalence of vitamin D deficiency not only in infants but also in adolescents [44] and pregnant
mothers [14, 45–47]. Although vitamin D deficiency is central to the pathogenesis of the disease in
this community, it is suggested that low dietary calcium intakes associated with the high phytate
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content of the typical vegetarian diet increase vitamin D requirements through increased catabolism of
25(OH)D [48] (Fig. 13.4). Besides the increased melanin pigmentation, it appears that greater
clothing coverage of the skin and less time spent outside might contribute to the greater prevalence of
vitamin D deficiency in the Asian community compared to the indigenous population. In other
northern European countries, reports of rickets being more prevalent in dark-skinned immigrants have
also appeared [49–52].

Vitamin D deficiency and rickets are common in Middle Eastern countries, where social and
religious customs, such as purdah and veiling, which prevent adequate skin exposure to UV-B
radiation, are primarily responsible [53–55]. Vitamin D deficiency in young infants is also aggravated
by a high prevalence of vitamin D deficiency in pregnant mothers [56]. Low calcium and high phytate
intakes have been reported to be responsible for osteomalacia among the Bedouins in Israel [57]. In
the Yemen some 50% of children admitted for pneumonia had rickets [58], a finding similar to that
was noted in Ethiopia [59].

As Africa straddles the Equator, it might be expected that rickets would be uncommon on that
continent, yet the disease has been reported from a number of African countries, including Algeria,
Tunisia, Libya, Egypt, Sudan, Ethiopia, Nigeria, Kenya and South Africa. In the majority of these
countries, the disease presents in infants and young children [51, 60–62] and is likely to be due to
vitamin D deficiency caused by poverty (associated with overcrowding), and social and religious
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customs preventing sunlight exposure [63]. However, in Nigeria the mean age of presentation is older
(46 months) and a number of researchers have noted that affected children have 25(OH)D concen-
trations above the accepted vitamin D deficient range and have elevated 1,25-(OH)2D levels [64, 65].
Furthermore, the bone disease responds to dietary calcium supplements alone [64, 66, 67]. Calcium
intakes in these children are typically low (*200 mg/d) as the diet is almost devoid of milk and dairy
products, and the phytate content of the diet is high. However in the Nigerian studies no difference in
calcium intakes between control and affected children has been found [65]. Thus although it appears
that low dietary calcium intakes play a pivotal role in the pathogenesis of the disease in these children,
other unknown factors may predispose susceptible children to the development of the disease.

In South Africa, vitamin D deficiency was frequently seen some 50 years ago in infants in the
southern most regions [62], but the prevalence has dropped markedly with the provision of vitamin D
supplements to breastfed infants in their first year of life and the fortification of infant milk formulas
with vitamin D. More recently, calcium deficiency rickets in association with normal 25(OH)D and
elevated 1,25-(OH)2D concentrations has been described in children (aged between 4 and 16 years)
living in rural parts of the country. As in the Nigerian children, the calcium intakes were estimated to
be very low (150–250 mg/d), however unlike the Nigerian situation, calcium intakes of control
children were generally higher than those of affected children [68–71].

Rickets is well described in northern China [72, 73] (including Tibet where the prevalence of
clinical rickets has been estimated to be about 66% in one study [74]), and Mongolia [75]. Not only is
the disease prevalent during infancy but low vitamin D status and symptomatic hypocalcaemia is
reported during the winter months in adolescents as well [76]. Excellent descriptions of the effects of
osteomalacia on the skeleton and in particular on the pelvis of women in China were made by
Maxwell over 70 years ago [77].

In India, the prevalence of rickets is more common in the Muslim than Hindu communities [78].
Also, although vitamin D deficiency probably plays the dominant role in the pathogenesis of the
disease, there is evidence emerging that low dietary calcium intakes may be an important contributor
in young children [79]. In urban communities, air pollution and overcrowding probably play a role in
the pathogenesis of vitamin D deficiency [28]. Endemic fluorosis is well described in certain parts of
India [80], and recent studies suggest that vitamin D deficiency and low dietary calcium intakes might
aggravate the clinical picture, through the increased calcium demands associated with endemic
fluorosis [81].

Dietary calcium deficiency rickets has also been described in the south-eastern region of
Bangladesh [82], where 0.9% of children between the ages of 1–15 years were found to have rickets
as detected by radiology [83].

Rickets and vitamin D deficiency in South America are uncommon, because most countries are
reasonably close to the equator. However vitamin D deficiency is well described in the southern most
regions of Argentina, especially during the winter months [84] and rickets is also described from this
region and from urban areas around Buenos Aires, where it is associated with overcrowding and low
socio-economic status [85].

In Australia, a growing concern is apparent about the rising prevalence of rickets in the major cities
such as Sydney [15]. Over a 10 year period spanning the beginning of this century over 125 cases
were diagnosed as having vitamin D deficiency rickets in three large teaching hospitals. As in other
high-income countries, the disease is now occurring almost exclusively in children of immigrant
families, especially from the Indian subcontinent, Africa and the Middle East [86], although some
thirty years ago a study from Melbourne suggested that it was immigrants from the Mediterranean
region who were most at risk [87]. Studies also indicate that many of the pregnant women of
immigrant families are vitamin D deficient, thus exposing their newborn infants to a greater risk of
more severe and earlier rickets [88].
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Public Health Importance

The global prevalence of rickets is not known, as many of the community surveys that have been
conducted rely on, for the diagnosis of the disease, the finding of bony deformities and clinical
findings which are not specific to rickets. Furthermore, these deformities do not necessarily imply the
presence of active rickets as deformities which develop during the active stage of the disease may
persist for months or years after the disease has been treated. Despite the lack of accurate information,
it is clear that rickets and vitamin D deficiency are common in many countries throughout the world
[89, 90] as described in the previous section, including Middle Eastern countries [91–93] and a
number of low–middle income countries, such as Ethiopia [94], the Yemen [58], and areas of Asia,
such as China [74] and Mongolia [75, 95]. Furthermore, the disease is prevalent among immigrant
and dark-skinned populations in a number of high-income countries [15].

Besides the classical effects of active rickets on bone growth and development and on calcium
homeostasis (cf. Pathophysiology/Clinical Features section), vitamin D deficiency may have adverse
effects on a number of other systems. These and the current controversies surrounding the diagnosis
of vitamin D status have been recently reviewed [96]. Vitamin D has effects on the immune system
[97]. Activated T and B lymphocytes, monocytes, and macrophages express the vitamin D receptor
and vitamin D has been shown to modulate B and T lymphocyte function [98, 99]. Innate immunity
involving monocytes, macrophages, and mucosal cells causes activation of the toll-like receptors
(TLRs) and up-regulates the expression of CYP27B1 [100]. Adaptive immunity (learned mechanisms
for fighting invaders) is mediated by T cells producing cytokines and B cells producing
immunoglobulins [101]. Vitamin D itself actually suppresses the adaptive immune response by
reducing the proliferation and differentiation of B cells, and inhibiting the production of
immunoglobulins and proliferation of Th1 and Th17 cells (T cells that encourage destruction of
offenders). Interleukins beneficial for Th2 and T regulatory cells are increased by 1,25-(OH)2D,
protecting the body against self-damage or preventing autoimmunity. The TLRs have specific
functions for innate immunity and stimulate the production of 1,25-(OH)2D which plays an autocrine
role in the immune response to bacterial, viral, cancerous, proinflammatory and autoimmune diseases.
The appropriate concentrations of vitamin D and/or its metabolites required to facilitate the ability of
immune cells to defend against bacterial and viral infections need further investigation [102].
However, there is compelling experimental evidence of the importance of vitamin D in stimulating
cathelicidin production and controlling Mycobacterium tuberculosis infection in vitro [97]. Further,
studies suggest that vitamin D deplete or insufficient states are prevalent among children with viral
respiratory tract infections [103] and wheezing [104], although the effect of vitamin D supplemen-
tation on the incidence of allergy and wheezing is not consistent [105].

A study from Ethiopia found that children admitted to hospital with pneumonia had a 13 times
greater incidence of rickets than children without pneumonia and the combination was associated
with a 40% mortality rate [59]. In a study from Jordan 11% of children under 2 years of age admitted
for acute illnesses were found to have rickets, and 85% of those with rickets had lower respiratory
tract infections compared to only 30% of the children without rickets [106]. There are several possible
mechanisms for rachitic children to be predisposed to lower respiratory tract infections; the first is the
role that vitamin D has been shown to play in the innate immune system, a second mechanism relates
to the muscle weakness and hypotonia which is characteristic of severe vitamin D deficiency, and the
third is the effect of rickets and osteomalacia on the rigidity and support provided by the ribs during
respiration. The results of vitamin D supplementation studies on the incidence of respiratory infec-
tions in children and adults have been inconsistent [107–109]. Despite good laboratory and animal
studies suggesting a role for vitamin D in the management and prevention of tuberculosis, a recent
randomised controlled trial of vitamin D supplementation did not find any beneficial effects of
intermittent bolus therapy on the morbidity and mortality of adults with tuberculosis [110].
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The vitamin D status of the subjects was generally good with less than 10% having 25(OH)D
concentrations <50 nmol/l, thus it is possible that the results would have been different in a popu-
lation with a more deplete vitamin D status.

Vitamin D deficiency during pregnancy and early infancy has been associated with poorer
maternal weight gain, a higher incidence of neonatal hypocalcaemia, poor neonatal bone mineral-
ization and fractures, and reduced longitudinal growth [29], however these findings are not consistent
and a recent review suggests that the quality of the evidence is poor [111].

Further, there is evidence to suggest that vitamin D supplementation in infancy reduces the risk of
type 1 diabetes mellitus in later life [112]. Vitamin D deficiency has been shown to be positively
associated with type 1 diabetes and other autoimmune diseases such as multiple sclerosis [113] and
other studies have shown that vitamin D sufficient states are protective against type 1 diabetes [114]
and multiple sclerosis [115]. Children in Finland who received 2000 IU of vitamin D a day from
1 year of age and who were followed for the next 25 years had an 80% decreased risk of developing
type 1 diabetes, whereas children who were vitamin D deficient had a 4-fold increased risk of
developing this disease later in life [116]. Furthermore, more recent studies worldwide have reported
a higher prevalence of low 25(OH) D levels in patients with type 1 diabetes compared to healthy
controls [117–119], but it is unclear from these cross-sectional studies whether the lower 25(OH)D
levels have a causal relationship with prevalence of diabetes. There is also equivocal evidence on the
association between maternal 25(OH)D levels during pregnancy and the risk for type 1 diabetes in the
offspring [120, 121]. Furthermore the intake of vitamin D in at-risk children (first degree relatives of
subject with type 1 diabetes or with HLA class II typing) showed no correlation with the presence of
islet autoimmunity [122] and intervention trials with 25(OH)D and 1,25-(OH)2D in newly diagnosed
type 1 diabetes patients showed variable results in the protection of pancreatic beta cell function,
which produces insulin [123].

The risk for multiple sclerosis is higher in people living above 35° latitude than in those who live
below this latitude [124] and the lower the serum 25(OH)D concentrations the higher the risk for
multiple sclerosis [125]. Vitamin D supplementation has also been shown to have protective effects
against rheumatoid arthritis [126] and inflammatory bowel disease [127, 128].

It has also been suggested that in addition to multiple sclerosis, other neurological disorders such
as schizophrenia and bipolar disorders are associated with vitamin D deficiency during pregnancy or
early neonatal life [129]. Many studies have confirmed that schizophrenics are more likely to be born
during winter than other seasons. The same winter excess of births has been reported in bipolar
affective disorders. These data suggest that vitamin D deficiency and poor sun exposure of pregnant
mothers may be associated with a higher risk of schizophrenia and bipolar disorders in their offspring
[130]. Low maternal vitamin D levels may have an impact on fetal brain maturation, given that
vitamin D is also involved in the development and functioning of the nervous system [131].

Recent epidemiological studies have provided interesting but as yet unproven data which suggest
that low vitamin D status during adulthood may increase the risk of colon and prostate cancers among
a number of others [132]. The mechanisms through which vitamin D exerts its effects are varied,
ranging from altering the calcium concentration in the colonic contents to providing substrate for the
local formation of 1,25-(OH)2D which is important in regulating cellular division and differentiation.
Currently there are no studies reporting the association between vitamin D deficiency and cancer risk
in children. In a study conducted in Israel, nearly half the children who had malignancies had vitamin
D insufficiency or deficiency, but there was no control group against which to compare the prevalence
of vitamin D deficiency [133]. Further research in the field of childhood cancers and vitamin D needs
to be conducted to determine the association of vitamin D status and cancer risk.

In conclusion, although the wide range of possible positive extra-skeletal effects of vitamin D have
generated considerable interest among both researchers and the lay public, there are few controlled
trials to support the findings of observational and epidemiological studies. Until such time that these
findings are supported by clinical trials, the Institute of Medicine (IOM) and others have cautioned
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against excessive enthusiasm [134]. The IOM suggests that there is no evidence to indicate that serum
25(OH)D levels above 20 ng/ml (50 nmol/l) are beneficial. The committee further suggests that in
children the risk of symptomatic vitamin D deficiency increases below 30 nmol/l [135]. In the 2010
recommendations of the IOM, the committee specifically determined the DRIs for vitamin D based on
the assumption that there was no skin synthesis of vitamin D, even though in most populations skin
synthesis of vitamin D accounts for up to 90% of the circulating 25(OH)D.

Pathophysiology/Clinical Features

Nutritional rickets is primarily a result of disturbed calcium homeostasis consequent on impaired
dietary calcium absorption or inadequate dietary calcium intake to meet the demands of the growing
skeleton. As discussed earlier, the principal physiological role of vitamin D (or more specifically
1,25-(OH)2D) is the control of intestinal calcium absorption, thus a deficiency of vitamin D results in
impaired absorption and hypocalcaemia. The latter stimulates secondary hyperparathyroidism, which
results in a reduction in urinary calcium excretion and an increase in urinary phosphate loss.
A possible rationale for this reciprocal relationship between calcium and phosphorus excretion is an
attempt by the body to protect serum ionised calcium concentrations, which are vital for normal
neuromuscular function. Further, increased parathyroid hormone secretion increases bone resorption
and bone turnover, resulting in bone loss, which increases the supply of both calcium and phosphorus
into the extracellular fluid. Without the increased renal excretion of the resultant surplus phosphate,
rising serum phosphorus concentrations would suppress ionised calcium increasing the risk of
hypocalcaemic neuromuscular symptoms. The combination of hypocalcaemia and/or hypophos-
phataemia results in impaired mineralization at the growth plate and the development of the typical
pathological features of rickets (see reference [136] for a more detailed discussion).

Clinically, the typical features of rickets are a result of the widening and splaying of the growth
plates and resultant deformities of the metaphyses of the long bones. Thus widening of the wrists,
knees and ankles, palpable and enlarged costochondral junctions (the rachitic rosary) and deformities
of the long bones as a result of weight bearing are the characteristic features [137]. The type of long
bone deformity is dependent on the age of the child; in young infants deformities associated with
fractures of the forearm are not uncommon and are associated with swaddling, while in the lower
limb, anterior bowing of the distal third of the tibia may be found as a result of the infant lying with
the legs crossed. In the child who has just started walking bow legs are a common feature, while in
the older child, knock knees or a windswept deformity are more common (Fig. 13.5). In the young
infant, softening of the skull and a delay in mineralization result in craniotabes (ping pong sign over
the petrous temporal bone) and enlargement of and delay in closure of the anterior fontanelle. In
young children with severe rickets, softening of the ribs with narrowing of the lateral diameter of the
chest producing the ‘violin case deformity’ and the development of the Harrison’s sulcus along the
site of attachment of the diaphragm to the inner surface of the ribs may result in severe respiratory
distress and recurrent lower respiratory tract infections. Fractures of ribs and long bones are common
manifestations of severe rickets.

Hypotonia and myopathy associated with vitamin D deficiency (possibly in association with bone
pain) result in delayed motor milestones and in older children these may present with difficulty in
walking up stairs or rising from the sitting position [138].

Hypocalcaemia may manifest clinically without features of bony deformities especially in the early
stages of vitamin D deficiency in the young infant less than six months of age [139, 140]. In the
neonate hypocalcaemia with apnoeic attacks, convulsions or tremor is more common in infants born
to vitamin D deficient mothers [141, 142]. Hypocalcaemic symptoms without bony deformities are
also frequently noted in adolescent children [55].
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Diagnosis

The diagnosis of rickets is suspected clinically by the presence of the typical bony deformities [137],
however these do not necessarily indicate active disease as they may persist for months or years
following the correction of dietary calcium or vitamin D deficiencies. Craniotabes too may occur in
young normal infants, especially in those who were born prematurely [143]. A further difficulty in
diagnosing rickets clinically may be created by active rickets being present without clinically apparent
bony deformities; this is typically the situation in the early stages of rickets, when the infant only
presents with hypocalcaemic symptoms or in the adolescent in whom the growth plates are almost
fused.

The presence of active rickets should be confirmed by radiological examination of the growth
plates of rapidly growing regions of the skeleton. Radiographs of the wrists and knees are the typical

Fig. 13.5 Typical bony deformities associated with rickets. a Windswept deformities in a child with dietary calcium
deficiency rickets. b Chest deformities in a child with severe rickets. The child presented with severe respiratory
distress. c Enlarged wrist in a child with vitamin D deficiency

308 J.M. Pettifor and K. Thandrayen



sites examined. Early features of the disease are a loss of the provisional zone of calcification at the
junction of the growth plate and metaphysis and progressive widening of the growth plate [144]. As
the growth plates widen, physical forces disrupt the normal cartilage plates and under-mineralized
metaphyses result in cupping, fraying and splaying of the metaphyses (Fig. 13.6). The epiphyses are
typically underdeveloped and the trabecular pattern of the metaphyses is coarse and sparse. The
cortices of the diaphyses are thin and periosteal new bone formation may be seen, especially during
the early stages of healing. Fractures of the long bones and ribs are frequently noted in severe rickets.
A grading system of the radiographic changes at the knees and wrists has been found to be useful in
assessing the severity of rickets and its response to treatment [145].

Biochemically, active rickets manifests classically with hypocalcaemia, hypophosphataemia, and
elevated alkaline phosphatase and parathyroid hormone concentrations. In the early stages of vitamin
D deficiency, hypocalcaemia may be the only biochemical finding, but as the disease progresses and
secondary hyperparathyroidism becomes manifest, hypocalcaemia may partially correct and
hypophosphataemia and elevated alkaline phosphatase levels become apparent. In the severe stages of
the disease, calcium levels once again fall as the homeostatic mechanisms fail to maintain
normocalcaemia.

Confirmation of vitamin D deficiency is dependent on the finding of low 25(OH)D concentrations.
It is generally considered that values <10–12 ng/ml (25–30 nmol/l) are indicative of vitamin D
deficiency, however, children with vitamin D deficiency rickets typically have values <5 ng/ml
(12.5 nmol/l) [146]. The Institute of Medicine (IOM) in its 2011 report [135] has proposed that
persons are at increasing risk for vitamin D deficiency and rickets at serum 25(OH)D levels below
12 ng/ml (30 nmol/l). The measurement of 1,25-(OH)2D concentrations is not helpful in the diag-
nosis of vitamin D deficiency as levels have been found to be low, normal or elevated even in the face
of what are considered to be low 25(OH)D levels [146–148].

Rickets due to dietary calcium deficiency presents with very similar biochemical findings to those
of vitamin D deficiency, however 25(OH)D levels are characteristically within the normal range and
1,25-(OH)2D concentrations are elevated [65, 66, 69].

Fig. 13.6 Radiographic changes at the knees of an 18 month old child with severe rickets. Note the loss of the
provisional zone of calcification at end of the metaphyses, the widening of the growth plates, and splaying, irregularity
and fuzziness of the metaphyses
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Treatment

Vitamin D deficiency rickets responds rapidly to vitamin D supplements or adequate UV radiation.
Thus radiographic changes, and hypocalcaemia and elevated alkaline phosphatase levels may nor-
malise during the summer months in children living in countries of high latitude [149]. Vitamin D
deficiency rickets is most frequently treated with oral vitamin D2 or D3 at doses ranging from 2000 to
10,000 IU/d for 8–12 weeks [150]. Response to therapy may be assessed by an improvement in
serum calcium or phosphorus values within 2–3 weeks, while radiographic signs of healing may be
seen within a month [146]. Elevated alkaline phosphatase values may persist for several months after
the commencement of therapy. Bony deformities as a result of both vitamin D deficiency and dietary
calcium deficiency rickets improve in the majority of patients following therapy, although the lower
limb deformities of genu valgum and varus tend to respond better in the younger than older child.
Improvement in the deformities may take many months to occur, so parents should be advised that
patience is required for improvements to be seen. Residual deformities may require orthopaedic
corrective surgery.

A single large dose of oral or parenterally administered vitamin D (150,000–600,000 IU) has been
found to be useful in situations where patient compliance may be problematic. Healing occurs more
rapidly than when smaller daily doses of vitamin D are administered, and no evidence of symptomatic
hypercalcaemia has been noted if doses between 150,000 and 300,000 IU are used [151]. Concerns
have been expressed about the use of 600,000 IU, especially in young children, and care givers
should be cautioned about the dangers of hypervitaminosis D if these large doses are used more
frequently than recommended by the health professional [152].

In most low-income countries and in certain situations in industrialised countries, vitamin D
deficiency is frequently associated with low dietary calcium intakes, thus it is prudent to provide
calcium supplements at the same time as correcting vitamin D deficiency as response to therapy is
more rapid [67, 153]. A daily supplement of 50 mg/kg/d of elemental calcium for several months is
recommended.

Where dietary calcium deficiency is suspected to be the primary aetiological factor in the
pathogenesis of the disease, as in Nigeria or Bangladesh, or in older children in South Africa, children
have been shown to respond rapidly to calcium supplements alone (1000 mg/d) [67], however unless
the measurement of 25(OH)D concentrations are readily available, it is appropriate to combine the
calcium supplements with vitamin D therapy [79]. Vitamin D alone is less effective than either
calcium alone or a combination of calcium and vitamin D in these situations [67, 154].

Prevention

Since the discovery of vitamin D over 80 years ago, cheap and effective means of preventing vitamin
D deficiency rickets have existed, yet despite this, rickets prevention has not been universally
effective as has been highlighted by the resurgence of rickets in certain communities in the USA and
Europe and its still common occurrence in many low–middle income countries.

Several different approaches were taken to address the high prevalence of rickets that existed in
children living in temperate climates at the turn of the last century. In the USA and Canada, forti-
fication of all dairy milk and infant milk formulas with vitamin D (*400 IU/litre) has dramatically
reduced the prevalence of the disease. However the promotion of exclusive breastfeeding for the first
six months of life, the greater use of sunscreens and the advice to avoid direct sunlight in the early
months of life are all thought to have increased the risk for developing rickets in young children. In
the United Kingdom, vitamin D fortification of a number of foods including milk took place in the
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middle of the last century, but because of a suspected (but not proven) link to an apparent increase in
distal renal tubular acidosis, this practice was discontinued, although margarines and a few cereals
remain fortified.

The US Institute of Medicine and Endocrine Society’s Clinical Practice guidelines recommend that
all infants and children aged 0–1 year receive at least 400 IU/d and children aged 1 year and older
have an intake of 600 IU/d to maximise bone health [155, 156], which is higher than generally
recommended intakes by other international organisations, such as the FAO/WHO. The increase is as
a result of the IOM being conscious of the recommendations for no direct sunlight exposure in young
infants and limited sunshine in older children, and to ensure that the recommended serum 25(OH)D
levels are achieved. The possible role that vitamin D plays in other physiological actions besides its
well-recognised central role in calcium homeostasis [157], has raised concerns that the recommen-
dations of the Institute of Medicine may be insufficient to optimise the many functions that vitamin D
might have. However, it is unclear at what levels of 25(OH)D these other functions are optimised
[158], and future research needs to focus on the different requirement levels for vitamin D in relation
to the non-skeletal actions of vitamin D.

In the United Kingdom, vitamin D supplementation of all infants is recommended, with at-risk
older toddlers and children, defined as infants born to mothers who are vitamin D deficient,
dark-skinned and who for religious or social customs limit skin exposure to sunlight, receiving
supplementation. Many paediatricians believe that vitamin D supplementation should be routine for
all infants [159] and for all at-risk children who do not get sufficient sunlight exposure because of
clothing, religious or social customs or who have increased skin pigmentation. In areas where at-risk
communities are in the majority, routine vitamin D supplementation to pregnant mothers and children
under 5 years of age has been shown to be effective in reducing the incidence of rickets [160].

Certainly more attention must be paid to pregnant women in many countries. There is indeed a
greater awareness of the role that maternal vitamin D deficiency plays in exacerbating the devel-
opment of vitamin D deficiency and rickets in infants, but it appears that healthcare professionals pay
little attention to the recommendation that dark-skinned mothers should be supplemented during
pregnancy [142]. High doses of vitamin D (4000-6400 IU) taken by lactating mothers maintains the
vitamin D status of the mother–infant pair, without the need for supplementing the infant [161],
however insufficient long-term information on the safety of such high doses is available. Thus, these
doses cannot be recommended until further large scale trials have been conducted to assess safety to
both the mother and breastfeeding infant.

Education programmes to promote vitamin D supplement consumption targeting at-risk com-
munities have met with some success, but the messages need continual reinforcement and a champion
within the health sector to ensure that health professionals comply with the recommendations.

The prevention of rickets in low income countries is even more problematic than in high-income
nations. The enormous burden of infectious diseases (including HIV), malnutrition and poverty
means that little attention is paid by health authorities to the problem of rickets, especially when
health resources are severely curtailed. In these countries too rickets is more likely to be due to a
combination of vitamin D deficiency and low dietary calcium intakes, as once breastfeeding ceases
the diets are typically devoid of dairy products.

Several studies have reported the effectiveness of intermittent large doses of vitamin D orally or
parenterally. In areas where parental compliance or regular vitamin D supplies may be problematic,
the use of vitamin D 100,000 IU every three months has been shown to maintain normal serum 25
(OH)D levels [162]. Doses higher than this have resulted in markedly elevated levels of 25(OH)D and
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occasional episodes of hypercalcaemia. Further studies are required to see if intermittent doses can be
linked to the Extended Programme of Immunization or to high dose vitamin A administration in
countries where the prevalence of rickets in infants is high (e.g. China, Mongolia, Ethiopia and the
Middle East).

Food fortification is a strategy that should be considered in those countries where the majority of
the population has or is at risk of low vitamin D status. Careful consideration needs to be given not
only to the foods that should be fortified to reach the at-risk communities in a particular country, but
also to levels of fortification, and the legislation needed to control and monitor such a fortification
policy. Innovative techniques may need to be used in low income countries where subsistence
farming may reduce access of the most vulnerable to customary fortified foods. Some examples of
targeted fortified foods are the fortification of chapattis in the UK to target the immigrant Asian
community, laddoos in a trial in India to target children at school, and milk and margarine in
high-income countries to target the general population.

Dairy products are expensive and often not accessible in many low income countries, thus national
or community programmes to increase calcium intakes in children who have been introduced to
complementary foods may be difficult as there are few cheap and acceptable alternative foods high in
calcium. In countries or areas where dried fish is available, this can be ground with the bones and may
provide an acceptable condiment to be added to porridge [163]. Powder limestone, added to porridge,
has also been shown to be an effective way of treating children with rickets [154]. The addition of
limestone to corn in the manufacture of tortillas markedly improves calcium intakes in populations in
Central America, and is an accepted part of the diet. Similar food additions to staples should be
experimented with in other low income countries, where dietary calcium intakes are low and asso-
ciated with rickets.

Future Directions

The control of rickets in low income countries is dependent on the control of poverty and over-
crowding and the development of effective primary health care facilities and programmes for early
treatment and preventive supplementation. Further, dietary diversification is an important aspect of
the improvement of calcium intakes. Improvement in vitamin D intakes requires that food fortification
becomes a reality, and that the foods are consumed by at-risk groups. In areas where social or
religious customs can result in inadequate sunlight exposure for pregnant and lactating mothers and
their young infants, attention must be paid to ensuring an adequate vitamin D status of pregnant
women through the provision of vitamin D supplements during antenatal care. Health promotion and
education programmes should highlight the ease of combating vitamin D deficiency and the pre-
vention of long-term morbidity through ensuring adequate sunlight exposure and/or vitamin D
supplementation.

International bodies must highlight the continuing morbidity and mortality associate with nutri-
tional rickets in many low income countries and attention must be paid to placing programmes for the
prevention of the disease on the world health agenda.

Although a lot is known about the pathogenesis and treatment of nutritional rickets, there are still a
number of unanswered questions concerning the interrelationship between environmental and genetic
factors which may predispose individual children to the development of rickets. For instance in
Nigeria, dietary calcium intakes of children with and without rickets have been found to be similar
[65], yet the disease in affected children is cured by the provision of calcium supplements alone.
These findings suggest that other genetic or environmental factors may play a role in the patho-
genesis. Some 30 years ago, Greek researchers suggested that there was a genetic component to the
predisposition for the development of vitamin D deficiency rickets [164], and more recently work
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from the USA points to increased catabolism of vitamin D in Asian Indians compared to whites living
in the same country [165], possibly indicating genetic differences and a predisposition to develop
vitamin D deficiency.

Conclusions

Despite cheap and effective means of both treating and preventing nutritional rickets, the disease
remains a major cause of infant and young child morbidity and mortality in several low–middle
income countries across the world. Rickets continues as a public health problem in low–middle
income countries lying at high latitude in the temperate zones, while in the Middle East and some
other countries, religious customs often prevent adequate sunlight exposure not only in young infants
but also in adolescent children and pregnant women. In other tropical countries, increasing evidence
is accumulating which indicates that low dietary calcium intakes by themselves or in synergy with
relative vitamin D deficiency exacerbate and promote the development of the disease.

Effective prevention programmes are not in place in most low-income countries, thus there needs
to be a concerted effort from international agencies to ensure that rickets is placed on the health
agenda of these countries. Innovative food fortification strategies, for example of vegetable oil,
together with vitamin A, should be considered as a sustainable approach to improving the vitamin D
status of at-risk populations. Treatment of most patients with rickets can be effectively managed using
daily vitamin D supplements for several months; however consideration should be given to the use of
single large doses of vitamin D in those situations where compliance might be problematic. In all
cases, attention should be paid to ensuring an adequate dietary calcium intake during treatment.
A recent global consensus statement by concerned child health professionals has highlighted the need
for a global effort to prevent and eradicate nutritional rickets [166].

Future Research Needs

• There are still a number of unanswered questions concerning the interrelationship between
environmental and genetic factors which may predispose individual children to the development
of rickets as highlighted by those children in Nigeria with rickets who respond to calcium therapy
and yet, prior to treatment, had similar dietary calcium intakes and vitamin D status as age
matched community controls.

• Further studies are required to assess if intermittent doses of vitamin D can be linked to the
Extended Programme of Immunization or to high dose vitamin A distribution in countries where
the prevalence of rickets in infants is high. To ensure maternal vitamin D sufficiency, studies need
to assess the most appropriate means of vitamin D delivery to pregnant women to optimise
compliance.

• There needs to be a concerted effort from international agencies to ensure that rickets is placed on
the health agenda of those countries where rickets incidence remains high. Further research is
needed to determine how effective prevention programmes for rickets can be established in low–
middle income countries where the risk of vitamin D deficiency and dietary calcium deficiency are
high.

• Before recommendations can be made about how to ensure appropriate 25(OH)D concentrations
to optimise the possible non-skeletal actions of vitamin D, further well-designed studies are
required to support the suggested role of vitamin D in the prevention of non-skeletal diseases, such
as cancer and diabetes.
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Discussion Points

• Why do rickets prevention programs need to understand the biochemical synthesis of vitamin D
when planning, implementing and evaluating their impact?

• How do sociocultural factors have to be taken into account when developing nutrition specific and
nutrition sensitive approaches to rickets prevention?

• Why may different approaches need to be used to prevent rickets in different parts of the word?
• Why could vitamin D be considered a neglected nutrient deficiency and what would be the reasons

for this description?
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Chapter 14
Essential Fatty Acids

Esther Granot and Richard J. Deckelbaum

Keywords Essential fatty acids � DHA � EPA � Arachidonic acid (AA) � Alpha-linolenic acid
(ALA) � Polyunsaturated fatty acids

Learning Objectives

• Review the role that essential fatty acids should have as part of nutrition interventions for low- and
middle-income countries

• Identify the dietary sources for essential fatty acids and their conversion to other n-3 and n-6 fatty
acids

• Describe how essential fatty acids are associated with birth outcomes
• Explain the mechanisms for how essential fatty acids are associated with chronic diseases
• Describe how dietary requirements for essential fatty acids can be determined.

Introduction

Essential polyunsaturated fatty acids, of both the n-3 and n-6 series, play a critical role in a myriad of
complex biologic and metabolic pathways. They thereby affect various processes relevant to human
health and disease throughout the life course, from fetal and infantile neurodevelopment to immune
modulation, with an impact on diverse conditions as asthma, rheumatoid arthritis, inflammatory
bowel disease, and atherosclerosis.

This review focuses on basic science research and clinical/epidemiological studies relating to
essential polyunsaturated fatty acids, with an emphasis on areas of importance to developing coun-
tries, specifically those pertaining to mother and child health. Attempts to assess dietary requirements
of essential fatty acids and maintain their adequate intake during pregnancy, lactation, and early
childhood, in vulnerable middle- and low-income populations, will be addressed.
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Essential Fatty Acids and Their Metabolism

Essential polyunsaturated fatty acids (PUFA) cannot be synthesized in the body and must be ingested
in food. There are two series of essential fatty acids: omega 3 fatty acids characterized by a double
bond at the third carbon from the methyl end of the fatty acid and omega 6 fatty acids which have a
double bond at the position of the sixth carbon from the methyl end.

The n-3 fatty acids originate from synthesis in plants and algae. The main n-3 fatty acid consumed
is alpha-linolenic acid (ALA)(C 18:3 n-3). The major dietary source of two n-3 fatty acids, eicos-
apentanoic (EPA) acid and docosahexaenoic acid (DHA), is fish. The proportion of linolenic acid that
can be converted to the longer chain n-3 fatty acids EPA (C 20:5 n-3) and DHA (C 22:6 n-3) is very
low, estimated at less than 1% [1–4].

The main essential n-6 fatty acid present in diet, from which longer n-6 fatty acids are synthesized,
is linoleic acid (LA) (C 18:2 n-6). The longer chain-6 fatty acid arachidonic acid (AA) (20:4,n-6), is
also present in diet, but to a lesser degree. Linoleic acid can be metabolized to arachidonic acid
(C 20:4 n-6). Arachidonic acid is further metabolized, by chain elongation, via docosatetraenoic acid
(C 22:4 n-6) to tetracosapentaenoic acid (C 24:5 n-6). The metabolism of n-3 and n-6 fatty acids is
interrelated and uses the same enzymes for elongation and desaturation; high intakes of the n-6
linoleic acid inhibit the metabolism of the n-3 linolenic acid so that the conversion of linolenic acid to
DHA is decreased (Fig. 14.1).

In 1999 an NIH sponsored Workshop on the Essentiality of the Recommended Dietary Intakes for
n-6 and n-3 Fatty acids [5] emphasized the importance of decreasing n-6 PUFA in face of an increase
in dietary n-3 PUFAs, in order to reduce adverse effects of excesses of AA and its eicosanoid products

Biosynthesis of n-6 and n-3 Fatty 
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Fig. 14.1 Schematic illustration of major n-3 and n-6 fatty acids derived from linoleic acid and alpha-linolenic acid.
Adapted from Marszalek and Lodish [99]
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that can occur when too much linoleic acid and AA are present in the diet. Linoleic acid converts to
AA via the enzyme D-6 desaturase, which is the same enzyme necessary to desaturate alpha-linolenic
acid, the parent compound of the n-3 class.

Traditionally human diets contained almost equal amounts (1–2:1) of n-6 and n-3 fatty acids. Over
the past 100–150 years there has been a decrease in n-3 FA intakes and an enormous increase in
consumption of n-6 FA, due to intake of vegetable oils from corn, sunflower seeds, safflower seeds,
and soybeans. In Western diets the n-6/n-3 ratio is estimated at 15:1–16:1 but can reach as high as
20–30:1 [6–8].

Reducing the large amounts of dietary n-6 LA (present in corn, safflower and soybean oils) or
increasing dietary ALA will better balance n-6/n-3 ratios. The known competition between the two
pathways of essential fatty acids is very difficult to untangle biologically and it is not known in what
proportions C20 & C22 unsaturated long-chain fatty acids will be produced from different dietary
mixtures of linoleic and alpha-linolenic acids.

Polyunsaturated Fatty Acids and Immunomodulation

Polyunsaturated fatty acids are basic constituents of phospholipid membranes and affect membrane
structure and fluidity. They are also precursors of eicosanoids (prostaglandins, prostacyclins,
thromboxanes, and leukotrienes) via which they exert an effect on the immune response. PUFA also
modulate nuclear receptors and intracellular enzyme activities. Leukotrienes derived from AA via the
lipoxygenase pathway stimulate production of proinflammatory cytokines, and the prostanoids
derived from AA via the cyclooxygenase pathway promote vasoconstriction and aggregation of
thrombocytes. EPA competes for the same initial enzymes in the lipoxygenase and cyclooxygenase
pathways leading to inhibition of eicosanoid synthesis from AA. Thus, n-6 FA are expected to shift
the physiologic state to one that is proinflammatory and prothrombotic while n-3 FA are expected to
result in production of eicosanoids that posses more anti-inflammatory, antithrombotic, and vasodi-
lation properties [9].

PUFA are incorporated into membrane phospholipids, specifically in distinct micro domains of the
plasma membrane which are known as lipid rafts. Lipid rafts play a critical role in signal transduction;
PUFA regulate gene expression either directly by interaction with nuclear receptors as the peroxisome
proliferators-activated receptor (PPAR) and liver X receptor (LXR), or indirectly via pathways ini-
tiated at the plasma membrane such as T cell receptors of Toll—like receptors. The effects of PUFAs
on various nuclear receptors are receptor-specific and fatty-acid-specific. PUFAs which activate
PPARc inhibit expression of proinflammatory cytokines. Conversely, as LXR agonists exert an
anti-inflammatory effect via inhibition of COX2 and IL6, PUFAs that inhibit the LXR, would be
expected to have a proinflammatory effect [10, 11]. n-3 fatty acids, in contrast to saturated fatty acids,
have been shown to decrease endothelial lipase which is one of the lipases synthesized and secreted
by macrophages [12]. In mice, endothelial lipase deficiency is associated with a decrease in
atherosclerotic lesions. PPARc, highly expressed in macrophages—derived foam cells in
atherosclerotic plaques is regulated by EPA, leading to a decrease in endothelial lipase and a parallel
decrease in proinflammatory markers and increase in anti-inflammatory markers [12].

Recently, novel di- and trihydroxy-containing n-3 fatty acid-derived mediators have been defined.
These mediators named resolvins and protectins are of importance in terminating a state of inflam-
mation. The noninflamed state is described not as a passive process but rather as an actively regulated
program of resolution [13, 14].
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Associations Between N-3 and N-6 PUFA Dietary Intakes and Disease

Various epidemiological studies link a high dietary n-6/n-3 ratio with an increased risk of cardio-
vascular diseases, diabetes, asthma, autoimmune disorders, and even cancer suggesting that a
Western-type diet based on a high dietary intake of n-6 FA can have detrimental effects [8]. Adopting
a Western diet has been shown to be associated with increased morbidity from noncommunicable
diseases—some examples are reviewed below.

Noncommunicable Diseases

Raheja et al. [15] reported a sharp increase in the prevalence of non-insulin-dependent diabetes
mellitus and coronary artery disease among the upper socioeconomic classes in India after they
adopted diets high in total fat and with high n-6/n-3 ratios. Indeed, in Japanese women a low
incidence of breast cancer has been observed among those women who conserved their traditional
diet which contains fats derived mainly from marine sources rich in n-3 PUFA. Similarly, Greenland
Inuits have a very low incidence of breast cancer, cardiovascular diseases, and autoimmune disorders
despite their relatively high fat diet, presumably because of its high n-3 FA content [8, 16, 17].

While results are mixed, administering of n-3 PUFA as fish oil or as individual or a combination of
n-3 FA, in different ratios and amounts, has been studied in the prevention and control of a multitude
of disease states including CHD, hypertension, type II diabetes, rheumatoid arthritis, renal disease,
inflammatory bowel disease, asthma, multiple sclerosis, depression, schizophrenia, and Alzheimer’s
dementia [18, 19].

Increased dietary amounts of n-3 FA have proven beneficial in the secondary prevention of
cardiovascular disease; a ratio of 4:1 was associated with a 70% decrease in total mortality [20, 21].
Yet, despite other studies in cardiovascular patients demonstrating beneficial effects of n-3 FA
supplementation [22], a systematic review of 48 RCT and 26 cohort studies reached the conclusion
that the positive effects of n-3 FA supplementation is nonsignificant [23]. Indeed, more recent, large
intervention studies with marine n-3 fatty acids failed to replicate earlier findings of reduced car-
diovascular mortality in at-risk patients [24, 25]. Attempts to reconcile these conflicting data
emphasize different background intakes of the different n-6 and n-3 fatty acids in the different
populations studied, sample size differences, timing of initiation of the n-3 fatty acid supplements, and
the relative amounts of EPA versus DHA used [26].

Asthma

Population studies in Australia showed that regular fish intake was associated with a 50% reduction in
asthma prevalence and increased airway responsiveness [27] and that children whose parents reported
eating oily fish have significantly less asthma [28]. Yet, the effect of n-3 FA is likely complex—in
patients with asthma, an n-6/n-3 ratio of 5:1 was linked to a beneficial effect whereas a 10:1 ratio had
adverse consequences [29]. In a Japanese study of 6–15-year olds, which compared 1673 asthmatics
versus 22,109 healthy children, increased fish intake (1–2/week) was associated with a significantly
higher prevalence of asthma [30]. However, a review of 9 RCT (in both children and adults) com-
paring n-3 FA supplementation for at least 3 weeks versus placebo found no convincing evidence
regarding the ability of n-3 FA to improve asthma symptoms [31]. These differences might be related
to different baseline n-3 (or n-6) intakes in different populations.
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Other Conditions

Studies on the effect of n-3 FA on ADHD, autism, and related disorders similarly yielded conflicting
results [32, 33] but given their relative safety and general health benefits n-3 FA are considered as a
promising complementary approach to standard treatments [34].

Similarly, when assessing benefit of n-3 PUFA supplementation in rheumatoid arthritis patients
(on pain, swollen joints, laboratory parameters of disease activity), in over 19 RCTs, results are
inconsistent, but in some studies patients did show a definite improvement in clinical findings and
laboratory parameters [35, 36].

In cancer patients there is limited data regarding benefits of n-3 FA. A dietary ratio of n-6/n-3 of
2.5:1 reduced rectal cell proliferation in patients with colorectal cancer but interestingly, no beneficial
effect was observed with the same amount of n-3 but when the ratio of n-6/n-3 was maintained at 4:1
[37, 38]. A recent review highlighting controversies relating to dietary fatty acids in disease [39]
addressed the contradictory studies relating to the effect of fish oil and fish oil fatty acids on lung
cancer and the conflicting data on the association between plasma phospholipids fatty acids and
prostate cancer [40, 41]. An association has been reported between higher blood n-3 fatty acids and
increased cancer prostate cancer risk [42, 43]. Yet, a meta-analysis of eight prospective studies
concluded that intake of marine n-3 fatty acids is not associated with prostate cancer development
[44]. Currently, there is insufficient evidence for establishing any relationship of PUFA consumption
with cancer.

It is noteworthy that results of different trials are not consistent, likely as amount and type of PUFA
used are not uniform and include different dietary fish, fish oils and/or flaxseed oil, rapeseed oil,
primrose oil and EPA, DHA and ALA in variable doses and ratios and for different time periods. As
the conversion of ALA to EPA and DHA is highly inefficient, the beneficial effect of rapeseed or
flaxseed oil may result from the ALA itself. The potential, independent immunomodulatory effects, if
any, of ALA are yet to be determined [45]. Furthermore, optimal doses or combinations of n-3 fatty
acids, or perhaps optimal n-6/n-3 ratios or absolute amounts of n-6 FA and n-3 FA, may be disease
dependent so that in future treatment should be tailored to the specific disease/condition and even to
its degree of severity.

Effect of N-6 and N-3 Fatty Acids in Pregnancy, Lactation, and Infancy

DHA is deposited in appreciable amounts in the central nervous system during the perinatal brain
growth spurt with fetal DHA accretion during the third trimester of gestation estimated at
45–60 mg/day. It is noteworthy that AA accretion occurs mainly postnatally.

Dietary fat intakes and specifically intakes of AA and DHA are important during pregnancy and
early infancy, affecting pregnancy outcome, fetal growth, and infants’ neural maturation and retinal
function [46–50]. In a study encompassing 11,875 pregnant women, low maternal sea food con-
sumption was found to be associated with offspring achieving lower social scores, decreased fine
motor skills, and higher risk of IQ scores at the lowest quartiles [51]. Observation and intervention
studies involving pregnant and lactating women and infants-fed DHA-supplemented formulas show
that a greater intake of DHA is associated with better scores on tests of visual and neural development
in infancy and early childhood [4, 52].

Although the fractional conversion of ALA to n-3 long-chain PUFAs may be greater in women
than in men, it is limited and cannot meet the increased demands for DHA which must therefore be
met by an increase in dietary DHA intake. The recommended daily allowance of DHA during
pregnancy and lactation is 300 mg/day [5] with women urged to aim at an intake of at least
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200 mg/day [53]. This desired intake can be reached with the consumption of one to two portions of
fish per week, of which tuna, herring, mackerel, salmon, and trout are those richer in EPA and DHA.
As for AA, plasma and tissue content is relatively stable and not influenced by the dietary intake of
preformed AA. There is no indication that women of childbearing age with an adequate dietary intake
of the precursor fatty acid, linoleic acid, need an additional supply of AA [53]. Most pregnant women
do not meet the recommended dietary intake of DHA. In a survey of pregnant Canadian women mean
DHA intake was only 82 ± 33 mg/day and in 90% of low-income Midwest American women intake
was far below 300 mg/day [54, 55].

Levels of maternal DHA decline with multiple pregnancies; levels have been shown to be sig-
nificantly less in multiparous compared with primiparous mothers and when pregnancies are closely
spaced [56]. Low consumption of fish has been linked to a higher percentage of preterm deliveries
[57, 58] and the effects of n-3 long-chain PUFA supplementation (150–1200 mg of DHA daily or up
to 2.7 gr total n-3 long-chain PUFA), in pregnant women, on length of gestation and birth weight
have been evaluated. In a number of trials a slight increase in birth weight, and length of gestation
coupled with a reduced risk of preterm delivery, were observed [59–61].

One of us (E.G) recently studied the effect of 400 mg/day of DHA supplementation starting after
the 12th week of gestation in multiparous mothers with all of them in at least their third pregnancy
(40% in their fifth–seventh pregnancies). Gestational length and infants’ birth weight, in the
DHA-supplemented group were compared to a non-supplemented control group and were also
compared within groups to the mothers’ previous pregnancies. DHA supplementation did not have
any effect on the infants’ birth weight. However, an effect of DHA supplementation on length of
gestation was observed in highly multiparous mothers, those with six or more pregnancies [62].

Long-Chain Polyunsaturated Fatty Acids in Human Milk

Maternal dietary intake of DHA affects levels of DHA in breast milk. In a study comparing the
composition of long-chain PUFAs in diet and breast milk of Chinese women from a rural area and
Swedish women residing in Stockholm the Chinese diet was found to contain more linoleic acid and
less AA, EPA, and DHA than that of Swedish mothers [63]. These dietary differences were mirrored
in breast milk fatty acid composition; the ratio of AA to DHA was 3.1 in the Chinese women’s breast
milk and 1.6 in that of Swedish mothers [63]. A comparison of breast milk fatty acid composition of
Chinese women residing in five different geographical regions demonstrated a highly variable AA to
DHA ratio (g/g) with mean levels of 2.77 in inland areas to 0.42 in coastal/sea areas [64]. In a
meta-analysis that considered 65 studies encompassing 2474 women worldwide, breast milk fatty
acid composition demonstrated mean DHA concentrations (% of total fatty acids) of 0.32 ± 0.22
(range 0.06–1.4%) and mean AA concentrations of 0.47 ± 0.13(% of total fatty acids) (range 0.24–
1.0%). The mean ratio of AA to DHA in breast milk, even within the same geographical region,
varies widely. The highest breast milk DHA concentrations were observed primarily in coastal
populations and were associated with marine food consumption [65]. Populations with the highest
breast milk DHA concentrations, in the range of 0.6–1.4%, included women from Japan, Philippines,
Congo, Sweden, Dominican Republic, and Canadian women residing in arctic regions. All of these,
with the exception of Congo, are coastal or island populations. In Congo, proximity to lakes and
rivers likely results in high dietary fish intake. The lowest DHA levels were noted in breast milk
samples from Pakistan, rural South Africa, Canada, the Netherlands, and France with DHA levels in
the range of 0.06–0.14% [65]. These populations reside inland or are from developed countries, both
of which are usually associated with low marine food consumption. Indeed, in Chinese women
residing in the coastal regions of China breast milk mean DHA levels are 2.78% of total fatty acids
whereas levels were only 0.68% in breast milk of Chinese women residing in inland rural areas of
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China [64]. Notably, the concentration of AA in breast milk samples is much less variable than that of
DHA. Based on these studies, the best estimates of worldwide mean breast milk AA and DHA
concentrations (% of total fatty acids) are 0.47 for AA and 0.32 for DHA [65].

The amount of AA and DHA in infant formulas is currently based on these mean breast milk
levels, with a ratio of AA/DHA of 1–1.5:1, thereby aiming to have infant formulas which simulate the
essential fatty acid composition of human milk. The recommended DHA level in infant formulas is
0.2–0.5% of fatty acids with the amount of AA being at least equal to the DHA level. The total fat
content in most infant formulas is 4.4–6.0 g/100 kcal, equivalent to *40–54% of energy content.

The comparison of levels of AA and DHA in mature and premature human milk is of special
interest as both play a pivotal role in brain development and visual function maturation. The critical
period of placental transfer of these fatty acids is believed to be in the third trimester of pregnancy. It
has been estimated that approximately 45–60 mg of DHA per day accrues in the fetal brain during
this time period [47, 49]. Thus, in infants born prematurely depleted DHA stores, coupled with
limited ability to synthesize long-chain PUFAs [4] and enhanced needs due to accelerated growth,
places them at high risk for ARA and DHA deficiency.

Long-chain PUFAs and especially DHA are preferentially transported across the placenta to the
developing fetus and accumulate extensively in the fetal brain during the last trimester of pregnancy.
Thus, infants born prematurely are at a disadvantage as their body stores of long-chain PUFAs are
limited while at the same time requirements for fatty acid deposition in their rapidly growing tissues
are high [66]. After delivery, endogenous long-chain PUFAs synthesis is relatively low and supply of
long-chain PUFAs to the breast-fed infant depends on the amount of these fatty acids in breast milk.

Human milk fatty acid composition is influenced by factors such as maternal parity, maternal diet,
and stage of lactation. As infants born prematurely have increased requirements for long-chain
PUFAs, it is of interest to determine whether human milk fatty acid composition is also influenced by
duration of pregnancy. To date, studies on long-chain PUFAs content in milk of mothers who gave
birth to preterm infants have yielded conflicting results [67–70].

One of us (E.G) recently compared fatty acid composition in human milk of mothers giving birth
to full-term and preterm infants. In the mothers of preterm infants, breast milk fatty acid composition
was also studied during the first 2 weeks after delivery [71]. This study did not observe differences in
the proportion of either AA or DHA nor did these levels increase, in breast milk of mothers giving
birth to preterm infants during the 2 weeks post delivery period studied. Furthermore, even in the
“very small” premature infants (26–30 weeks gestation), included in our study, mothers’ breast milk
AA and DHA levels did not differ from mean levels in breast milk of mothers giving birth to full-term
infants. Thus, the results of this study are in accord with the studies by Luukkainen [68] and Kovacs
[70] showing that breast milk of mothers of preterm infants does not compensate for the special needs
and increased requirements for long-chain PUFAs, which result from prematurity. Optimal daily
amount of AA & DHA required by the premature infant should be defined so one can determine if
there is a need to add essential fatty acids not only to infant formulas but also to supplement
breastfeeding mothers.

Breastfeeding confers protection against infections during infancy. Breast-fed infants have an
enhanced local humoral immune response, resulting in a lower prevalence of gastrointestinal and
respiratory tract infections than in formula—fed infants [72, 73]. Exclusive breastfeeding for the first
few months has also been suggested to be protective against the development of atopic disease [74].
Immunoglobulins, lymphocytes, proteins like lactoferrin and lysozyme, which are present in breast
milk, play a specific immunologic role.

Another component, which may be of high importance to maturation and function of the immune
system, is the fatty acid pattern of dietary milks. Human milk contains long-chain PUFAs (20–22
carbons) of both n-3 and n-6 class which constitute *2% of total fatty acids and which are unde-
tectable in unsupplemented formulas prepared from vegetable oils. The type of dietary milk which
infants consume results in changes in the fatty acid pattern of cell membrane phospholipids [75].
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As the ratio of arachidonic acid-derived eicosanoids and those derived from n-3 fatty acids has
been suggested to play a role in immune modulation [76, 77] we designed a study to assess whether
the beneficial effects of breast milk on the immune response might be related to its essential fatty acid
composition. We measured RBC membrane fatty acid composition, as a surrogate marker for WBC
membrane fatty acid composition, by gas–liquid chromatography in breast-fed and non-supplemented
formula-fed, 2–4 month old, infants. Release of the proinflammatory cytokines IL-1 and TNF was
measured in whole blood culture in bacterial endotoxin stimulated and nonstimulated cells.
Significant differences were observed in cell membrane fatty acid composition between breast-fed and
formula-fed infants; breast-fed infants had a significantly greater percentage of n-3 fatty acids and
specifically a twofold greater level of DHA than infants fed a non-supplemented formula, with similar
membrane levels of AA and % total n-6 fatty acids. Despite differences in cell membrane fatty acid
composition, the release of proinflammatory cytokines by immunocompetent cells did not differ
between breast-fed and formula-fed infants [78]. Although our study failed to prove our hypothesis
that increased mononuclear cell membrane DHA levels would likely reduce cellular production of
proinflammatory cytokines, it was credited for providing “a new glimpse into neonatal nutrition and
its effects on the immune response” [79].

Various parameters relating to the immune response have been compared in infants-fed human
milk, infants-fed non-supplemented formulas, and infants-fed long-chain PUFAs-supplemented for-
mulas. Infants receiving long-chain PUFAs fortified formula showed an increase in the proportion of
activated “memory” CD4 and CD8 cells [80], but no changes were observed in older children
receiving AA and DHA for a 7-month period [81].

In vitro and in vivo studies in animals and humans have demonstrated that long-chain PUFAs
reduce release of the proinflammatory cytokines IL-2 TNFa and IFNc from mononuclear cells
[82–84], although other researchers did not observe any change in IFNc release following long-chain
PUFAs supplementation [81].

As maternal DHA levels decline with multiple, closely spaced pregnancies we questioned whether
DHA supplementation during pregnancy and lactation, in a population with a high percentage of
multiparous mothers would affect the immune response of their infants, solely breast-fed up to the age
of 4 months [85]. DHA supplementation did not exert an effect on the humoral immune response and
infants in both groups did not differ in levels of immunoglobulins of IgG, IgM, and IgA classes and
the specific antibody response as reflected by measuring the titer of antibodies to HBsAg after two
doses of vaccine (at 2 days and at 1 month of age) was similar in both groups.

Infants in the DHA-supplemented group had a similar number of CD4 cells as the
non-supplemented group but the number of CD8 cells was significantly reduced (CD4/CD8 ratio 2.6
in DHA-supplemented infants as compared with 1.9 in the non-supplemented group). Of CD4 cells
the fraction of CD45RA+ cells, representing naïve helper cells, was significantly higher in the
DHA-supplemented group and the proportion of CD8 + CD45RO + activated cells was significantly
higher, constituting 35% of CD8 cells as compared with 16% in the non-supplemented group. In both
CD4 & CD8 cells the production of IFNc was found to be markedly lower in lymphocytes of the
infants in the DHA-supplemented group [85].

Thus, in our study DHA supplementation during pregnancy and lactation did not result in changes
in the infants’ humoral immune response, as assessed by levels of antiHBs antibodies and total
immunoglobulins, but did affect lymphocyte subset profile and cytokine production. A lymphocyte
profile with a higher percentage of CD4 naïve cells and decreased IFNc production in both CD4 &
CD8 cells is likely compatible with attenuation of a proinflammatory response. The clinical impli-
cations of the changes observed in cellular immune response are as yet speculative and whether
supplementation of DHA to breast feeding mothers confers an advantage to their infants remains to be
elucidated.
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Essential Fatty Acid Requirements in Healthy Infants, Children,
and Adults

The Joint FAO/WHO Expert Consultation on Fats and Fatty Acids, Geneva 2008, recommended that
total n-3 FA intake range between 0.5 and 2.0% of total energy with a minimum dietary requirement
of alpha linoleic acid being 0.5% energy [86]. For adult males and nonpregnant, nonlactating females
0.25–0.5 g/day of EPA plus DHA, together, is recommended, with insufficient evidence to set a
specific minimum intake of either EPA or DHA alone; both should be consumed. For pregnant and
lactating mothers the minimum intake, for both their own optimal health and that of the fetus and
infant, is 0.3 g/day of EPA&DHA of which at least 0.2 g/day should be DHA [86]. As for n-6 FA
there is no sufficient data for establishing a precise quantitative estimate of the LA requirement
needed in order to prevent deficiency. An adequate intake of LA of 2–3% of energy is proposed.
Arachidonic acid is not essential for a healthy adult whose habitual diet provides LA at an amount
that is at least 2.5% of total caloric energy supply. There is as yet no compelling scientific evidence
upon which to base recommendations regarding specific ratios of dietary n-6 FA to n-3 FA or ratio of
LA to ALAs [86, 87].

The expert panel reiterated the recommendations that the minimum concentration of DHA in infant
formulas and baby foods should be 0.2% of total fatty acids and should not exceed 0.5% of total FA.
Levels of added AA should, at least, equal that of added DHA. The amount of EPA added should not
exceed the amount of DHA. For infants 0–6 months of age AA should be supplied in the diet within
the range of 0.2–0.3% E, based on human milk composition. For older infants (6–24 months of age),
the LA adequate intake range recommended is 3.0–4.5% of total caloric energy intake. Sources of
long-chain PUFAs during the first year of life include breast milk, infant formulas, or follow-on
formulas enriched with long-chain PUFAs and complementary foods such as eggs and fatty fish.
Highly refined oils from single-cell organisms (algae and fungi), eggs, or fish are appropriate as DHA
and AA sources for use in infant formulas and complementary foods [86].

Essential Fatty Acids and Specific Needs in Developing Countries

A special concern is the lack of data regarding dietary intake of PUFA in low and middle income
countries (LMICs). A recent review compiled information, from the few studies available, on the
content of PUFA in breast milk and in major foods using national food balance sheets from the United
Nations’ Food and Agriculture Organization Statistical Database (FOASTAT) for 13 LMICs [88].
This review indicated that breast milk DHA content is very low in populations living mainly on a
plant-based diet but is higher in fish-eating communities. Per capita supply of fat and n-3 FA increases
markedly with increasing gross domestic product (GDP). In most of the 13 countries surveyed,
70–80% of the supply of PUFA comes from cereals and vegetable oils, some of which have very low
alpha-linolenic acid content. In the nine countries with the lowest GDP, the total n-3 FA supply was
found to be below or close to the lower end of the recommended intake range (0.4% of energy
supply) for infants and children and below the minimum recommended level (0.5% of energy) for
pregnant and lactating women [88]. As breast milk is one of the best sources of alpha-linolenic acid
and DHA, breast-fed infants are less likely to be at risk of insufficient intakes than infants who are not
breast-fed. If needed, where maternal diets have insufficient n-3 intakes mothers can be given DHA
supplementation during pregnancy and lactation; this may be particularly of benefit when breast
feeding is continued for 2 years or more [89].

The issue of optimal infant nutrition, specifically of n-3 FA “fortified” foods is an area of interest,
with a special emphasis on the needs of infants and young children from low-income populations,
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with a high prevalence of malnutrition. The potential for small quantity lipid-based nutrient sup-
plements (LNS), i.e., 20 g/d providing <120 kcal/d to promote growth and development after
6 months of age, is currently being investigated. A recent study showed that infants receiving such
supplements do not reduce their intake of breast milk so that the beneficial effects of breast milk are
not concomitantly decreased [90, 91]. In infants who are 6 months of age, the introduction of
complementary feeding coupled with continued breast feeding is of special interest. Ensuring an
adequate intake of micronutrients, (including calcium, iron, zinc, B vitamins), fat-soluble vitamins
(vitamins A, D, E, and K), appropriate amounts of protein and fat, and specifically the recommended
allowance of EFA, is of major importance [92].

The Food and Agriculture Organization (FAO) reports that adequate intakes of ALA should be
0.4–0.6% of energy intake and that of LA 3.0–4.5% of energy intake, for children aged 6–23 months.
For children residing in LMICs, where the prevalence of underweight is high, essential fatty acid
recommendations based on percentage of daily energy intake would be expected to result in calcu-
lated lower recommended daily amounts of EFA than those of children in well-nourished populations.
Furthermore, the lower stores of EFA that these children likely have and the conversion of EFA to
longer chain derivatives, which is thought to be defective in malnourished children, should also be
considered [94–96]. Daily recommended intakes for EFA in LMICs should be adjusted accordingly
and not be based only on the children’s body weight as this would likely underestimate their needs
and increase the risk of inadequate intake and consequent nutritional deficiency. Yang and Huffman
[93] suggested that adequate requirements should therefore be calculated based on the WHO
Reference Growth Standards, of median body weights of children of similar age, thereby “correcting”
the lower estimated EFA in undernourished children.

Enhancing intake of alpha-linolenic acid through complementary plant food products (soy beans,
soy oil, canola oil, lipid-based supplements) is feasible but due to the low conversion rates of ALA to
DHA it may be more efficient to enhance DHA status by increasing fish consumption or DHA
fortification. An industry that specializes in farmed fish that are fed specific oils, and in the growing of
microalgae, on a large scale, can serve as adequate sources of EPA and DHA. Obtaining n-3 fatty
acids through genetically selected or modified plants is also being studied [97].

Fortification of foods with n-3 long-chain PUFA, specifically DHA, is of growing interest.
Designing products with these long-chain fatty acids for developing countries is especially chal-
lenging as they should be designed so as to address the nutritional needs of the target population and
to withstand environmental conditions that may affect the fatty acids’ stability and cause them to
undergo lipid peroxidation. Other concerns include palatability of fortified foods, and preparation of
appropriate formulations (powder, capsules, oils) according to the age group (infants, adults) for
which they are intended [98].

In order to achieve adequate intake of EFA worldwide recognition of their importance is needed.
Effective strategies to address adequate intakes should address the optimal balance of dietary LA and
ALA based on the metabolism of these fatty acids, determine the appropriate recommended intake for
different periods of life (pregnancy, infancy, early childhood), and allow for differences in require-
ments based on nutritional status. Still, more information is needed to recommend appropriate EFA
intake in populations with undernutrition.

Conclusion

Long-chain polyunsaturated fatty acids act as major mediators of processes relating to health and
disease throughout the life course both in developed and LMIC populations. Their role in fetal
and early infancy is critical and their intake has also been linked to major causes of morbidity and
mortality as cardiovascular diseases, diabetes, asthma, autoimmune disorders, and even cancer.
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The optimal intake of essential fatty acids at various milestones in life and whether intake should be
modified to account for the differing needs in LMICs and in less economically privileged populations
warrants further research.

Discussion Points

• What are the key mechanisms through which essential fatty acids affect health throughout the
lifespan?

• Describe the factors that affect the dietary requirements for essential fatty acids.
• How can changing dietary patterns in the world affect the essential fatty acid status of people

living in low and middle income countries?
• What role can essential fatty acids have as part of nutritional interventions in low and middle

income countries?
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Chapter 15
The Role of Human and Other Milks in Preventing
and Treating Undernutrition

Benedikte Grenov, Henrik Friis, Christian Mølgaard and Kim Fleischer Michaelsen

Keywords Milk protein � Whey � Lactose � Cow’s milk � Breastfeeding � Linear growth �
Undernutrition � Malnutrition � MAM � SAM
Learning Objectives

• To describe human milk and how breastfeeding benefits the child and the mother
• To outline the composition and importance of macronutrients and micronutrients of common milk

types in relation to undernutrition
• To summarize the influence of milk consumption on linear growth
• To describe the use of cow’s milk in prevention and treatment of undernutrition in vulnerable

groups (infants below 6 months, children above 6 months, pregnant and lactating women, adults
with HIV or tuberculosis)

• To discuss the optimal amount of milk ingredients in products used in treatment of severe and
moderate acute malnutrition.

Introduction

Mammals have the unique capacity of producing milk that contains all the nutrients and bioactive
compounds that are needed to support growth and development of their offspring during early life. In
humans, breastfeeding has been shown to have many beneficial effects, especially in low-income
countries with high rates of infections and undernutrition. The use of nonhuman milk for human
consumption and feeding of young children dates back to the time of animal domestication and later
breeding of animal species to obtain high milk yields. Today millions of people consume milk every
day and production and intake of milk is increasing rapidly worldwide especially in low- and middle

B. Grenov � H. Friis � C. Mølgaard � K.F. Michaelsen (&)
Department of Nutrition, Exercise and Sports, Science, University of Copenhagen,
Rolighedsvej 26, 1958 Frederiksberg, Copenhagen, Denmark
e-mail: kfm@nexs.ku.dk

B. Grenov
e-mail: bgr@nexs.ku.dk

H. Friis
e-mail: hfr@nexs.ku.dk

C. Mølgaard
e-mail: cm@nexs.ku.dk

© Springer Science+Business Media New York 2017
S. de Pee et al. (eds.), Nutrition and Health in a Developing World,
Nutrition and Health, DOI 10.1007/978-3-319-43739-2_15

337



income countries. This is facilitated by growing economies and urbanization. As an example, India
has increased the production of milk fourfold between 1963 and 2003 and today India is the largest
global producer of milk with approximately 16% of the global milk production [1]. The increased
milk production in India is mainly driven by small-scale dairy farms and may therefore contribute to
poverty reduction. However, the nutritional status of Indian children has not improved during the
same period and India still has some of the highest prevalence of underweight, stunting and wasting
globally [1]. This may be due to the fact that milk intake per capita is very low and the poorest
segments of the population do not have access to milk. Continued growth of dairy production is
expected due to economic growth and increasing purchasing power as well as increasing urbanization
and general population growth.

Cow’s milk is a key ingredient in products used for treating severe acute malnutrition (SAM) and
has been shown to be effective in preventing and treating undernutrition. Only a small fraction of the
global milk production is needed to prevent and treat moderate and severe acute malnutrition.

The key objectives of this chapter are described in box “28 Key Objectives.” Other health and
nutrition aspects of milk intake in relation to the healthy general population, such as non-communicable
diseases, milk hypersensitivity or allergy, and dental and bone health are not covered. A comprehensive
and broad description of the effects of milk and dairy products in human nutrition is given in a recent
book published by FAO [2], which also covers the effects in undernourished populations in low-income
countries.

Breastfeeding, the Composition of Human Milk
and Effects on Infant and Mother

The current WHO recommendations regarding breastfeeding are that newborn infants should start
breastfeeding within 1 h after delivery, be exclusively breastfed for about 6 months and thereafter
continue to be breastfed together with complementary food until the age of 2 years or beyond [3]. In
many high-income countries the recommendation is to continue partial breastfeeding only to about
12 months, as the evidence for beneficial effects during the second year of life is not strong in
high-income populations. However, there are large differences between breastfeeding rates in dif-
ferent parts of the world and between different socioeconomic groups. Globally, only half of all
children below 1 month and 30% of children aged 1–5 months are exclusively breastfed [4]. The
importance of breastfeeding is underlined by recent estimates showing that 800,000 children die
every year due to suboptimal breastfeeding practices [4, 5].

Composition

The composition of breast milk is very dynamic. Colostrum, human milk produced during the first
few days after delivery, has a very high level of immunoglobulins, lactoferrin, leukocytes, and other
immune protecting factors supporting that a main function of colostrum is to protect the child from
infections and stimulate gut function [6]. After the first days of colostrum, the milk gradually changes
and it is considered mature breast milk after approximately four weeks. The composition of mature
breast milk fluctuates diurnally and within the same feed. For example, the last milk of a feed, the
hindmilk, contains 2–3 times more fat than foremilk. The nutritional components of breast milk are
synthesized in the lactocyte (milk producing cell in the mammary epithelium) or come from the
maternal stores and are to some degree influenced by the diet of the mother. The content of energy
and macronutrients of mature human milk is described in Table 15.1. In general the macronutrient
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content of milk from undernourished mothers seems to be similar to a well-nourished mother [7]. As
for micronutrients, the content of some nutrients in human milk is dependent on the status of the
mother (e.g., vitamin B-6, B-12, iodine, and selenium), while others are not (e.g., calcium, iron, and
folate) [8]. The amount of long-chain polyunsaturated fatty acids is directly depending on the intake
of the mother [9]. The content of docosahexaenoic acid (DHA) in breast milk is very low in
populations living mainly on a plant-based diet with a low fish intake, and much higher in populations
consuming fish [9]. The number and potential functions of bioactive molecules in human milk are
numerous and some of them are described below.

Benefits for the Child

The most important benefits of breastfeeding in low-income countries are reductions in child mor-
tality and morbidity, mainly due to protection against infections [10–12]. As shown in Table 15.2,
all-cause mortality and mortality due to diarrhea and pneumonia are 10–15 times higher in children
below 5 months that are not breastfed in comparison to similar groups of exclusively breastfed
children. The table also shows that partial breastfeeding (other liquids or solids in addition to breast
milk) has moderately higher relative risks than predominant breastfeeding (only water and tea in

Table 15.1 Proximate composition of human, cow’s, buffalo’s, goat’s, and sheep’s milk (average per 100 g of milk)a

Proximates Human Cow Buffalo Goat Sheep

Energy (kJ) 291 262 412 270 420

Energy (kcal) 70 62 99 66 100

Water (g) 87.5 87.8 83.2 87.7 82.1

Protein (g) 1.0 3.3 4.0 3.4 5.6

Fat (g) 4.4 3.3 7.5 3.9 6.4

Lactose (g) 6.9 4.7 4.4 4.4 5.1

Ash (g) 0.2 0.7 0.8 0.8 0.9
aModified after Wijesinha-Bettoni and Burlingame [28]. The table is based on average composition. The composition
varies depending on the actual mammal species/breed, feeding efficiency, lactation state of the animal and seasonal
variation

Table 15.2 Relative risk of suboptimum breastfeeding

Outcome 0–5 months—compared to exclusive breastfeeding 6–23 months—compared to any
breastfeeding

Predominant
breastfeeding

Partial
breastfeeding

Not breastfeeding Not breastfeeding

All cause
mortality

1.48 (1.13–1.92) 2.85 (1.59–5.10) 14.40 (6.09–34.05) 3.68 (1.46–9.29)

Diarrhea
mortality

2.28 (0.85–6.11) 4.62 (1.81–11.77) 10.53 (2.80–39.64) 2.83 (0.15–54.82)

Pneumonia
mortality

1.75 (0.48–6.43) 2.49 (1.03–6.04) 15.13 (0.61–373.84) 1.52 (0.09–27.06)

Diarrhea
incidence

1.26 (0.81–1.95) 3.04 (1.32–7.00) 3.65 (1.69–7.88) 1.20 (1.05–1.38)

Pneumonia
incidence

1.79 (1.29–2.48) 2.48 (0.23–27.15) 2.07 (0.19–22.64) 1.17 (0.37–3.65)

Data are point estimate (95% CI). Data are based on meta-analysis of data from Bangladesh, India, Ghana, Peru, and
United Arab Emirates, published between 1981 and 2006. After Black et al. [10]

15 The Role of Human and Other Milks … 339



addition to breast milk). A protective effect of breastfeeding during the third year of life has also been
shown in a study from Bangladesh [13].

Infants are born with an immature immune system and therefore to some degree depend on
maternal antibodies and other immunological factors in breast milk to protect against infections.
Secretory IgA is the predominant antibody of breast milk, but also IgM and IgG are present [6]. In
addition, the innate immune cells in breast milk such as macrophages and lymphocytes, cytokines,
and bioactive peptides like lactoferrin contribute to the protective effect against infections. Other
bioactive components may support maturation of the infant intestine (e.g., epidermal growth factor),
growth regulation (e.g., insulin-like growth factor), metabolism, and body composition (leptin, adi-
ponectin), and formation of the gut microbiota (oligosaccharides) [6].

In addition to the immediate effects of breastfeeding, there are also long-term effects, which were
evaluated in a WHO systematic review [14]. The most consistent finding was that breastfeeding is
associated with a small increase in intelligence test performance with an average increase of 2–3 IQ
points, depending on the adjustments [14]. The cited studies were mainly performed in high-income
countries. Breastfeeding seems to be associated with lower risk of obesity and diabetes later in life,
but the effect seems to be small and confounding by socioeconomic factors cannot be ruled out
[14, 15]. Breastfeeding also seems to protect against some forms of allergic diseases, sudden infant
death syndrome, necrotizing enterocolitis, childhood leukemia, and inflammatory bowel disease, but
the evidence is not always strong [16].

Human milk contains chemicals from the environment, e.g., organic pollutants and lead. Although
such pollutants might have potential negative effects, there is no evidence that these effects can
outweigh the positive effects of breastfeeding [16].

Beside the nutritional and health benefits of breastfeeding the care and close physical contact
between the mother and child during breastfeeding may also have both short- and long-term positive
consequences for the well-being of children.

Benefits for the Mother

Longer duration of exclusive breastfeeding is prolonging lactational amenorrhea [17] and thus
contributes to birth spacing. Longer birth intervals may allow the mother to replete her nutritional
status before the subsequent pregnancy and lower the risk of stunting among offspring [17].
Long-term benefits of breastfeeding seem to include reduced risk for the mother of developing breast
cancer and ovarian cancer [18]. Beside nutritional, health and developmental benefits associated with
breastfeeding, breast milk is free of charge and safe to use.

Breastfeeding Promotion and Support

A review evaluating the effect of counseling and educational interventions on exclusive breastfeeding
found that these interventions can considerably improve breastfeeding on the first day of life as well
as breastfeeding for up to 5 months. A combination of individual and group counseling seemed to
increase breastfeeding practice more than individual or group counseling alone [19]. Studies with
both pre- and/or postnatal counseling were included.

Kangaroo mother care is a concept of neonate handling involving early skin-to-skin contact
between the mother and newborn baby, early and continued breastfeeding, support by parents and
health workers, and early discharge from hospital (for births that took place in the hospital). Review
of studies in pre-term [20] and term neonates [21] have shown that the improvement of breastfeeding
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duration associated with Kangaroo mother care may be extended to community settings and thereby
also support breastfeeding.

An important obstacle in promoting good breastfeeding practices, i.e., 6 months exclusive
breastfeeding followed by continued breastfeeding until 2 years of age or beyond, is the challenge of
working mothers, especially in low-income countries where there may be no or very limited possi-
bilities for maternity leave or breastfeeding during often very long working hours. Chapter 16 pro-
vides more information about breastfeeding policies and programs.

HIV and Breastfeeding

HIV can be transmitted via human milk. If no antiretroviral drugs are provided, 20% of HIV-infected
mothers will transmit HIV to their babies during pregnancy or delivery [22], and breastfeeding may
account for an additional 5–20% [23], depending on breastfeeding practices. A randomized trial in
Kenya, found that breastfeeding led to an additional 16% transmission compared to formula feeding,
but adherence to the specific feeding regimens was not perfect [24]. However, if both the HIV-infected
mother and her HIV-exposed child receive antiretroviral treatment (ARVs), then the transmission rate
can be as low as 1–2% [25, 26]. The WHO guidelines from 2013 regarding use of antiretroviral drugs
(ARV) for treating and preventing HIV infection [27] recommend that HIV positive pregnant and
breastfeeding women should receive lifelong antiretroviral treatment (ART) with a specified triple drug
combination. If this is not possible due to limited resources, WHO recommends lifelong ART for
pregnant and breastfeeding women with CD4 counts <500 or clinical stage 3 or 4. For women with
CD4 counts >500, ART can be stopped 1 week after complete cessation of breastfeeding.
HIV-exposed infants should be treated with ARV for 6 weeks if breastfed and 4–6 weeks if formula
fed. National guidelines have been developed to reduce and prevent transmission of HIV infection
from mother to child. In a number of countries, caregivers who can afford and always have access to
infant formula and boiled water are recommended to give infant formula to their children. In all other
countries and situations, caregivers are recommended to exclusively breastfeed their children for
6 months followed by complementary feeding and continued breastfeeding.

Composition of Human Milk, Cow’s Milk, and Other Milks

Milk composition of different mammal species varies a lot and is adapted to the environment and
growth velocity of the newborn animal with more energy dense milk in cold climates and high levels
of protein and growth supporting minerals in fast growing animals.

Table 15.1 shows the composition of the most common types of milk used for human con-
sumption and in dairy production. The composition of more seldom used types of milk for human
consumption (e.g., camel and reindeer milk) can be found elsewhere [28].

Human milk has a low concentration of protein and minerals (main content of ash in the table
above) and a high concentration of lactose compared to milk of dairy animals. The low content of
protein and minerals is a reflection of a slower growth of the human infant compared to dairy animals.
Due to high content of protein, undiluted milk is poorly tolerated in young infants and undiluted milk
should not be used before the age of 12 months.

Buffalo and sheep milk both have a high content of fat, protein, and minerals (ash) compared to
cow’s milk and are therefore more energy dense. This may be an advantage in settings of low access
to energy dense food but should be considered with caution for treatment of young malnourished
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children, because the protein and mineral content, which is also higher, results in a high renal solute
load, which the kidneys may not be able to handle.

Other differences between cow’s milk and other milks include differences in milk fat composition,
micronutrients and vitamins. Goat’s milk contains more short and medium chain fatty acids (6–10
carbon atoms) which are absorbed more easily compared to long chain fatty acids [28]. This is
relevant for those suffering from malnutrition as they often have some degree of fat malabsorption. In
addition, the fat globule size of goat’s milk and sheep’s milk is smaller compared to cow’s milk which
may improve the digestibility of goat’s and sheep’s milk. All the milks contain high amounts of
vitamin B-12 and riboflavin which are often lacking in the diets of malnourished populations. Other
important milk vitamins include vitamin A, especially from buffalo’s and sheep’s milk, and vitamin C
which is high in sheep’s milk. Together with other sources of vitamin A and C, milk can contribute
significantly to the daily recommended intake of these vitamins [28].

In 2012, more than 80% of the global milk production was cow’s milk [29] and the remaining part
of the chapter is therefore describing cow’s milk unless otherwise specified.

Protein

Protein quality is assessed by the ability of a dietary protein to meet human requirements for
indispensable amino acids. FAO and WHO currently recommend DIAAS (digestible indispensable
amino acid score) for evaluation of protein quality [30]. This method is based on the first indis-
pensable (essential) amino acid that becomes a limiting factor in relation to a reference pattern. Three
reference patterns have been defined, but for regulatory purposes only two reference patterns are used:
For infant formula, the reference pattern is equivalent to the amino acid composition of breast milk
and for all other foods and age groups, the reference pattern is based on the needs of a young child
aged 6 months–3 years. In comparison to the PDCAAS method (protein digestibility corrected amino
acid score) which was recommended until 2013, the main differences are that DIAAS is based on true
ileal protein digestibility and not on fecal crude digestibility as ileal output is considered to better
reflect the amount of amino acids absorbed [30]. DIAAS scores may be higher than 100% (i.e., if the
lowest amount of indispensable amino acid content multiplied by the ileal digestibility index exceeds
the reference pattern) and should only be truncated if calculating the DIAAS score for mixed diets or
sole source foods like infant formula. For many foods, the DIAAS score is not yet known as the ileal
digestibility has not been assessed. Dairy proteins all have DIAAS scores greater than 100% and
whole milk powder has a DIAAS value of 122% [30, 31].

Cow’s milk protein contains approx. 80% casein and 20% whey protein. Casein proteins are as1-,
as2-, c-, and j-casein and the major whey proteins include b-lactoglobulin, a-lactalbumin,
immunoglobulins, serum albumin and lactoferrin, and all the proteins have different biological
activities [32, 33]. Human milk has a casein-whey ratio of 40:60. This is likely to influence
digestibility of the proteins as casein and whey protein are categorized as slow and fast proteins,
respectively, corresponding to how fast amino acids appear in the blood circulation after ingestion
[32, 34].

For further information about the effect of whey protein, please refer to the “Whey Protein” section
in this chapter.

Lactose

Human milk contains approx. 6.9% (w/w) of lactose and up to 40% of the energy in human milk
comes from lactose compared to approx. 4.7% (w/w) lactose and 30 energy% in cow’s milk. The
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significant amount of lactose may contribute to growth and development in the young child through
several mechanisms that are discussed in the “Lactose” section in this chapter. In addition lactose has
a sweet taste which increases the preference, especially among young children [35].

Minerals

Milk contains high amounts of minerals supporting growth, so-called type II nutrients, including
potassium, magnesium, and phosphorus but only small amounts of zinc. These minerals are char-
acterized by having no body stores and being used in all body tissues for cell division and growth.
Depletion in any of these minerals results in growth limitation or stunting [36]. Very often mal-
nourished children have clinically relevant phosphorus deficiency, associated with increased mor-
tality. According to Golden [36], the success of cow’s milk in treatment of malnutrition is likely to be
partly accounted for by correction of phosphate deficiency.

Milks also contain very high amounts of calcium which is important in bone mineralization. In
low-income countries the intake of calcium is often very low and combined with a diet which often
contains high amounts of antinutrients this may result in children with demineralized bones which is
likely to be due to calcium deficiency and which in some cases results in rickets which in high-income
countries most often is due to vitamin D deficiency [36, 37].

Milk, including human milk, contains very little iron. Furthermore, the high content of calcium,
phosphorus and casein in cow’s milk may impair iron absorption from other sources [28, 38]. This is
important as iron deficiency is very common in many low-income countries.

The bioavailability of milk minerals is high compared to plant minerals. Phytate, an antinutritional
factor, is present in cereal staples, legumes, and other edible plants and impairs absorption of
important minerals like iron, zinc and calcium [39].

Fat

Cow’s milk contains approx. 3.5 g fat/100 g milk before processing to varieties with different fat
content. Whole milk contains approximately 2.3 g of saturated fatty acids (SFA)/100 g (mainly
C12–C18:0), 0.8 g/100 g of mono-unsaturated fatty, mainly oleic acid (C18:1), and 0.1 g/100 g of
polyunsaturated fatty acids [40]. Mature human milk contains more fat (4.1 g/100 ml), has less
saturated fat (1.8 g/100 g) and considerable higher contents of monounsaturated fatty acids
(1.6 g/100 g) and of polyunsaturated fatty acids (0.5 g/100 ml) [40].

Fat is an important energy source for young children. Breast milk contains approx. 50 energy% fat
and it has been recommended that complementary food for moderately malnourished children should
contain 35–45 energy% from fat [39]. Although the amount of saturated fatty acids in cow’s milk
compared to human milk is considerably higher and the amount of polyunsaturated fatty acids
(PUFA) is considerably lower including zero or negligible amounts of the essential fatty acids
eicosapentaoic acid and docosahexaenoic acid, whole milk is considered a good energy and fat source
in treatment of malnourished children [9].

Much research has focused on the potential negative role of milk fat on low-density lipoprotein
cholesterol and cardiovascular disease. Obesity and cardiovascular diseases are increasing health
problems worldwide, where the same population and sometimes even individuals of the same
household may suffer from undernutrition and overweight (double burden). Currently, WHO and
FAO recommend that intake of SFAs should not exceed 10 energy% and should be replaced by
PUFAs in order to reduce the risk of coronary heart disease [41]. But the claimed negative effect of
saturated fat on cardiovascular disease has been challenged by a recent large meta-analysis [42].
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Milk fat also includes small amounts of conjugated linoleic acid which has been associated with a
range of health promoting activities including inhibition of cancer, hypertension, atherosclerosis,
diabetes and immune stimulation. Furthermore, cow’s milk contains ruminant trans-fatty acids which
constitute up to 5% of the total fatty acids. Industrially produced trans-fatty acids have been strongly
associated with coronary heart disease, metabolic syndrome and diabetes while the effects of ruminant
trans-fatty acids seem to be much more limited [40, 43, 44]. Human milk does not contain any
trans-fatty acids.

The Effects of Cow’s Milk in Prevention and Treatment of Undernutrition

Milk is the only or main energy and nutrient source of newborn humans and animals and is bio-
logically adapted to support high growth velocity during the first period of life. It is therefore
plausible that milk has the potential to support growth and rehabilitation in individuals with acute
malnutrition. The growth promoting effect of milk is likely to be caused by a combination of whey
protein, casein, specific amino acids and growth promoting milk minerals including phosphorus,
magnesium and potassium. The specific effects of the individual components on bone growth and
muscle mass accretion are not understood in detail. The effect of cow’s milk on linear growth and in
prevention and treatment of human undernutrition in different age groups is discussed below.

Of the world’s population of children below 5 years, 52 million are wasted (weight for length or
height below −2 SD) of which 19 million are severely wasted (weight for length or height below −3
SD) [4]. Acute undernutrition (low weight for length or height or low mid-upper arm circumference)
affects especially children below 5 years in low-income countries and is more prevalent in south Asia
and sub-Saharan African countries than elsewhere [4]. Chronic malnutrition, or stunting, affects 165
million children under 5-years of age [4]. Every year, approx. 3 million child deaths—or 45% or all
child deaths below 5 years—are directly or indirectly attributable to undernutrition, including
wasting, stunting, micronutrient deficiencies, and suboptimal breastfeeding practices. Adults are
rarely affected by acute malnutrition except in emergency situations, and among adults with chronic
diseases, e.g., TB or HIV. In vulnerable groups of adults, e.g., pregnant and lactating women,
prevention of undernutrition is important.

Although milk seems to have specific positive effects on growth and rehabilitation of malnourished
individuals, other animal source foods (ASF) also have positive effects on growth as well as effects on
cognitive development, morbidity, and immune functions. An often cited study in Kenyan school
children evaluated the effect of iso-energetic school meals of a plant-based stew plus meat, milk or oil
versus a non-supplemented control group over 2 years. All supplemented groups gained more weight
than children in the control group and both meat, and milk increased lean body mass measured as
mid-upper arm muscle area [45]. The meat group performed significantly better in a range of school
tests compared with groups with no animal source foods and the milk group performed better than the
non-supplemented group in a few school tests [46]. The study supports findings from other studies
with ASF indicating that milk supports linear growth whereas meat has better effect on cognitive
performance [38]. In addition to the high protein quality of milk and meat, minerals in ASF have a
high bioavailability and micronutrients like iron (meat), zinc (meat and milk) and vitamin B-12 (milk)
are thought to contribute to the positive effects of animal source foods.

Cow’s Milk and Linear Growth

There is considerable evidence, both from high- and low-income countries, that cow’s milk has a
stimulating effect on linear growth [47, 48]. The strongest evidence comes from both intervention and
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observational studies in low-income countries. Additionally, many but not all observational studies
from well-nourished populations show an association between milk intake and linear growth. The
stimulating effect of cow’s milk on linear growth is likely to be mediated via an increased synthesis of
Insulin-like Growth Factor 1 (IGF-1). IGF-1 is regulated both by growth hormone but also by
nutrition, especially in the first years of life.

Infants being exclusively breastfed have a higher growth velocity during the first 2–3 months of
life. Thereafter formula fed infants grow at a faster rate continuing until the age of about 12 months
[49]. At 12 months breastfed infants are slightly shorter than formula fed infants and have also a
lower weight and body mass index. It is most likely the higher protein content in cow’s milk based
infant formula compared to human milk, which has a greater effect on linear growth. Protein content
in infant formula is only about 1/3 of the content in cow’s milk, but still considerably higher than in
breast milk. Some studies suggest that breastfed infants have a catch-up in linear growth later in
childhood and are taller as adults, which might be mediated via a programming effect on the IGF-I
axis (insulin-like growth factor) [50].

The classic Boyd Orr study was conducted in the early 1900s in Scotland among school children
of mainly working class families. Their diet was supplemented with whole milk, skimmed milk, or
biscuits with an equivalent amount of energy and compared to an unsupplemented control group. The
groups receiving milk, irrespective of age, grew 20% more in height compared to the control group
during the 7 month intervention period [51].

Later, randomized controlled trials (RCTs) in undernourished or underprivileged preschool chil-
dren [52] as well as school children in Kenya, New Guinea, and Vietnam [45, 53, 54] demonstrated
increased linear growth in most of the groups receiving milk. In one study [45] the weight and lean
body mass increased in milk-supplemented compared to control groups, but height only increased in a
subgroup of children whose weight-for-height Z-score was below median at baseline.

Following a systematic review including a meta-analysis of 12 randomized and nonrandomized
controlled trials performed in undernourished (2 studies) or well-nourished children and adolescents
between 3 and 13 years, de Beer concluded that “the most likely effect of dairy products supple-
mentation is 0.4 cm additional growth per annum per ca 245 ml of milk daily” [55].

It has also been suggested that population mean adult height is influenced by milk intake. In
Africa, pastoralist, e.g., the masaais, tend to be taller than populations not drinking milk [56] and in
Europe, where the Dutch are the tallest, it has been suggested that it could be because of a high intake
of milk in the Netherlands [57].

Overall the short-term results of intervention studies with milk or milk products suggest a positive
effect of intake of cow’s milk on linear growth in both well-nourished and undernourished children.
Long-term effects of high intake of cow’s milk during childhood may however influence the
IGF-level later in life and possibly increase the risk of non-communicable diseases like coronary heart
disease, and cancer [58].

Cow’s Milk in Prevention and Treatment of SAM and MAM

Severe Acute Malnutrition (SAM) is defined as severe wasting or mid-upper arm circumference
(MUAC) <11.5 cm or bipedal pitting edema, and moderate acute malnutrition (MAM) is defined as
moderate wasting or MUAC between 11.5 and 12.5 cm. Cow’s milk plays a key role in treatment of
SAM. Although milk seems effective in treatment of MAM, the use of milk is being debated because
of its high price.
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Children below 6 Months

Approximately 8.5 million infants below 6 months are wasted [59]. Despite this high number, global
guidelines for management of infants below 6 months with MAM or SAM are lacking. If a child is
undernourished before the age of 6 months it is often due to suboptimal breast feeding, which in some
cases may relate to poor nutritional status or health of the mother. Infants below 6 months with SAM
have a very poor prognosis and should be referred to inpatient care with intensive breastfeeding
support. If too weak to suckle, human milk can be expressed and given by naso-gastric tube, a cup or
the supplementary suckling technique. This technique is used to start or reestablish breastfeeding and
involves that the child is suckling at the breast and simultaneously fed with expressed human milk or
a human milk substitute from a cup via a tube placed along the nipple. In this way human milk or
human milk substitute can slowly drip into the mouth of the infant and ensure adequate intake of
energy and nutrients while the breast is stimulated to produce more milk.

In some cases breastfeeding is not considered an option, e.g., for HIV positive mothers who decide
not to breastfeed and for infants who do not have a mother or wet nurse. For these children, a human
milk substitute, i.e. diluted therapeutic milks (F-75 and F-100) or infant formula, can be provided
under medical supervision [60]. F-75 is only given during stabilization of the child and diluted F-100
or commercial infant formula (manufactured according to codex alimentarius) is given during the
transition and rehabilitation phase. After discharge the child can receive infant formula or homemade
formula based on diluted, heat treated animal milk with sugar, and micronutrients. Reconstituted dried
skimmed milk or other low fat milks are also inappropriate for long-term feeding of infants due to
their low fat content.

There are many challenges in relation to use of infant formula for children below 6 months in
low-income countries. The main concerns are hygiene problems due to lack of access to clean water
and inappropriate cleaning of feeding bottles or utensils which may result in infections. In addition,
wrong preparation and dosage of infant formula may lead to repeated undernutrition or mineral
imbalances and the high price of infant formula is likely to prevent mothers and caregivers with a low
and unstable income to feed their children appropriately. Breastfeeding has repeatedly been shown to
protect against infections and reduce infant mortality in low-income countries [4]. To support the
promotion of breastfeeding, advertising, and promotion of infant formula is not allowed according to
the WHO International Code of Marketing of Breast milk Substitutes [61].

Despite the positive effects of dairy protein given to infants with MAM or SAM, undiluted cow’s
milk should never be given to infants below 12 months. The content of protein and minerals is very
high and especially during the first 6 months the kidneys might not be able to excrete the surplus,
which might lead to hypernatremic dehydration.

Children above 6 Months

Cow’s milk is a key ingredient in products used for treatment of MAM and SAM. According to WHO
guidelines [62], children with SAM and medical complications should be treated in inpatient facilities
and the recommended food is F-75 during initial stabilization. F-75 has a low content of dried
skimmed milk. The protein level is low to protect children from the negative impact protein
breakdown may have on liver function in severely malnourished children [36] and the increased renal
solute load of urea resulting from breakdown of protein. The lactose level is low to reduce the risk of
lactose intolerance and osmotic diarrhea (see “Lactose” section in this chapter). During the initial
stabilization phase children do not gain weight. When children improve, they are transferred to
ready-to-use-therapeutic-food (RUTF) or—in settings where F-100 is available or considered more
appropriate—children are first transferred to F-100 and then RUTF before discharge to outpatient
treatment. Compared to F-75, RUTF and F-100 are more energy dense and designed to support
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rehabilitation and growth. The milk content is high with milk protein constituting 100% of the protein
content in F-100 and about 50–60% in RUTF; see Table 15.3 for further details. The timing of the
transitioning from F-75 to RUTF or F-100 and the gradual increase of their intake are important to
avoid re-feeding syndrome which may be fatal.

F-75 and F-100 are both liquid products reconstituted from powder. As this poses a high risk of
contamination and spoilage, the use of F-75 and F-100 is restricted to inpatient care and requires
careful handling and frequent preparation of fresh milk rations. RUTF was developed to mimic the
nutrient content of F-100. It is an energy dense lipid-based paste containing ground peanuts, skimmed
milk powder, and/or whey protein, maltodextrin or sugar, vegetable oil and micronutrients. Due to its
solid paste form, very low water content and packaging in direct-to-use alu-foil sachets the risk of
contamination and spoilage is small enough to allow home-based treatment in community settings.
This has revolutionized treatment of children with SAM without medical complications [63] and
Community-based Management of Acute Malnutrition has grown substantially over the past 20 years
and contributed to reduced global childhood mortality.

Several studies have shown that addition of milk protein (usually whey protein) and/or milk powder
(usually skimmed milk powder) has a positive effect on growth and rehabilitation of severely mal-
nourished children [64–67]. Some of these studies are further described in “The Use of Cow's Milk
Ingredients in Foods for MAM and SAM” section of this chapter. This section also describes the
content of milk ingredients in F-75, F-100, and RUTF (Table 15.3).

For children with moderate acute malnutrition (MAM) there are no firm guidelines from WHO
regarding treatment. Recommendations for nutrient content and ingredients of diets for children with
MAM have been made by Golden [36], Michaelsen et al. [39], de Pee and Bloem [68] and this has
resulted in a Technical Note from WHO on the composition of supplementary foods for treatment of
MAM [69]. Traditionally, children with MAM have been treated with fortified blended foods without
milk ingredients but the trend is to add more high-quality protein, including milk protein to sup-
plementary foods. This has generally resulted in better recoveries [64–67]. While products cost more
per kg, treatment costs are not proportionally higher if the treatment is more effective (greater
proportion treated successfully and shorter duration).

Table 15.3 Milk ingredients in specialized products for treatment of MAM and SAM

SAM MAM

F-75 F-100 RUTF RUSF Super cereal
plus (CSB++)a

CSB with
3% WPC
80b

Energy
density at
consumption

75 kcal/100 ml 100 kcal/100 ml 520–
550 kcal/100 g

520–
550 kcal/100 g

410 kcal/100 g
powder

NA

Milk
component
(w/w %)

DSM
2.5%

DSM
8%

20–25% DSM
fulfill the
requirements, but
other
sources/mixtures of
milk protein are
allowed

13–20%
protein, with
PDCAAS
>70%, may be
milk proteinc

8% DSM 3%
WPC80

Milk protein
% of total
protein

5 energy%
protein, 100%
from milk

16 energy%
protein, 100%
from milk

10–12 energy%
protein, at least
50% from milk
protein

No
requirements

Min 16%,
approx. 25%
from milk

NA

aSuper cereal plus (CSB++): 410 kcal/100 g
b“CSB14” [75], currently being tested in studies, but not yet used in feeding programs
cIf plant protein, it should be processed to mitigate antinutrients
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School Milk Programs for Prevention of Undernutrition

Many countries around the world promote school milk programs. Milk is perceived as healthy and
nutritious for school children and the programs, which also increase the demand for dairy produce,
are often supported by public funds and/or the dairy industry. A survey conducted by FAO [70]
showed that school milk represents from 3 to 25% of the liquid milk market. School milk programs
appear to be more widely supported through governments and public funds in the Asia and Pacific
regions [71]. School feeding programs are discussed in more detail elsewhere [71].

Two examples of studies embedded in Asian school milk programs are mentioned here. A 2 year
milk intervention study in 10 years old school girls from Beijing, China of UHT milk fortified with
calcium or calcium plus vitamin D versus a non-supplemented control group showed that girls
receiving calcium fortified milk with or without vitamin D had a higher increase in height and weight
compared to the control group and increased bone mineralization which was higher in the calcium
plus vit D supplemented group. It was concluded that increase in milk consumption, e.g., by means of
school milk programs would improve bone growth during adolescence [72].

A study in Vietnam evaluated the impact of 6 months consumption of 500 ml school milk in 7–
8 years old children. Bothweight for age (WAZ) and height for age (HAZ) improved significantly during
the milk intervention and children in the milk consuming groups had significantly better short-term
memory scores. However, each of the three study treatments was only tested in one school [54].

Pregnant and Lactating Women

During pregnancy and lactation the nutritional requirements are increased for particularly protein,
iron, iodine, zinc, folic acid, vitamin A, vitamin C, and B-vitamins [73]. With potential impact of
nutritional deficiencies on the new generation, pregnant, and lactating women (PLW) are a vulnerable
group which is targeted in nutritional programs of NGOs and UN-organizations. General food dis-
tributions to adults in emergency situations usually include grain (e.g., rice, cornmeal, wheat flour,
sorghum, or millet), fortified blended food, pulse, vegetable oil, sugar, and salt. Food rations based on
these commodities often fail to meet the nutritional needs of PLW [74]. Thus, new and improved food
supplements are needed. Webb et al. [75] suggested adding 3% of whey protein and enhancing the
micronutrient profile of fortified blended foods for young children, PLW and wasted adults with
HIV/AIDS and to develop lipid-based nutrient supplement (LNS) products for targeted populations
and programs. In line with this, Chaparro and Dewey [74] calculated how to compose LNS products
with or without milk that would fulfill the needs of both young children below 24 months and PLW
when given as a small daily dose in addition to general food distributions. In an intervention study in
Bangladesh LNS with a small amount of milk given to pregnant women resulted in slightly higher
weight and length at delivery, but the specific effect of milk is not known [76].

The effect of milk and dairy product intake during pregnancy was evaluated in a meta-analysis
based on studies from high-income countries. The evidence was limited but suggestive that a moderate
milk intake compared to none or a very low intake was positively associated with birthweight [77].

Adults with Malnutrition—Focus on HIV or Tuberculosis

Acute malnutrition in adults is mainly seen in emergency situations or among those with wasting
diseases like HIV and tuberculosis (TB). Malnutrition is a major risk factor for active TB disease and
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may increase susceptibility to HIV infection. Both TB disease and HIV then cause or exacerbate
malnutrition due to lack of appetite, poor nutrient absorption and increased catabolism. Organizations
and health ministries that are working in low-income countries are increasingly recognizing the
importance of nutrition in management of HIV/AIDS and specialized food products in combination
with nutritional counseling as important components of HIV care and treatment programs [78, 79].
Consequently, there is a need for development of effective nutritional support to patients with TB
disease and HIV patients as part of comprehensive medical and social care packages.

Specific Effects of Whey and Lactose in Undernutrition

Milk powders, especially dried skimmed milk (DSM) and whey derived ingredients are used in
products for treatment of undernutrition. Whey is the liquid remaining after coagulation of cheese
curd and it mainly contains whey protein, lactose and milk minerals. Thus, it has traditionally been a
low cost surplus product. Casein, which constitutes 80% of protein in cow’s milk, is not used as a
separate ingredient in foods for undernutrition. Whey is either dried or fractionated into whey protein
concentrates with different protein content (see Table 15.4). After removal of all whey proteins, whey
permeate remains with approx. 85% lactose and 7% milk minerals. Below, the effects of whey protein
and lactose/whey permeate on undernutrition are summarized.

Whey Protein

Immune Effect of Whey Protein

Whey protein may have positive immune modulatory effects relevant for people with HIV. It is
known that people with HIV infection develop a systemic deficiency of the tripeptide glutathione
(GSH) within weeks after the infection [80]. GSH is an important antioxidant that contains free
sulfhydryl groups that mainly comes from cysteine, a semi-essential amino acid. Whey protein is rich
in cysteine and GSH precursor peptides and controlled studies in adults [80] and children [81] with
advanced stages of HIV infection have shown increased plasma glutathione levels after supple-
mentation with whey protein. Adults received 45 g whey protein per day and children received 20–
50% of their protein intake from whey protein. By restoring glutathione concentration and oxidative
imbalance, immune functions may also improve. In the study on children with advanced stages of
HIV infection mentioned above, the CD4/CD8 lymphocyte ratio in the whey protein supplemented
group showed a nonsignificant increase and there was a decrease in co-infections. In a different study
in weight stable HIV patients with a history of weight loss, supplementation of 40 g of whey protein

Table 15.4 Composition of milk ingredients used for treatment of MAM and SAM (weight percent)

DSMa WPC34a WPC80a WPIa

Protein content Whey + casein (20:80)
34–37%

Whey
34–36%

Whey
80–82%

Whey
90–92%

Lactose content 49.5–52% 48–52% 4.0–8.0% 0.5–1.0%

Fat 0.6–1.25% 3.0–4.5% 4.0–8.0% 0.5–1.0%

Ash (mainly minerals) 8.2–8.6% 6.5–8.0% 3.0–4.0% 2.0–3.0%

Moisture 3.0–4.0% (non-instant)
3.5–4.5% (instant)

3.0–4.5% 3.5–4.5% 4.5%

aReference [107]
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failed to increase total energy intake but CD4 counts increased in the whey protein supplemented
group compared to the control group [82].

In a recent larger study of nutritional supplementation of Ethiopian adult HIV patients starting
antiretroviral treatment, whey protein improved immune recovery. After 3 months treatment with
LNS containing 16 energy% whey protein compared to a group receiving the same energy content of
soy protein isolate, CD3 counts improved significantly with borderline significant increase in CD8
and CD4 counts [83].

A systematic review evaluating the effectiveness of macronutrient interventions for reduction of
morbidity and mortality in people with HIV concluded that in general macronutrient supplementa-
tions, including whey protein (included in one study [81]), did not significantly alter clinical,
anthropometric, or immunological outcomes in HIV-infected adults or children [84]. The review
evaluated 14 studies with different nutrient interventions and different HIV populations, but mainly
smaller studies from high-income countries. The heterogeneity in nutritional supplement composition,
HIV patient characteristics and treatment regimens in studies of HIV and nutrition was also com-
mented by de Pee and Semba [85].

Whey Protein and Muscle Accretion

Whey protein is being consumed by sports athletes and body builders to improve muscle mass
formation. Reviews and clinical studies in the field of sports medicine indicate that pre-exercise or
post-exercise ingestion of whey protein can increase muscle protein synthesis in young as well as
elderly populations [86]. Most studies focused on the acute effect of whey protein supplementation
but studies evaluating longer term effects suggested that whey protein can also lead to absolute gain in
lean body mass and muscle strength [86]. A hypothesis behind this stimulation of muscle protein
synthesis is that whey protein contains a favorable amino acid profile including important branch
chained amino acids like leucine which is a key regulator in muscle protein synthesis [32, 87, 88]. In
addition whey protein is easily digested and results in a very high blood amino acid peak and
stimulation of muscle protein synthesis. In comparison to casein, whey protein results in a more
prolonged state of anabolism and inhibition of protein degradation and in a study in young athletes
undertaking intense training, whey protein resulted in significantly more lean body mass and better
gain in strength compared to casein [87].

The relevance of the above in undernourished populations is currently not known. Very limited
knowledge about the effect of whey protein on muscle mass formation and the underlying biology in
undernourished individuals is available.

Lactose

In young children, lactose is hydrolyzed by the enzyme lactase to glucose and galactose, which are
absorbed in the small intestine. If the lactase activity is too low to digest all the lactose, undigested
lactose continues to the large intestine where it is degraded by colonic bacteria, e.g., Bifidobacteria.
This leads to formation of short chain fatty acids that have important functions in relation to body
homeostasis. This is considered a prebiotic effect and it has been estimated that 50–70% of ingested
lactose may pass into the colon of preterm infants and in term infants a smaller unspecified fraction of
lactose is likely passed into the colon [89]. In many geographical areas of the world especially in
South East Asia and Southern Africa, the synthesis of lactase in the small intestine reduces or even
stops some time after weaning [90]. The age at which this happens varies. Some children may
experience symptoms of lactose intolerance due to reduced lactase activity and excessive amounts of
lactose reaching the colon beginning at 2–3 years of age, but the majority of young children do not
experience any symptoms [91–93].
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Lactase is synthesized by the enterocytes lining the villi of the small intestine and both diarrhea
and enteropathy disrupt the intestinal barrier and may in severe cases cause temporary lactase defi-
ciency which may lead to symptoms of lactose intolerance. In addition helminths, especially Ascaris,
have been shown to induce secondary lactase deficiency. Among other factors, anthelmintic treatment
could therefore be part of treatment of acute malnutrition to obtain the greatest benefits from cow’s
milk [94, 95]. Concern about lactose intolerance is frequently expressed by health workers but may be
overestimated as the majority of young, undernourished children recover from undernutrition when
treated with therapeutic food containing milk powder or whey protein with considerable amounts of
lactose. Furthermore, human milk has a considerably higher amount of lactose than foods used for
treatment of SAM and breastfeeding is always recommended for infants and young children with
SAM.

Lactose may also enhance calcium absorption as well as calcium retention in infants [96, 97] and
enhanced absorption of other minerals including magnesium and manganese have also been described
[97]. The effect of lactose on calcium absorption was not sufficiently substantiated to be accepted as a
health claim by an expert panel collected on behalf of the European Food Safety Agency [98].

A large number of animal studies in piglets have shown that piglets grow faster after weaning if
they receive lactose in their diet [99–102]. This mainly affects small piglets just after weaning but
even in larger piglets, administration of lactose in the feeds had a positive effect on growth [102].
Human intervention studies investigating the effect of lactose compared to other carbohydrates on
growth are lacking.

Lactose has a mild sweet dairy taste and if used in food products alone or in combination with milk
protein (see Table 15.3) for treatment or prevention of acute malnutrition it may improve palatability
as well as energy density of these foods. Furthermore, lactose is less cariogenic than sucrose
[103, 104].

The Use of Cow’s Milk Ingredients in Foods for MAM and SAM

Milk ingredients in foods used for treatment of MAM and SAM mainly include DSM and whey
protein concentrates (WPC34, WPC80 containing 34 and 80% whey protein, respectively) and whey
protein isolates (WPI). Whole milk powder may be used in some locally produced versions of RUTF
[105] or therapeutic milk [106] but it is not used in large-scale production due to limited shelf life as
the milk fat becomes rancid more easily.

The price of the milk ingredients fluctuate considerably and thereby has a strong effect on the price
of foods for preventing and treating SAM and MAM [107]. Calculated per kg dairy protein DSM and
WPC34 has fluctuated between 2 and 4 USD during the period from 2010 to 2014, while the more
refined types of whey (WPC80 and WPI) have been considerably more expensive, about double the
price per kg of protein. Table 15.3 shows the amount of milk ingredients in products used by
UNICEF, WFP, USAID, MSF, and others for treatment of SAM and MAM.

Recommended Use of Dairy Ingredients

Specialized food products for treatment of SAM are designed to cover the entire nutrient and energy
requirements for catch-up growth of children between 6 and 59 months. As shown in Table 15.3,
F-75 has a low content of milk ingredients whereas F-100 and RUTF both have higher content of
milk components to support catch-up growth and rehabilitation. The amount of milk ingredients in
these products are specified in UNICEF and MSF supplier specifications based on current WHO
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product recommendations. However, the optimal amount of milk ingredients has not been thoroughly
investigated in clinical trials.

The products which have been developed for use in children with MAM are intended as food
supplements in addition to home food. The energy content of daily rations does not cover the entire
daily need but the amount of nutrients in food supplements is elevated to compensate for home food
which often has an inadequate amount of high-quality protein and micronutrients. The food sup-
plements which are supplied by WFP and Unicef which contain milk ingredients include: RUSF and
Super cereal plus (CSB++).

In the WHO Technical note: “Supplementary foods for the management of moderate acute mal-
nutrition,” the recommended level of high-quality protein (PDCAAS > 70%) is 20–43 g/1000 kcal
[69] for children between 6 and 59 months. The source of protein is not specified and can be obtained
with plant protein as well as milk or other animal source protein. The Technical Note however,
recognizes the high quality of milk protein and its stimulatory effect on linear growth. In a review it
was suggested that 25–33% of protein for treatment of MAM should come from milk protein to
support weight gain and linear growth [39]. Both papers recommend further research on the amount
and source of protein to support rehabilitation of children suffering from acute malnutrition. A recent
technical report initiated by USAID to provide recommendations for improvement of FBF recom-
mended addition of 3% of WPC80 to FBF [75]. The recommendation was based on the ability of milk
protein to enhance linear growth and lean body mass accretion and a high-protein quality score of
milk protein. WPC80 was selected as it has a concentrated form, stable price, and good shelf life. The
report and its recommendations were strongly criticized by Noriega and Lindshield [108]. They
commented that 3% of whey protein was lower than the amount used in clinical studies and the effect
of WPC was not tested separately in malnourished populations in well controlled iso-energetic,
iso-nitrogenous interventions against nonanimal source foods (plant protein) when the report was
written.

Cost-Effectiveness of Milk Content

The price of milk ingredients is high and may constitute 50% of the ingredient cost of RUTF [105]. It
is therefore important to find the optimal dose from a cost-effectiveness perspective and to find out if
it is possible to substitute milk protein or combine, e.g., whey protein and plant protein to support
healthy growth and rehabilitation of undernourished children on short term and long term.

Substitution of milk protein with plant protein has been tested in several studies. In an un-blinded
study in Zambia, children received either peanut based RUTF with milk or a milk free
soy-maize-sorghum-based RUTF (SMS-RUTF) [64]. The recovery rate was higher in the
peanut-based RUTF with milk (60.8%) compared to the milk free SMS-RUTF (53.3%). Subgroup
analyses showed a significant higher recovery rate in children below 24 months and no difference of
recovery in children above 24 months.

Two other large studies from Malawi were conducted in children with moderate acute malnutrition
and tested different supplementary feedings. The first study compared the effect of RUSF with DSM
versus RUSF with soy versus corn soy blend (no milk) [109] and the second study compared the
effect of RUSF with whey and soy vs. RUSF with soy alone versus corn soy blend with milk
(CSB++) [110]. In the first study recovery rates, weight gain, and MUAC gain were improved for
both RUSF products compared to corn soy blend. Length gain did not differ between the groups. In
the second study, the recovery rates were similar between the three products. For anthropometric
outcomes, weight gain was higher in the two groups receiving RUSF, whereas MUAC gain was
significantly higher in RUSF with whey + soy compared to RUSF with soy alone and CSB++.
Height gain was similar in all three groups.
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Partial substitution of dried skimmed milk with soy was tested in a study comparing standard
RUTF with 25% DSM and a modified RUTF with 10% DSM + 15% soy [66]. Children receiving
standard RUTF with 25% DSM had higher recovery rates and improved more in weight, height, and
MUAC compared to children receiving RUTF with 10% DSM and 15% soy. Children with
Kwashiorkor benefited more from the higher content of milk powder compared to children with
Marasmus. A different group tried to reduce costs of RUTF by substituting 25% DSM with 25%
WPC34 [111]. The results showed that RUTF with WPC34 was non inferior to standard RUTF with
DSM in relation to weight gain and recovery rates.

As seen from the above and ongoing studies many researchers are working to find optimal cost of
milk from a cost-effectiveness point of view and cheaper sources of protein to reduce the cost of
products for prevention and treatment of MAM and SAM. Cost-effectiveness studies have so far
focused on price per kg of product and number of days to nutritional recovery. More complex models
including differences in the percentage of children that recover or deteriorate with interventions,
differences in sharing behaviors, etc. should be developed. Until now milk protein and perhaps other
milk ingredients seem to favor rehabilitation of undernourished children more than cheaper sources of
high-quality protein.

Conclusions

Mammals produce milk that supports growth and development of their offspring and can serve as the
only energy and nutrient source during early life when growth is very high. It seems therefore
plausible that animal milk has beneficial effects on growth and recovery also in humans and may be
useful in prevention and treatment of undernutrition of children and other vulnerable groups.

WHO recommends exclusive breastfeeding for 6 months and continued breastfeeding until the age
of 2 years or beyond [3]. Reduction in child mortality and morbidity are the most important benefits
of breastfeeding and it has been estimated that 800,000 children die every year due to suboptimal
breastfeeding practices [4]. It is therefore essential to promote and support breastfeeding. Milk
composition varies a lot between different mammal species. Compared to milk from dairy animals
(cow, buffalo, goat, and sheep), human milk has a low content of protein and minerals and a high
content of lactose. For this reason, animal milk needs to be modified, or be mixed with other
ingredients, before feeding to infants younger than 12 months. The protein quality of nonhuman milk
is high with DIAAS scores above 100% and milk contains important minerals with high bioavail-
ability that support growth as well as bone formation.

Milk or milk components are used in most products intended for treatment of SAM and in some
products intended for treatment of MAM. For young children with SAM aged 6–59 months the WHO
guideline prescribes use of F-75, F-100 and RUTF for stabilization and rehabilitation. All three
products contain (cow’s) milk ingredients with a low content of milk in F-75 intended for stabilization
of hospitalized patients with SAM and higher contents of milk ingredients in F-100 and RUTF
intended for rehabilitation of in- and out-patients with SAM. For children with MAM no official
guidelines exist but different groups have come up with suggestions for use of approximately 25–50%
milk protein in treatment of MAM. Milk or milk ingredients have also been used in school milk
programs to support growth and nutritional needs of school children and in products supplied to
vulnerable groups like pregnant and lactating women and adults with HIV or TB.

In relation to undernutrition, the effects of milk protein and particularly whey protein, because of
the potential positive effects of specific proteins and peptides in whey, have been investigated. Results
indicate that whey protein may have positive immune stimulatory effects relevant for people with
HIV and some studies suggest improved muscle accretion if taken immediately after exercise. The
effect of milk carbohydrate, i.e., lactose, has achieved little attention. Lactose may have a prebiotic
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effect and may enhance calcium absorption. Studies have furthermore shown that piglets grow faster
if their feed is supplemented with lactose. Future studies are needed to investigate if this can be
confirmed in humans.

Dairy ingredients are expensive and researchers are therefore conducting cost-effectiveness studies
to define the optimal amounts of milk components for different age groups and stages of
undernutrition.

Discussion Points

• An estimated 800,000 children are dying annually due to suboptimum breastfeeding. There is a
huge demand for new insight and perhaps new methodologies for supporting breastfeeding in
low-income countries. What policy initiatives could address the low breastfeeding rates especially
among working women?

• Studies in children with acute malnutrition indicate that feeds containing dried skimmed milk or
whey result in higher recovery rates and/or improved anthropometric outcomes. What type of
studies and cost-effectiveness analyses are needed to find the optimum amount of dairy ingredients
that would support recovery of children with MAM and SAM?

• It is recommended to further investigate if and how milk protein can be (partially) replaced by
cheaper sources of high quality protein. What other sources of proteins (e.g., plant protein or low
cost animal source proteins from insects or small fish) could be used to replace or complement
milk protein? What products would they be used into support recovery from MAM and SAM?

• Lactose constitutes up to 40 energy % of human milk and seems to have several beneficial effects,
including potential positive effects on . gut microbiota, mineral absorption and perhaps growth.
The role of lactose in treatment of undernutrition is not yet well investigated. Which studies are
needed to investigate the effect of lactose in undernourished children?
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Chapter 16
The Role of Breastfeeding Protection, Promotion
and Support in a Developing World

Douglas Taren and Chessa K. Lutter

Keywords Breastfeeding � Breast milk � Breastfeeding support � Kangaroo method � Baby-friendly
hospital initiative � Epidemiology

Learning Objectives

• Evaluate the social determinants of infant feeding and how they may differ between low, middle-
and high-income countries.

• Identify the health and economic benefits of breastfeeding.
• Describe the importance of early initiation of breastfeeding and exclusive breastfeeding.
• Describe the major healthcare-based interventions that support the initiation and continuation of

breastfeeding.
• Describe community-based policies and programs that can increase exclusive breastfeeding rates.

Introduction

Breastfeeding Definitions and Recommendations

In order to address breastfeeding, there is a need to use common terminology regarding infant
feeding. The United Nations Children’s Fund (UNICEF) and the World Health Organisation
(WHO) have identified five key terms that should be used consistently when addressing infant feeding
[1, 2]. These are:

1. Exclusive breastfeeding: infant receives only breast milk (including breast milk that has been
expressed or from a wet nurse) and nothing else, except for oral rehydration solution (ORS),
medicines and vitamins and minerals.

2. Predominant breastfeeding: infant receives breast milk as the predominant source of nourishment.
This includes infants who receive certain liquids (water and water-based drinks, fruit juice), ritual
fluids or ORS, drops or syrups (vitamins, minerals, medicines) but excludes consumption of
non-human milk or food-based fluids.
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3. Breastfeeding: child receives breast milk as well as any other food or liquid, including non-human
milk and infant formula.

4. Breast milk substitute: any food being marketed or otherwise represented as a partial or total
replacement for breast milk, whether or not it is suitable for that purpose. Infant formula:
non-human milks for babies made out of a variety of ingredients, including sugar, animal milks,
soybean, vegetable oils, vitamins, minerals, and are usually in powder form, to mix with water.

5. Complementary feeding: solid, semisolid or soft foods that are fed to an infant who is also
breastfeeding. It is not recommended to provide any solid, semisolid or soft foods to children less
than six months of age.

Exclusive breastfeeding for the first six months of life is recommended by the WHO and uni-
versally accepted as the preferred method for feeding an infant because of how it benefits the physical
health of mothers and children and the cognitive development of children. WHO and UNICEF
recommend that exclusive breastfeeding starts within one hour after birth and continues for the first
six months of life. Furthermore, an infant should continue to be breastfed for the first two years of life
or more with nutritionally adequate and safe complementary foods that are properly fed starting at six
months of age [3]. Breastfeeding has also remained the recommended method of feeding infants of
HIV-infected mothers when formula is not available and can be safely used and should be combined
with antiretroviral treatment of the mother, and of the child for the first weeks after delivery [4].

The termination of exclusive breastfeeding is often considered to occur the first time a child
consumes a liquid, including water or food other than breast milk. The transition from exclusive
breastfeeding to predominant breastfeeding should include the introduction of complementary
feeding with energy and nutrient dense foods that are present in the community or can be provided as
supplements for vulnerable infants in low-resource areas [5].

Although exclusive breastfeeding is considered to have stopped when other liquids or foods are
consumed, it is not unusual to have a child go from being exclusively breastfed to predominant
breastfeeding and back to being exclusively breastfed. This can occur for several reasons including
maternal illness, changing childcare situations and the success of breastfeeding counseling. There is
obviously a need to have a defined way to identify when exclusive breastfeeding has stopped for
various research studies so data can be comparable [6], but healthcare workers must be aware that
women can be encouraged to restart exclusive breastfeeding for their infants that are less than six
months of age even if the infant already consumed other liquids or foods. Thus, the current rec-
ommendation to assess the prevalence of exclusive breastfeeding is based on feeding practices in the
past 24 h using a recall method. However, it is recognized that this method provides a greater
estimate for exclusive breastfeeding rates and is not an indicator for the percent of infants who had not
received any liquid or solid food before six months of age [2, 7].

Nutrient Content of Breast Milk

Colostrum, the first breast milk that is produced immediately after birth, is rich in cellular and
humoral immunological substances including leukocytes and secretory IgA to provide early pro-
tection against neonatal infections. Colostrum also is a natural laxative and supports the infants first
stool, meconium, and at the same time helps with the excretion of bilirubin for the prevention of
jaundice [8]. Nonetheless, many women do not provide colostrum to their infants because they
believe it is dirty, and unhealthy for their infant. In India, it has been reported that gold ash is
provided in lieu of colostrum to support the removal of meconium [9].

Colostrum usually transitions to breast milk within the first few days postpartum, and breast milk
is considered fully mature four to six weeks postpartum. Breast milk continues to contain
immunological factors, cells and hormones that support development [10]. It is also a rich source of
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energy and micronutrients for infants that includes carbohydrates, fats and amino acids. The nutrient
composition of breast milk varies based on several factors including the nutritional status of the
mother, the feeding pattern of her infant and diurnal changes in its composition. It also differs
between the start of a feeding session and the end of a feeding session in which the fat content is
greater when the breast is less full [11–13]. The composition also differs depending on whether the
infant is preterm or term. Preterm milk is richer in protein but may not have a sufficient nutrient
composition to support very preterm and low-birth weight infants without fortification [13].

Breast milk is not a rich source of iron, vitamin K or vitamin D. Supplementing infants with
vitamin K and D is recommended, but mainly practiced in high-income countries [14, 15]. For
vitamin K, some countries give it by injection at birth while others provide drops for the first couple
of weeks or months. Vitamin D is generally given in the form of drops. For iron, infants rely on stores
laid down toward the end of the pregnancy. Thus, preterm infants have very small iron stores and
hence require supplementation from 1 month of age [14]. Vitamin A content of breast milk can also
be low but can be increased by providing mothers a diet rich in (pro)vitamin A or supplements
resulting in improved vitamin A status of breastfed infants [15–17]. More recently, dietary patterns
have also been shown to affect the B vitamin content of breast milk [18]. Antenatal supplementation
of vitamin B12 and during the postpartum period has increased the B12 concentration in colostrum
and breast milk and decreased the methylmalonic acid concentration in infants up to 3 months of age.
The improvement in the B12 status also improved immune responses of mothers and led to less
inflammation in infants [19]. A review of the breast milk concentration of specific group 1
micronutrients (thiamin, riboflavin, vitamin B6, vitamin B12 and choline) suggested that deficient
mothers also had deficient breast milk concentrations and that breast milk concentrations could be
improved by either improving the mother’s diet or providing mothers supplements and supports the
need for additional research in this area [20]. Furthermore, additional information about the com-
position of breast milk is presented in Chap. 15.

Breastfeeding and Infant Health

Breast milk and the act of breastfeeding can never be replaced by the use of infant formula and bottles.
Breast milk is safer than formula with the risk of either not mixing formula powder correctly and the
potential use of unclean water. Breastfeeding can also decrease a woman’s fertility, increasing the time
between pregnancies. Breast milk provides nutrients and other substances that protect infants from
infectious diseases and promotes growth and development. Breastfed infants have a stimulated immune
system and improved response to immunizations compared with non-breastfed infants. Emerging data
now indicate that breastfed infants have a decreased risk for developing chronic diseases such as obesity
and possibly type 2 diabetes later in life [21]. A systematic review of 17 studies suggests that breastfed
infants at six months of age may have greater weight and length than non-breastfed infants and at the
same time have a lower body mass index [22]. This effect can also continue into later ages decreasing
the risk of obesity, type 2 diabetes and even childhood leukemia [23, 24].

Although data indicate that breastfeeding is able to decrease the risk of developing diarrheal and
respiratory infections, it may do so in different ways and its effect may be different based on a child’s
age. For example, the impact of breastfeeding appears to have a greater impact on decreasing the risk
for respiratory infections in the first few months of life and has a greater impact on decreasing
diarrheal episodes when exposure risk increases because an infant starts crawling which increases
exposure to pathogens [25]. Additional benefits to infant and child health include decreasing the risk
of otitis media and dental caries [26, 27]. Breastfeeding slightly decreases the risk for asthma, and
meta-analyses suggest that breastfeeding may not decrease the risk for eczema or food allergies [28].
Breastfeeding is even associated with greater cognitive development impacting school performance
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and economic status [29, 30]. Recently, it was estimated that no or low levels of breastfeeding costs
about $302 billion annual or 0.49% of world gross national income because of the lower cognitive
development of non-breastfed children [31].

Breastfeeding and Maternal Health

Breastfeeding also benefits maternal health. Immediately following birth, breastfeeding supports the
involution of the uterus by stimulating oxytocin. This occurs with skin-to-skin contact and with infant
suckling [32]. In fact, external administration of oxytocin is the primary uterotonic drug recommended
for the prevention of postpartum hemorrhage in cesarean sections [33]. Breastfeeding also promotes
the length of postpartum amenorrhea that reduces fertility leading to increased birth intervals and
supports the faster rebuilding of iron stores [34]. There is also evidence that metabolic changes are
promoted by breastfeeding well beyond the actual period that breastfeeding takes place. Breastfeeding
may decrease the risk of cardiovascular disease, high blood pressure and stroke [35]. Breastfeeding
also significantly reduces the risk of type 2 diabetes, ovarian cancer and breast cancer [36].

The energy requirements for women during breastfeeding are greater than during pregnancy.
While average energy needs for women during pregnancy peaks during the third trimester at about
1.95 Mj/day, the energy requirement for producing an average of 849 g of fullterm breast milk is
2.62 Mj/day [37]. Not meeting this significantly increased energy need can lead to a negative energy
balance and weight loss. Repeated pregnancies and lactation in these conditions can lead to maternal
depletion syndrome increasing the risk for poor maternal and infant health [38–40]. Although it is
often stated that breastfeeding is associated with maternal weight loss after birth, this is difficult to
measure over time and past studies are not conclusive. What does seem to be important when
measuring the effect of breastfeeding on weight loss is the amount of gestational weight gain,
breastfeeding duration beyond the first six months, the intensity of breastfeeding within a specific
time frame and the dietary pattern of breastfeeding women [41, 42].

There are strong biological and psychological reasons supporting the concept that breastfeeding
increases maternal–infant bonding due to the hormonal responses that are stimulated with nursing
[43]. The presence of oxytocin in maternal and infant blood is also associated with decreased cortisol
levels that may be the biological mechanism that supports increased social interaction, and decreased
anxiety and blood pressure [32]. On the other hand, few rigorous epidemiological studies have been
done on the role of breastfeeding and the mental health of mothers to determine the strength of this
impact [44]. Future studies need to better account for self-selection, take into account when measures
of bonding are collected and the length and intensity of breastfeeding.

Similarly, the role that breastfeeding has on postpartum depression is important to measure.
Although it is clear that depression leads to shorter breastfeeding duration, especially exclusive
breastfeeding, it has less of an effect on the intention to breastfeed [45, 46]. Additionally, in Goa
India, having troubles with breastfeeding was twice as likely to occur in women with postnatal
depression compared with those without depression [47]. This is very important to note given that the
prevalence of postpartum depression has been reported to be greater in 22 of 28 low- and
middle-income countries compared with high-income countries. The prevalence of post-depression
was reported to be between 5 and 33% in 12 Asian countries and between 7 and 33% in 10 African
countries [48] compared with a prevalence rates between 8.5 and 19% in high-income countries [49,
50]. These studies support the need for early screening and diagnosis of postpartum depression to not
only improve the mother’s mental health but also to have her continue to exclusively breastfeed her
infant. Similarly, women who are having negative breastfeeding experiences may be at greater risk
for developing depressive symptomatology [46]. On the other hand, recent studies suggest that
breastfeeding has a strong psychoneuroimmunological role by decreasing stress and the release of
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cytokines that are related to decreasing depression. Specifically, exclusive breastfeeding may decrease
depressive symptoms by improving sleep parameters compared with mixed and formula feeding
based on measures of total minutes of sleep, minutes to get to sleep, slow-wave sleep, daytime fatigue
and perceived physical health [51].

Infant Feeding After 12 Months

When studying the impact of long-term breastfeeding, i.e., into the second year of life, several factors
need to be considered. These include the characteristic of lactation itself, physiological factors,
bio-cultural factors, the health effects of breast milk on the child after one year of age, effect on the
mother’s health and environmental factors. As a mother continues to breastfeed into a child’s second
year of life, it is done with less frequency and duration as complementary foods become more and
more a source of the child’s nutrition. Nonetheless, breast milk does remain a rich source of nutrients
and other immune promoting substances [10, 52]. During this period, breast milk has a greater
concentration of immunologically active compounds such as lactoferrin, lysozyme,
Immunoglobulin A and oligosaccharides [52, 53]. However, this may not be the case for some
minerals, such as zinc and calcium [53].

Breastfeeding in the second year of life has been associated with decreased morbidity and mor-
tality related to diarrhea. Not breastfeeding has been reported to increase the risk of diarrhea
prevalence by 39%, and more than doubled the risk for diarrhea mortality and all-cause mortality for
children 12–23 months of age [54]. Even when breastfeeding after one year of life was not associated
with an increased weight and length, it was shown to significantly decrease mortality between 12 and
35 months of age [55].

Additional research is still needed to determine the effect of breastfeeding into the second year of
life on the growth of children after 12 months of age. The primary issue with studies on the rela-
tionship between breastfeeding for longer than 12 months and infant growth has been the fact that
these were observational studies that were unable to control breastfeeding choices which were hence
not independent from women’s health and social status. Studies that have found no effect or a
negative effect of longer breastfeeding have been conducted among low-income women who also
may not have had the knowledge or resources to properly provide adequate complementary food [56].
Additionally, the effect of breastfeeding on growth after one year is also more likely in environments
that lack adequate water and sanitation [57]. Similarly, it is essential to understand the reasons why
women stop breastfeeding early. Reverse causality in which women continue to breastfeed because
their children are growing poorly may be one reason for associating poor growth with extended
breastfeeding [58]. However, there are studies that have reported that extended breastfeeding was
associated with greater length-for-age measures compared with weight-for-length when food
resources are limited and the timing of appropriate complementary food was delayed [59]. The
increased growth of breastfed children may be mediated through breast milk adiponectin that supports
the regulation of glucose and fat metabolism [60].

Breastfeeding Initiation

Breastfeeding is an innate, learned and social activity that needs to be integrated into local food
systems [61]. Although knowledge about the nutritional and maternal and child health benefits of
breastfeeding is a major factor that contributes to breastfeeding, there are still reasons why women
may not initiate breastfeeding or stop early. The most common breastfeeding problems that lead to
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maternal discomfort include breast engorgement, mastitis and sore nipples. One cause of these
problems is breast thrush, caused by candida albicans, a fungal infection. These problems occur most
often in primiparous women who have the least experience with breastfeeding and can be prevented
and easily treated with early detection, counseling and treatment [62–65]. Additionally, mothers will
often stop exclusive breastfeeding when they think their milk supply is not sufficient, which can be
resolved by more frequent and longer breastfeeding sessions [66, 67].

Prelacteal feeding practices still exist, and although sugar solutions are the most common, butter,
honey and milk are also given [68, 69]. These practices can lead to not initiating breastfeeding and to
early cessation. Home delivered births were associated with prelacteal feeding in Ethiopia [69].
Similarly, mother’s expectations and socioeconomic status were especially important along with
tobacco use in Greece [70]. The information and support physicians, nurses and other healthcare
professionals provide to women as well as their attitudes on breastfeeding are important factors to
whether women initiate and continue breastfeeding and are able to manage any of the common
discomforts such as mastitis and sour nipples [71, 72].

Kangaroo Method

An important method to promote successful breastfeeding and survival in low-birth weight infants is
the Kangaroo method of care. The Kangaroo method is when a premature infant is held skin-to-skin
with its mother for a long period of time to promote child development by providing thermal
regulation and to enhance breastfeeding practices and maternal–infant bonding. Studies have not
consistently reported the length of time babies are exposed to skin-to-skin contact with respect to
specific outcomes. However, in Bangladesh it was reported that seven hours a day significantly
decreased new born deaths for low-birth weight babies who remained hospitalized compared with
infants who had minimal skin-to-skin contact [73]. The increased skin-to-skin contact was also
associated with greater antenatal interaction between mothers and community health workers. The
Kangaroo method is often incorporated into other clinical practices for infants who are low birth
weight, including early hospital discharge for non-symptomatic infants, education on positioning
infants in an upright position, breastfeeding support after hospital discharge and part of baby-friendly
hospitals that are discussed later in this chapter.

The Kangaroo method was developed to support the growth and development of premature infants
and initiated at the San Juan de Dios Hospital in Bogota, Colombia [74]. Venancio and de Almeida
have provided a good history of its evolution and explained that its initial conception was for
resource-poor areas given the many structural and technological limitations to providing neonatal
intensive care [75]. Successful implementation of the Kangaroo method requires strong prenatal and
postnatal support [73].

The incorporation of the Kangaroo method has also been shown to increase the duration of
exclusive breastfeeding and total time a child is breastfed [76]. In a multicenter randomized trial in the
USA, premature infants with an APGAR score greater than six who were exposed to the Kangaroo
method with an average of four hours of skin-to-skin contact per day were nearly twice as likely to
exclusively breastfeed at six weeks of age and five times more likely to exclusively breastfeed at three
months of age as compared to infants with the same characteristics that were not exposed to the
Kangaroo method [77].

There is good evidence that there is a strong association between the Kangaroo method and
improved morbidity and mortality outcomes in low-income countries. The Kangaroo method pro-
vides for increased weight gain for premature infants and decreased risk for hospital acquired
infections [78, 79]. Cost savings for reduced intermediate care in India has been observed when
hospitals implement the Kangaroo method even when there was no difference in the mortality and
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morbidity for very low birth weight infants (<1500 g) [79]. The Kangaroo method has focused on
stable preterm low and very low birth weight infants, and more information is needed about long-term
costs and impact on less stable preterm infants [80].

Most studies on the Kangaroo method have focused on infant outcomes, and less information is
known about maternal outcomes. An interesting case report suggested that a woman’s mental health
improved when she was instructed to provide breast milk with an emphasis on skin-to-skin contact
[81]. Other studies have also shown improved psychological outcomes of stressed mothers of
low-birth weight infants with skin-to-skin contact [78]. The adaptation of the Kangaroo method has
also provided an added value to the bonding and health status for mothers and children in
higher-income countries and within the confines of higher technology-based infant care units [75].
Additionally, data suggest that the Kangaroo method may help in preventing and managing post-
partum depression [82].

An important supplement to the Kangaroo method can be to provide cup feeding to premature
infants in lieu of bottle feeding within neonatal intensive care units. One week following discharge,
47% of infants in Egypt who were cup fed were being exclusively breastfed after discharge compared
with 33% who had been bottle fed [83]. A greater percentage of preterm infants who were cup fed
continued to be exclusively breastfed for six months (57%) compared with infants who were bottle
fed (42%) in hospitals [84]. These results may be due to the need for less suckling effort with bottle
feeding by the infant, which may reduce the ability to revert back to breastfeeding. Cup feeding also
uses a very different technique and may not affect sucking ability.

Breastfeeding and the 2030 Agenda for Sustainable Development

The promotion of breastfeeding is an integral part of the 2030 Agenda for Sustainable Development
[85, 86] and directly contributes to 9 of the 17 goals. Breastfeeding is environmentally sound as breast
milk is a natural, renewable food that is produced and fed without packaging or waste. It plays a
significant role in improving nutrition, education by increasing health and cognitive development, and
maternal and child health and survival [28]. It also contributes to reduced inequalities, as it is one of the
few positive health-related behaviors in low- and middle-income countries that are less frequent in
higher-income people, both between and within countries. Breastfeeding decreases poverty as
breastfed children have lower healthcare costs. Workplace policies that support breastfeeding benefit
both employers and mothers as mothers miss less work because of child illness, and this outweighs the
time that mothers require for breastfeeding or expressing breast milk while at work [23, 25, 63, 87].

Breastfeeding Trends

Global and Regional Trends

The WHO Global Data Bank on Infant and Young Child Feeding is a rich source on breastfeeding
trends by country based on the most current countrywide surveys. Continual updates on breastfeeding
rates are also available in the annual UNICEF report The State of the World’s Children. The World
Breastfeeding Trends Initiative (WBTi), coordinated by the International Baby Food Action Network
(IBFAN), is an important source of data on the implementation of pro-breastfeeding policies and
programs. When comparing information about breastfeeding rates, there are differences in the
reported estimates mostly due to the number of countries included in the estimates, choice of indi-
cators, method of analysis and the years used for the estimates.
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Population measures of breastfeeding practices should focus on three broad domains that
encompass the early initiation of breastfeeding, exclusive breastfeeding and the continuation of
breastfeeding into the second year of life [2]. Monitoring breastfeeding rates within these domains
should include (1) the proportion of infants who were put to the breast within one hour of birth,
(2) the proportion of infants less than six months of age who were fed exclusively with breast milk
and (3) the proportion of children 12–15 months of age who receive breast milk.

The World Health Assembly (WHA) has endorsed the goal to have at least 50% of infants being
exclusively breastfed during their first six months of life by 2025. In 2016, it was estimated that only
37% of children less than six months of age in low- and middle-income countries were being given
only breast milk in the previous 24 h (the definition of exclusive breastfeeding used in most surveys,
see explanation of indicators above) [28]. This is a slight increase from the 27.9% estimate for 1990
[88]. According to the UNICEF’s Infant and Young Child Feeding Database, the exclusive breast-
feeding rates for low-income countries were 47% [89]. This translates to having very few countries
that are currently meeting the goal set by the WHA (Fig. 16.1).

Global trends suggest that the percent of infants who are ever breastfed and those infants who are
breastfed for six months and 12 months of age occurs at high rates in low- and middle-income
countries but is lower for upper-middle- and upper-income countries. However, even in countries
with high rates of breastfeeding, only about half the women initiate breastfeeding within an hour after
birth and a lower percentage breastfeed exclusively until the child is 6 months of age. Breastfeeding
into the second year of life is greatest for the low- and middle-income countries and infrequent in
high-income countries [28]. In a review of 11 studies, the pooled prevalence for breastfeeding up to
two years of age and beyond was 33% with a wide range among countries from 1% to greater than
90% [90].

In low- and middle-income countries, 63% of infants less than six months of age are not being
exclusively breastfed, which means that they are receiving other liquids (including water) and/or

Fig. 16.1 Exclusive breastfeeding rates (<6 months) 2010–2015. Updated November 2015. Values from the data and
analytics section; division of data, research and policy, UNICEF. Data Downloaded June 23, 2016 from http://data.
unicef.org/nutrition/iycf.html. Map prepared by Ramon Martinez
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foods [28]. While water, teas, juices and other liquids and milks are introduced first, semisolid foods
follow soon after. Global data are not available on the percentage of children receiving different
categories of liquids and foods. However, the Demographic and Health Surveys provide data for
some low- and middle-income countries though for most countries recent surveys are not available.
Data from surveys conducted since 2010 show varying trends. For example, among infants less than
three months of age, formula use ranged from less than 1% in most African countries to more than
20% in Colombia and Peru. The percentages increased only slightly between four and six months.
The use of other milks in African countries was more common among infants less than three months
and between four and six months compared to Colombia and Peru though the percentages were still
less than 10% in most countries. Bottle use was more prevalent in more countries, among infants
between four and six months of age reaching more than 15% in Cameroon, Ethiopia, Gabon, Uganda,
Armenia, Cambodia, Colombia and Peru. Global data are not available on complementary feeding
practices, but the few data that are show that practices are far from optimal. Data from 46 low- and
middle-income countries between 2002 and 2008 show that among children less than five years of
age only half of children 6–24 months of age met the recommended minimum daily numbers of
meals, less than one-third met the minimum criteria for daily dietary diversity and only one in five
breastfed children satisfied the criteria for minimum acceptable diet [91].

With the exception of three high-income countries (France, Spain and the USA) where more than
20% of newborns do not initiate breastfeeding, in other countries less than 20% of newborns fall into
this category and less than 10% in low-middle-income countries. Robust global data on the preva-
lence of prelacteal feeds and the use of pacifiers are not available.

Global sales of breast milk substitutes (including milk formula, for infants <6 months of age,
follow-on milks and growing-up milks) is large and growing, currently estimated at US$ 44,800
million and projected to increase in 2019 to US$ 70,600 million [31]. Furthermore, growth appears to
be recession proof; during the recent global recession sales continued to increase. The increase in
milk formula is greatest in middle-income countries as the market is saturated in high-income
countries. Indeed, projected growth in two countries, the USA and France is negative. In high-income
countries, growth is due to increased sales of follow-on formulas and growing-up milks.

Breastfeeding is one of the few health-related behaviors where practices are better in low- and
middle-income countries and among low-income women compared to high-income countries [28].
The most common proximal reason reported by mothers for introducing other liquids and foods is
“insufficient milk.”Other common reasons include advice from a health professional and employment.

The data in the preceding paragraphs indicate that priority efforts should focus on promoting
exclusive breastfeeding and after six months improving the complementary feeding diet by promoting
nutrient-dense foods such as eggs and other animal source foods.

Suboptimal breastfeeding practices, including non-exclusive breastfeeding, contribute to the death
of children less than 5 years of age [92]. Estimates conducted in 2015 suggest that 823,000 child
deaths and 20,000 women deaths from breast cancer could be prevented each year if 95% of all
infants younger than 6 months would be exclusively breastfed [28].

There is evidence from Sri Lanka, Cambodia and Malawi that it is possible to increase exclusive
breastfeeding rates [93–95]. Knowledge about the importance of exclusive breastfeeding in rural
Indonesia was an important determinant for exclusive breastfeeding for 6 months [95]. Early ces-
sation of exclusive breastfeeding occurred more often when formula was provided to infants in
hospitals, and when there was a lack of family support [95]. Furthermore, cessation of exclusive
breastfeeding before 4 months of age was reported to be due to concerns about inadequate weight
gain and after 4 months was associated with returning to work [93]. Greater breastfeeding knowledge
was also important but was negated by unsupportive family members [95]. Both the USA and Canada
have made significant improvements in breastfeeding promotion by focusing on the healthcare system
using baby-friendly hospitals [96]. All countries, including high-income countries, need to improve
their exclusive breastfeeding rates [97, 98].
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There is also a potential paradox when breastfeeding rates change. Although, breastfeeding rates
can increase in a country, a report from Cambodia indicates that even with increasing rates of
exclusive breastfeeding, during the same interval the percent of children six to 24 months of age
receiving infant formula increased. The greatest increase occurred among children born in private
clinics and the urban poor [99]. Also, in Nigeria, a greater initiation of exclusive breastfeeding was
associated with supportive hospital practices and higher maternal education. However, while wealth
was associated with a higher rate of exclusive breastfeeding, it was also associated with an increased
use of infant formula [100]. Similarly, the correlation between the various population-level metrics of
exclusive and continued breastfeeding was shown to be of moderate strength and varied by region
[28]. Understanding the dynamics of various social, economic, governmental and industrial pressures
on these rates is important in order to develop effective breastfeeding promotion programs and to
support appropriate infant feeding practices.

Community and Global Issues Affecting Breastfeeding

The direction for how socioeconomic factors are associated with breastfeeding practices is
site-specific and based on the economic status and the culture of a population. Additionally, taking a
human rights approach to breastfeeding may at times put the right of the mother and the right of a
child at odds [101, 102]. Several countries also have criminalized HIV transmission and in
high-income countries, a HIV-positive mother’s right to breastfeed has been questioned by courts
based on having complete access to the conditions required for safely providing formula to her infant
[103, 104]. Alternatively, scaling up the implementation of WHO recommendation to prevent
mother-to-child HIV transmission, including exclusive breastfeeding, appropriate introduction of
complementary foods and the use of ARVs have been shown to consistently reduce new childhood
HIV cases [105].

Socioeconomic factors also contribute to breastfeeding rates. In high-income countries, women
with higher education, economic status and maternal age are more likely to breastfeed [106]. In
contrast, in low-income countries, mothers from households with greater wealth were more likely to
delay the initiation of breastfeeding and have a shorter duration of exclusive breastfeeding [107].

Maternal use of pacifiers has also been studied as a factor related to breastfeeding cessation. In a
randomized study that reported no effect of prenatal counseling on pacifier use, twice as many women
who used a pacifier everyday had stopped breastfeeding by 3 months of age compared with those
women who received the education on alternatives to pacifiers [108]. It is possible that pacifier use
may have led to less milk production or was a marker for distancing of the mother from her child, an
act that is a precursor to the cessation of breastfeeding. Australian breastfed babies also had a greater
odds of receiving formula from hospital staff if they perceived that their mother was less likely to
continue breastfeeding, including being a primiparous mother, non-English speaking, a mother with a
BMI > 30, having a birth by cesarean section, having a child admitted to high-risk unit and being
born with a birth weight less than 2500 g [109].

Prior to the advent of the WHO growth charts that are now based on breastfed infants, recom-
mendations on when to introduce complementary feeding may have occurred prematurely by many
clinicians. This occurred when breastfed children appeared to fall off the growth curve at around four
months of age, decreasing their weight-for-age percentiles because growth curves based on
formula-fed infants were used. The WHO growth charts now provide clinicians with information that
indicates that the average weight of breastfed infants increases greater in the first few months of life
and then more slowly afterward. Thus, the new growth charts allow clinicians and parents to better
compare the appropriate growth of breastfed children.
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The breastfeeding practices of HIV-positive mothers have also been affected ever since it was
known that the HIV virus could pass through breast milk. The primary factors related to
mother-to-child transmission of HIV (MTCT) are the health and viral load of the mother and how
well her HIV status is being controlled with antiretroviral (ARVs) medication [110]. HIV-positive
women who do breastfeed should be provided counseling on breastfeeding methods that decrease the
risk of transmission and be able to identify signs of mastitis, breast abscesses and nipple fissures so
they may be promptly treated. Exclusive breastfeeding is critical for HIV-positive mothers as this
decreases the risk for transmission to her child, especially during the first 2 to 4 months of life [105,
111]. Furthermore, an HIV-positive mother without access to ARVs who decides to breastfeed should
be provided information on how to discontinue as soon as possible based on having access to
appropriate replacement feedings and local conditions.

Breastfeeding Protection, Promotion and Support

The socioecological model to assess the social determinants of breastfeeding can be used to determine
what factors need to be addressed to have a comprehensive approach to breastfeeding promotion
(Fig. 16.2). It is increasingly recognized that in addition to providing women with information and
counseling, regarding breastfeeding, it is imperative to improve public policies and support systems
that are most proximal to their lives. Women live and work within many different organizational
structures that can support or provide barriers to breastfeeding infants. Similarly, community norms
and public policies can modify the physical and social environment so breastfeeding can be practiced
and become a social norm. For example, maternity leave policies can greatly affect breastfeeding rates
[112]. In the USA, the length of maternity leave is 12 weeks, if certain conditions are met, but there is
no national program to continue a women’s salary during this time, while Germany provides
14 months of maternity leave and mothers are able to receive 65% of the wages. Other countries such
as Malta, New Zealand, Slovenia, Austria, France, Spain, the Netherlands, Denmark and Russia
provide 100% of wages during maternity leave the length of which varies among these countries [113].

Fig. 16.2 Socioecological model and social determinants of breastfeeding
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Policies and Guidelines

The protection, promotion and support of breastfeeding need to occur both within and outside the
healthcare systems [11]. WHO and UNICEF support countries to implement the priority actions
outlined in the Global Strategy for Infant and Young Child Feeding [3]. The focus is on five major
areas: national level, health systems level, community level, through communication and advocacy,
and during difficult circumstances. The messages and programs that are directed at each of these
levels need to be coordinated for the best outcomes [114].

The penetration of breastfeeding promotion tends to be less driven by the socioeconomic status of
families in a community compared with other interventions. Data from 54 countries indicated that
various efforts to increase the early initiation of breastfeeding appeared to only cover 46% of the
target population. This was the third lowest coverage for an intervention among 12 other maternal and
child health intervention. Only the number of children who had access to insecticide-treated bed nets
(15.4%) and access to oral rehydration therapy (40.1%) had lower coverage [115].

Increases in breastfeeding rates are associated with national policies with the greatest improvements
occurring in countries with the lowest initial rates [116]. An analysis from the World Breastfeeding
Trends Initiative (WBTi) on national policy and programs to promote breastfeeding supports the
concept that there has been a greater impact on increasing the initiation and duration of breastfeeding
compared with the duration of exclusive breastfeeding [117]. Implementing the International Code of
Marketing of Breast Milk Substitutes [1] and providing maternity protection legislation are national
policies that have supported an improvement in breastfeeding practices [118, 119]. The Code includes
11 articles starting with the aim, scope and definitions that make up the Code. The next articles provide
information about practices that should be maintained by manufacturers and distributors of breast milk
substitutes, including what type of information and education should be provided about breast feeding
and breast milk substitutes, policies and programs for healthcare systems, professional ethics, and
labeling of breast milk substitutes. Additional articles address issues regarding the quality of breast
milk substitute products and on requirements regarding the implementation and monitoring of the
Code. It is also essential that healthcare systems prevent unscrupulous promotion of breast milk
substitutes in any form, including giving out free formula, and formula needs to be properly labeled to
state that breast milk is the best source for normal infant feeding [1].

Policies and Practices Regarding the Marketing of Breast Milk Substitutes

Article 4: Information and Education

All information and educational materials should include information on:

(a) Benefits and superiority of breast-feeding.
(b) Maternal nutrition and preparation for breast-feeding.
(c) Negative effect of introducing partial bottle-feeding.
(d) Difficulty of reversing the decision not to breast-feed.
(e) Where needed, proper use of infant formula.

Donations of informational or educational equipment of materials by manufacturers:

(a) Only be given upon request and with written approval by appropriate government authority.
(b) Only distributed through the health system without reference to proprietary products.

Article 5: The General Public and Mothers

(a) No advertising or promotion to the general public of products.
(b) No distribution of product directly or indirectly to pregnant women, or family members.
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(c) No point-of-sale advertising or inducements to promote sales of product.
(d) Manufacturers and distributors should not distribute any gifts of articles or utensils to

mothers and/or mothers of infants to promote the use of breast milk substitutes or
bottle-feeding.

(e) Marketing personnel should not come in direct or indirect contact with pregnant women or
mothers of infants and young children.

Article 6: Health Care Systems

(a) Member States should take appropriate measures to encourage and protect breast-feeding.
(b) The healthcare system should not be used to promote infant formula.
(c) Healthcare facilities should not display or promote or distribute materials to promote

product.
(d) No healthcare staff should be provided by or paid by manufacturers.
(e) No donations or low-price sales to institutions or organizations of formula should be made

except for infants who have to be fed breast milk substitutes.
(f) When donations are made enough needs to be provided to ensure infants have access for as

long as needed and should only bear the name of the company but not the product.

Article 7: Health Workers

(a) Health workers should encourage and protect breast-feeding.
(b) Information provided by manufactures to health workers should be restructured to scientific

and factual matters.
(c) No financial or material inducements should be given to health workers by manufacturers.
(d) Health workers should not give samples of infant formula to pregnant women, mothers of

infants and young children or their family members.
(e) Manufacturers should disclose health workers who have received any benefits from them.

Article 8: Persons Employed by Manufacturers and Distributors

(a) Amount of sales should not be part of bonuses or quotas for distributors.
(b) Employees should not provide any education to pregnant women or mothers of infants and

young children.

Article 9: Labelling

(a) Labels should not be designed to discourage breast-feeding.
(b) Label should address the superiority of beast-feeding and instructions on proper use of

formula.
(c) No pictures of infants should be on containers or labels.
(d) Other infant feeding products should also meet all the requirements of the code.

Monitoring the marketing of breast milk substitutes can take on many forms, and interventions to
stop inappropriate marketing of breast milk substitutes can help meet the global standards for
breastfeeding. At the same time, information needs to be given to women who cannot or choose not to
breastfeed on when it may be appropriate to use formula, how to properly prepare formula and how to
know how much formula to provide an infant based on hunger cues from the child, its age and
weight. Situations where this applies include for example when there has been a maternal death,
severe illness or when a woman needs to return to work and her employer does not have policies or
programs in place that support breastfeeding. Furthermore, as previously stated, it is important to
support the infant feeding choice of women based on their rights to care for their children. Supporting
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women who have difficulty breastfeeding is important to prevent feelings of inadequacy and
depression from not breastfeeding that can arise from their own sense of failure and that from society.
This positive approach to breastfeeding and infant feeding may actually help improve breastfeeding
rates due to decreased stress on women to successfully breastfeed.

Promotion Programs

Hospitals can have a special role as institutions for promoting and supporting the initiation of
breastfeeding. Leaving the hospital while exclusively breastfeeding is an important marker as to who
will stop breastfeeding early [120]. There are many ways to promote breastfeeding within clinical
settings.

The Baby-Friendly Hospital Initiative (BFHI) initiated by the WHO and UNICEF in 1991 fol-
lowing the Innocenti Declaration of 1990 [121] is recognized as the foundation for how healthcare
systems should support breastfeeding. The BFHI was updated and revised in 2009 and provides
curricula, training and support of health workers and health information systems [122]. The BFHI is
now being promoted to be a standard component of Integrated Care [123]. An international group
from Northern Europe and Canada has recommended an expansion of the BFHI to provide more
focus to the neonatal unit [123]. The 10 steps required to fulfill the BFHI are provided below.

Steps for Baby-Friendly Hospital Initiative

1. Have a written breastfeeding policy that is routinely communicated to all healthcare staff.
2. Train all healthcare staff in skills necessary to implement this policy.
3. Inform all pregnant women about the benefits and management of breastfeeding.
4. Help mothers initiate breastfeeding within one half-hour of birth.
5. Show mothers how to breastfeed and maintain lactation, even if they should be separated

from their infants.
6. Give newborn infants no food or drink other than breast milk, unless medically indicated.
7. Practice rooming in—that is, allow mothers and infants to remain together 24 h a day.
8. Encourage breastfeeding on demand.
9. Give no artificial teats or pacifiers (also called dummies or soothers) to breastfeeding

infants.
10. Foster the establishment of breastfeeding support groups and refer mothers to them on

discharge from the hospital or clinic.

Baby-friendly hospitals (BFHs) that have initiated these steps support early production of breast
milk and decreases in the initial weight loss of new born infants. In particular, BFHs have obtained
these results with policies that support having mothers rooming in with their infants, start breast-
feeding within 30 min after birth, feeding on demand, and having more control and comfort with
taking care of their infant [124]. BFHs have also been shown to increase rates of exclusive breast-
feeding, to reduce the incidence of gastrointestinal disease and atopic eczema during the first year of
life, and to improve children’s IQ and academic performance [125]. A randomized trial in Brazil
indicated that baby-friendly hospital practices increased the duration of exclusive breastfeeding with
significant differences occurring as early as one month after birth and continued to be different for
infants who were 12 months of age [126]. Additionally, this increase was greater for more under-
privileged families compared with families with greater economic status [127, 128]. BFHs increased
exclusive breastfeeding by 0.5 months and any breastfeeding by one month after controlling for
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maternal age, education and occupation [106]. BFHs can continue to impact breastfeeding rates up to
6 months of age [129]. A Russian studied reported that BFHs not only increased exclusive breast-
feeding in hospitals but also was associated with an increase in the percent of infants who were
breastfed for 6–12 months in the surrounding area [124].

There is evidence that the BFHI supports breastfeeding also for low-birth weight infants [130].
BFHs can even increase breastfeeding metrics when they don’t completely sustain implementation of
all 10 steps at a high level [131]. BFHs have increased initiation of breastfeeding rates even when
formula is provided in-hospital. However, studies that measure the impact of the BFHI must take into
account the initial breastfeeding rates. When the rate for the initiation of breastfeeding rates are high
(>90%) as in a study from Queensland, possibly due to preexisting cultural norms toward breast-
feeding, initiating and promoting new hospital individual practices directly related to breastfeeding
such as rooming in, breastfeeding within the first hour after birth and skin-to-skin contact, no hospital
supplementation may have little effect in terms of further increasing already high initial breastfeeding
rates [132]. However, when women were exposed to all four components they were nearly three times
more likely to continue to breastfeed for four months compared with women exposed to fewer
support practices.

The BFHI can also provide other clinical support such as additional prenatal visits, daily
in-hospital breastfeeding support and postpartum home visits during the first year of life [133].
Interestingly, there is evidence that BFHs have also been associated with decreased cesarean section
rates [134].

Although there have been numerous gains in creating BFHs, poor clinical feeding practices still
occur that decrease breastfeeding outcomes. Two major factors are cesarean sections and in-hospital
feedings of glucose water, which are important barriers to breastfeeding initiation [135, 136]. Thus,
even when BFH are started, continual training is needed to keep up with regular staff turnover [137]
and a process for recertification every three to five years needs to be established.

Other methods to support breastfeeding and providing breast milk to infants include wet nurses
and milk banks. These methods came under scrutiny with the onset of HIV and the knowledge that it
could be transmitted through breast milk. However, with new methods for testing multiple com-
pounds in breast milk including hepatitis and HIV, and with the pasteurization of milk, milk banks are
once again becoming a reliable source for providing breast milk to infants. In Brasil, there are a total
of 336 milk bank centers of which 123 collect human breast milk and 213 store breast milk within the
Brazilian Human Milk Banks Network [138]. Pasteurized breast milk from donors has been shown to
decrease necrotizing enterocolitis but may not promote increased short-term growth due to its
decreasing effect on the activity of growth promoting hormones such as adiponectin and insulin even
while nutritional components such as glucose, fatty acids and some vitamins are preserved [139, 140].

How breastfeeding can be supported in the presence of provision of free supplemental formula has
been controversial for the United States Special Supplemental Nutrition Program for Women Infants
and Children (WIC). Over the 30-year history of the WIC program, various rules and guidelines have
increased the use of lactation consultants and food packages for increasing breastfeeding rates and
duration. However, the relative results have had a limited impact on increasing breastfeeding rates for
these low-income women. The breastfeeding start rate for WIC women was 26.7% in 2010 and only
increased to 29.5% in 2013 [141, 142]. These rates remain well below the national estimate of 76.5%
breastfeeding start rate for newborn infants in 2013 [143]. These outcomes may not be surprising
given a large proportion of women only received one nutrition education session between their first
postpartum visit and their six-month follow-up visit and less than half receive two nutrition education
contacts during the same six-month period [144]. Furthermore, WIC investment for nutrition edu-
cation on breastfeeding promotion was less than $350 million compared with $920 million on
expenditures for formula in 2010 [145]. Thus, the provision of free formula may outweigh the impact
that lactation consultants or an individual breastfeeding promotion program can have on breastfeeding
rates for low-income women who are young, lack role models, lack formal and informal supports for
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breastfeeding or need to return to work [146, 147]. What has appeared to increase breastfeeding rates
among WIC participants has been an increase in the amount food and fresh food provided to
breastfeeding women [148].

Breastfeeding support also needs to include personalized messages. These messages should be
given to the mothers and to her support groups including other family members. Successful breast-
feeding includes the presence of support groups that can be developed formally or informally [149].
A home visiting program with community health workers in Nairobi has successfully promoted
breastfeeding [150]. Home visits have also been an important method to increase exclusive breast-
feeding in high-income countries [151]. Home visiting and the inclusion of peer counselors has also
improved the six-month exclusive breastfeeding rate in a randomized multi-country trial that took
place in Burkino Faso, Uganda and South Africa [152]. A dose response with the number of home
visits also increased exclusive breastfeeding rates in South Africa among women living with HIV
[153]. The effect of this program also led to an increased likelihood of participating in additional
healthy behaviors such as the use of condoms and growth monitoring. Internet messages have also
been successful with increasing breastfeeding rates in high-income countries when they have be been
part of a comprehensive approach to breastfeeding promotion [154]. Interestingly, in higher-income
countries, phone follow-up may not be very effective for the long-term breastfeeding rates compared
with face-to-face programs suggesting the importance of personal approaches to breastfeeding sup-
port [155].

Summary

Studies on the social determinants for initiating and continuing breastfeeding have shown com-
monalities and differences based on the populations studied. As breastfeeding is related to nine of the
17 goals Sustainable Development Goals (below) for the 2030 Agenda for Sustainable Development,
scaling up breastfeeding policies and programs will require increased efforts in advocacy, political
will, legislation, research and evaluation [86]. Creating an appropriate policy framework will require
reviewing existing national and local breastfeeding policies, and to garner the resources for technical
support, program design and strategies to deliver breastfeeding programs [156]. The use of proper
communication channels, people and media to develop messages that target specific populations will
need to be implemented [157]. The inclusion of training programs for all health professionals,
promotion campaigns that are coordinated and the monitoring and evaluation of these programs
should use consistent metrics to compare outcomes to better determine how to disseminate best
practices.

Nine Sustainable Development Goals Affected by Breastfeeding

1. No Poverty: End Poverty in all its forms everywhere
2. No Hunger: End hunger, achieve food security and improved nutrition and promote sus-

tainable agriculture
3. Good Health and Well-Being: Ensure healthy lives and promote well-being for all at all

ages.
4. Gender Equity: Achieve gender equality and empower all women and girls.
5. Clean Water and Sanitation: Ensure availability and sustainable management of water and

sanitation for all.
6. Decent Work and Economic Growth: Promote sustain, inclusive and sustainable economic

growth, full and productive employment and decent work for all.
7. Reduce Inequalities: Reduce inequality within and among countries.
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8. Responsible Consumption and Production: Ensure sustainable consumption and production
patterns.

9. Partnerships for the Goals: Strengthen the means of implementation and revitalize the global
partnerships for sustainable development.

Discussion Points

• What approaches can be taken to increase breastfeeding rates?
• What do you believe are the strengths and weaknesses with the 10 steps that are part of the

baby-friendly hospital initiative (BFHI) ? Is there any particular component of the BHFI that you
believe would be more difficult to implement and why?

• Compare how different breastfeeding metrics should be used to evaluate breastfeeding promotion
policies and programs.

• How have international goals, targets and statements related to breastfeeding practices effected the
promotion of breastfeeding?

• What additional information is needed to improve breastfeeding practices in different contexts?
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Chapter 17
Tuberculosis
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Learning Objectives

• Describe the temporal shifts that have occurred regarding the epidemiology of tuberculosis.
• Analyze why certain population groups are at greater risk of having tuberculosis.
• Evaluate the various stages of tuberculosis infection and disease and factors associated with these

stages remaining stable or changing.
• Explain how new diagnostic methods have impacted the identification and treatment of

tuberculosis.
• Describe current prevention and management approaches for tuberculosis.

Everything interacts with everything else: each single factor conspires with the others to crush a man, break him
physically and mentally, and lay him wide open to disease…. Pack men together like herring in a barrel, deprive
‘em of every last ounce of resistance, batten ‘em below decks for days at a time, and what do you get? T.B. It’s
inevitable.

From the novel “HMS Ulysses” by Alistair McLean, Scottish Novelist, 1955

A Global Threat

Although an ancient disease, tuberculosis (TB) has not yet been consigned to the past. Worldwide,
TB is the second leading cause of death from an infectious disease, accounting for 1.6–2 million
deaths per year, including almost 500 child deaths every day [1]. These figures are shocking since
prevention of new infections is possible and drug-susceptible TB is curable with existing drugs
costing less than $50 USD for a full course of treatment [1]. Given our extensive medical advances
since ancient times, why is TB still haunting humankind?
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The global TB burden is driven by a complex interplay of factors. These include genetic or
biological factors affecting disease susceptibility, bacterial mutations leading to increasing virulence
and drug resistance, changes in the physical and ecological environment, and human behavior that is
subject to broader political, economic, and social structural factors (Table 17.1). This human–microbe
interaction can be summarized by the Institute of Medicine Convergence Model (Fig. 17.1). Of
particular relevance to TB are individual-level factors, broader issues of poverty and social inequality,
as well as weak healthcare systems and poor access to preventive, diagnostic, and curative care. As a
disease that afflicts individuals who breathe “shared air,” M. tuberculosis is more likely to be
transmitted in crowded, congregate environments—which more often than not, correlate with a high
degree of poverty [2]. The World Health Organization (WHO) has noted that “circumstances in which
we grow, live, work, and age” and the “systems put in place to deal with illness” give rise to unequal,
unfair distributions of disease [3].

Emergence of HIV infection has also greatly facilitated the resurgence of TB in regions with
previously declining rates, and contributed to an even higher TB burden in regions where TB was
already problematic. TB is the leading cause of morbidity and mortality among HIV-infected people
worldwide [4]. Incidence and case fatality rates among HIV-positive patients can exceed 50% [5].
The emergence of multidrug-resistant tuberculosis (MDR-TB), and an even deadlier form of TB
called extensively drug-resistant TB (XDR-TB), are more recent concerns that require ongoing
vigilance and rapid intervention to prevent ongoing transmission (see also Global Drug Resistance
and Tuberculosis Therapy sections of this chapter).

A Brief History

TB has been a disease of humans for over 3000 years, as documented through bone and tissue
samples extracted from mummies in Peru [6] and Egypt [7]. Throughout the Middle Ages and well

Table 17.1 Factors contributing to the global tuberculosis burden

Factors Mechanism

Human immunodeficiency
virus (HIV)

Immunosuppression leading to development of active tuberculosis disease

Drug resistance Greater treatment failure rates and transmission of drug-resistant M. tuberculosis

Political/economic factors Lack of political will and resources to address poverty, inadequate health care, and
inequality

Immigration/air travel Increasing immigration and air travel from highly endemic countries may introduce
tuberculosis into low-incidence communities

Outbreaks in congregate
settings

Outbreaks in congregate spaces such as prisons increase infection while incarcerated,
as well as transmission in communities after prison release

Drug abuse Physiologic effects of drug abuse, social environments, behaviors, and barriers to
treatment among drug users increase the risk of infection

Global urbanization Increasing urbanization concentrates groups at high risk for tuberculosis into densely
populated cities that increase the risk of M. tuberculosis transmission

Diabetes Diabetes has been shown to increase the risk of progressing to tuberculosis, and the
global diabetes burden is increasing

Crowding/poverty Poverty and household crowding contribute to greater transmission and tuberculosis
disease in low-income communities

Malnutrition Malnutrition has direct biological impact on disease susceptibility through complex
mechanisms leading to immunosuppression and is also associated with social factors
related to increased transmission
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into the industrial age, TB was referred to as phthisis, the “white plague,” or consumption—all in
reference to the progressive deterioration of health and extensive weight loss experienced. In 1720,
Benjamin Marten, an English physician, noted in his publication, A New Theory of Consumption, that
TB could be caused by “wonderfully minute living creatures…it may be therefore very likely that by
an habitual lying in the same bed with a consumptive patient, constantly eating and drinking with
him, or by very frequently conversing so nearly as to draw in part of the breath he emits from the
lungs, a consumption may be caught by a sound person…” [8]. The disease was also enshrined in the
literature as the “captain of death,” the slow killer of promise [9]. Prominent European artists who
died of TB in the nineteenth century included the English poet John Keats, Polish composer Frédéric
Chopin, German author Franz Kafka, and all three Brontë sisters of this English literary family [9].

In 1882, Robert Koch discovered a staining technique that enabled Mycobacterium tuberculosis,
the causative agent, to be observed by microscopy. In 1921, the Bacillus Calmette–Guerin
(BCG) vaccine that confers protection to children from disseminated TB was first administered to a
baby. It was not until November 20, 1944, that the antibiotic, streptomycin, was first given to a
critically ill TB patient with almost immediate improvement and recovery. This start of the antibiotic
era of TB treatment, together with economic improvement, better sanitation, widespread education,

Fig. 17.1 The convergence model. At the center of the model is a box representing the convergence of factors leading
to the emergence of an infectious disease. The interior of the box is a gradient flowing from white to black; the white
outer edges represent what is known about the factors in emergence, and the black center represents the unknown
(similar to the theoretical construct of the “black box” with its unknown constituents and means of operation).
Interlocking with the center box are the two focal players in a microbial threat to health—the human and the microbe.
The microbe–host interaction is influenced by the interlocking domains of the determinants of the emergence of
infection: genetic and biological factors; physical and environmental factors; ecological factors; and social, political,
and economic factors. From Smolinski, Mark S. et al. Microbial threats to health: Emergence, detection, and response.
Reprinted with permission from the National Academies Press, Copyright 2005, National Academy of Sciences
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and importantly, the establishment of public health practice that included specific measures for TB
control, helped to accelerate the dramatic declining trajectory in TB burden within industrialized
countries (Fig. 17.2).

In modern times, the global TB epidemic has been fueled by the emergence of the HIV epidemic in
the 1980s and insufficient ongoing investment in public health. In many regions where both TB and
HIV are endemic, the incidence of TB has doubled. In the early 2000s, as a result of rapid imple-
mentation of global efforts to combat the TB and HIV disease, the TB epidemic in Africa slowed and
incidence rates stabilized [10]. Complacency is not warranted, however, as many outbreaks, espe-
cially in hospitals and other healthcare settings in large cities [11], have been caused by MDR-TB. In
South Africa, nearly 10% of all new TB cases are infected with MDR-TB strains, and between 6 and
10% of all MDR-TB cases are found to be infected with XDR-TB strains [12].

Epidemiology

Global Tuberculosis

Roughly one-third of the world’s population—over 2 billion people—are thought to be infected with
M. tuberculosis [5, 13]. Of those infected, 8–12 million will progress to active TB disease each year,
resulting in nearly two million deaths [1]. In 2013, the WHO reported that there were 11 million
(range 10–13 million) prevalent cases of TB worldwide [1].

While TB disease is widespread throughout the world, over 80% of all new TB cases occur in just
22 high-burden countries—the top six are India, China, Nigeria, Pakistan, Indonesia, and South
Africa [1]. In 2013, the global incidence rate of TB was 126 cases per 100,000 population with
substantial regional variation [1] (Fig. 17.3). More than half of the reported TB cases occurred in Asia
(56%), followed by the African region (29%), where the highest regional- and country-level incidence
rates have been reported [1] (see Fig. 17.3). Globally, about 13% of all new TB cases occur among
people living with HIV, and this proportion is highest in the African region (37%) where over 75% of
the world’s HIV-TB-coinfected people reside [1, 14].

Fig. 17.2 Case fatality rates for tuberculosis, nineteenth and twentieth centuries

388 E. Oren and J.M. McDermid



Global Drug Resistance

While the overall incidence and prevalence of TB have declined in recent years, there has been an
increase in the incidence of MDR-TB in the past decade [15]. Nearly 4% of all new TB cases and
20% of previously treated TB cases are considered to be MDR-TB. The largest number of MDR-TB
cases are in China, India, and the Russian Federation, and in some countries, up to half of all new TB
cases are infected with a drug-resistant strain [16]. The proportion of TB cases with MDR-TB in
Russian prison populations exceeds 40% in some cases [17]. While less common, over 100 countries
have reported cases of XDR-TB, which on average occurs in 8–9% of all MDR-TB cases, with the
greatest burden found in former Soviet Union countries [18].

Vulnerable Populations

Race and Ethnicity

In high-income countries, TB is often concentrated among minority populations despite decreasing
incidence rates among the overall population [19, 20]. It is unlikely that the concentration of TB in
ethnic minorities is driven by biological variation alone, but also includes contributing social factors
including disproportionate poverty, crowding, immigration, and asylum seeking from high
TB-endemic countries [21, 22]. For instance, in New Zealand, immigrant populations have not been
shown to be a significant contributor to TB incidence after controlling for household crowding [22].
In the USA, TB is largely a problem among Hispanic and black populations, with rates eight to nine

Fig. 17.3 Global incidence of tuberculosis. Estimated TB incidence rates, 2013. Incidence rates of TB remain the
highest in sub-Saharan Africa and Asia. Reproduced, with the permission of the publisher, from Global Tuberculosis
Report 2014. World Health Organization; 2014 (Fig. 2.5, p. 34 http://apps.who.int/iris/bitstream/10665/137094/1/
9789241564809_eng.pdf?ua=1, Accessed Nov 27, 2014)
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times those of white populations [23]. Hispanics and blacks disproportionately experience risk factors
such as poverty and crowded housing, which may facilitate TB transmission [24, 25]. The burden of
pediatric TB in the USA is largely borne by minority populations with heightened transmission from
US-born, non-Hispanic black adults to non-Hispanic black children [26]. The disproportionate burden
of TB among racial and ethnic groups is largely due to differences in living and social conditions [27].
For example, in the USA, six indicators of socioeconomic status such as crowding, income, poverty,
receiving public assistance, unemployment, and education accounted for approximately half of the
increased risk for TB among blacks, Hispanics, and Native Americans, when compared to whites
[28]. Varying prevalence of TB risk factors such as HIV, substance abuse, lack of health insurance,
and homelessness across racial groups also contributes to the disparities seen in both increased
exposure and progression from latent infection to active disease [27, 29].

Indigenous Peoples

Indigenous peoples in high-, middle-, and low-income countries continue to bear a high and dis-
proportionate burden of TB [30]. Groups most burdened by TB are located in regions of Latin
America (e.g., Peru, Brazil), Southeast Asia (e.g., India, Thailand), Africa (e.g., Chad, Mali), and
North America. For example, TB case rates for American (US) Indians are more than five times
greater than those for non-Hispanic white people and 13 times as great among Pacific Islanders [31].
High rates of HIV coinfection among indigenous groups in Papua New Guinea and Indonesia may
also explain the high risk of TB among these indigenous peoples [32].

Children

An estimated 11% of all TB cases worldwide occur in children younger than 15 years [33]. Pediatric
infection is common because of family dynamics: Children in the family of an adult with infectious
TB often have frequent and close contact, such that they are at high risk of acquiring infection. If
infected, young children are more likely to progress to active disease. While the diagnosis of pediatric
TB has unique challenges, if promptly diagnosed and treated, pediatric TB outcomes are favorable
[34] (see also Pediatric TB section of this chapter).

Urban and Rural Disparities

In large cities in the USA, TB case fatality rates have been shown to be three times higher in the
lowest compared to the highest socioeconomic group among people aged 35 years or younger,
increasing to a ratio of six to one among men older than 35 [35]. A Danish study found that TB
incidence rates in urban areas were twice as high as rural areas [36], and TB in major cities has been
shown to account for more than one-third of all US patients with TB [37]. A cross-sectional study in
low-incidence settings across the European Union found the risk of TB to be 2.5 times higher in cities
compared to national rates [38]. Social conditions that are observed in high concentrations in urban
areas, such as homelessness, HIV, suboptimal access to health care, and migration, are also associated
with high TB incidence [39–41]. Living in rural areas may create difficulties in access to health care.
Individuals who are more isolated and further removed from services may have a higher risk of
developing active TB [42]. Low case finding rates (due to passive case detection) and high rates of
transmission and active TB disease have been documented among residents in rural China, Vietnam,
and Kenya [43–45]. Disparities in TB rates within countries and across levels of urbanization are
often complex and multifactorial, with differences also due to different levels of socioeconomic
development and varying financial incentives [46].
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The Role of Migration

Migrants are disproportionately affected by TB, often due to high TB incidence in their originating
countries (such that they are more likely to have latent TB infection or undiagnosed active TB
disease), limited access to health care and infrastructure both during their journey and at their new
destination, as well as poverty and social exclusion in their new home [47]. Since persons who were
born in countries where TB prevalence is high likely acquire infection before immigrating [48],
migrants may progress to TB disease many years after arrival as a result of reactivation of a latent TB
infection (LTBI) [20]. In high-income countries, TB is often concentrated among foreign-born
minority populations despite decreasing incidence rates among domestic-born populations [19, 20].

Approximately half of new TB cases in the USA occur among foreign-born persons, and TB cases
among foreign-born persons were approximately 10–20 times higher than those among persons born
in the USA [49, 50]. In Italy, the proportion of TB that occurs among immigrant populations has
increased from 19% in 1996 to 53% in 2006 [51]. In Spain, the immigrant population has rates of TB
disease three to four times higher than the Spanish population, increasing among the foreign-born
population over a 10-year time period from 1994 to 2003. Additionally, the proportion of TB among
immigrant populations has also experienced substantial increases in Spain, from 3% in 1997 to over
36% in 1999 [52].

Disparities in Other Settings

Globally, TB rates are substantially higher among incarcerated populations. For instance, in Brazil,
TB rates are 100 times higher among incarcerated compared to civilian populations [53, 54].
Transmission risks relevant to correctional institutions include close living quarters among inmates
along with poor ventilation and overcrowding [55, 56]. Disparities in TB screening and treatment
outcomes are particularly prevalent in this population. Despite being more likely to receive directly
observed therapy (see Tuberculosis Control Strategy section), inmates are less likely to complete their
full course of treatment [55]. In the USA, this is partly due to inmates moving out of institutional
jurisdiction before the 6-month treatment is finished or for other reasons associated with the loss of
treatment supervision [57]. Further, the high prevalence of HIV coinfection and high-risk behaviors
including intravenous drug use (e.g., 12–22% reporting injection drug use [58, 59]) among prisoners
may be driving the disease burden in this population [60]. There is also a strong relationship between
increases in mass incarceration and relative increase in TB among European and Asian countries,
illustrating the hazardous link between TB among incarcerated populations and public health [61].
Mixing of incarcerated and civilian populations upon prisoner release is a contributing factor to TB
resurgence [62] because this brings people who have not been fully cured of TB into communities,
increasing their risk of now being exposed to infectious TB.

Other High-Risk Populations

Patients in high-risk behavioral groups, including substance abusers (alcohol, injection, and
non-injection drug use) and homeless individuals, are more likely to delay seeking timely medical
care and if they do, be non-adherent for the 6-month duration of TB treatment. Overall, this leads to a
prolonged period of infectivity that increases likelihood of transmission and possible outbreaks
[63–65]. Transmission among frequent alcohol or drug users may be due to inability or reluctance of
patients to share information about high-risk behavioral patterns that may obstruct screening, diag-
nosing, and initiating TB treatment [66, 67]. Perceived contagion of TB is also a leading cause of
stigmatization [68, 69]. Lack of knowledge regarding routes of TB transmission also contributes to
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TB stigma [70]. As a result of this stigma and its social and economic impact, at-risk individuals
report that they are less willing to undergo TB screening and to seek medical care after the onset of
TB symptoms [71]. TB stigma has also previously been shown to be predictive of decreased TB
treatment adherence among certain populations and associated with prolonged patient delay [72, 73].
Other groups at high risk of HIV, such as men who have sex with men, female sex workers, or
minority populations (e.g., black populations in the USA), may also be at higher risk for worse TB
outcomes given the rate at which HIV hastens progression to active TB [74].

Healthcare workers are also at risk for TB transmission in healthcare settings due to transmission
from patients, who may have unrecognized or inappropriately treated TB. In high TB incidence
countries, the median estimated annual incidence of TB among healthcare workers is as high as
1180/100,000 persons [75].

Diabetes

Diabetes is a risk factor for disease progression; however, the underlying mechanisms of the asso-
ciation are not well understood [76]. In a cohort of over 17,000 Taiwanese nationals, the risk of TB
was over threefold higher among those with two or more diabetic complications. In India, it was
estimated that nearly 15% of pulmonary TB (PTB) and 20% of TB smear-positive cases were
attributable to diabetes [77]. Further, the risk of failure and death during TB treatment is reportedly
higher among diabetic populations [78]. Even after completing treatment, diabetics are up to four
times more likely than nondiabetics to have subsequent relapse TB that may be due to either
recurrence of previous infection or new infection from a subsequent exposure to infectious TB
[78, 79].

How Is Mycobacterium Tuberculosis Transmitted?

Following exposure to M. tuberculosis, an individual may progress to latent infection and then
potentially active TB disease (Fig. 17.4).

The TB pathogen is transmitted through small airborne droplets, called droplet nuclei (1–5 lm in
diameter), generated when a person who has disease in their lungs or vocal cords coughs [80–82],
sneezes, talks, or sings [83]. Droplets can remain airborne for minutes to hours after expectoration
[84]. The number of bacilli in the droplets, the virulence of the bacilli, exposure of the bacilli to
ultraviolet light [85, 86], degree of ventilation, and degree of aerosolization all influence transmission
likelihood [87]. Transmission occurs when a person inhales the droplet nuclei; introduction of bac-
teria into the lungs generally leads to infection of the respiratory system or pulmonary TB (PTB);
however, bacteria can also spread systemically to other organs, such as the lymphatic system, pleura,
bones/joints, or meninges, resulting in extrapulmonary TB (EPTB) [88] (see Pathogenesis and
Clinical Manifestations section).

While the pathogen is not easily transmissible, and generally requires prolonged exposures to
transmit sufficient bacterial doses [89], active disease can develop from a low infectious dose (referred
to as the dose of an infectious organism required to produce infection in 50% of the experimental
subjects: <10 bacilli). Respiratory transmission is the most common mode of transmission, but less
common modes of transmission also include exposure to the bacteria during autopsies [90] and
through injury or breaks in skin or mucous membrane [91]. While these bacteria are initially
localized, spread to other organs is possible. Congenital transmission of TB, though very rare, has
also been documented in case reports [92, 93] (see Pediatric TB section). Bovine TB (Mycobacterium
bovis) may also be transmitted either through direct exposure to infected cattle or through ingestion of
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unpasteurized milk and infected meat products, with similar symptoms as those caused by
M. tuberculosis (see The Pathogen section) [94, 95].

It is useful to think of the continuum from exposure through disease, and associated risk factors for
each stage of TB pathogenesis (Fig. 17.5). The risk of acquiring TB infection is strongly influenced
by environmental risk factors that increase the probability of TB exposure [96]. Environmental factors
affect the concentration of M. tuberculosis bacilli. For example, if droplet nuclei are more concen-
trated, there is higher likelihood of transmission, such as in the case of exposure in a small indoor
space, where less particle dilution will occur. Adequate ventilation and air circulation serves to dilute
or else completely remove droplet nuclei. Ventilation plays a vital role in reducing the transmission of
TB, with even intermittent window opening significantly improving ventilation and air quality within
a room, as well as overall room volume [97]. If a patient is isolated, rooms are designed such that the
positive air pressure in the room will result in the bacilli and other airborne microorganisms flowing
outside away from the patient. Ultraviolet (UV) light has also been found to have a significant
germicidal effect on M. tuberculosis, and UV irradiation has been recommended as a potentially
effective TB control strategy in congregate settings with crowded conditions [86, 87].

Fig. 17.4 General model for tuberculosis infection and common risk factors
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Crowding within living spaces, often defined as shared bedrooms or living space, is one of the
earliest identified predictors of infection risk. Crowding directly influences risk of infection by
increasing the likelihood of close contact exposure between infected and susceptible people that share
confined airspace. Many ecological studies have shown the effect of crowding on TB risk on various
geographic levels. For instance, Drucker et al. showed that TB risk was over five times higher among
children in New York living in neighborhoods with greater household crowding, compared to those
neighborhoods with a smaller proportion of crowded households [98]. Other studies in high-income
countries have shown the effect on TB risk of crowding at various administrative levels [22]. Studies
in prison populations and homeless shelters further demonstrate the effect of crowding on TB risk.

Risk Factors for Infection

There are three factors that influence the risk of becoming infected: (1) the infectivity of the TB
source case, (2) the degree of exposure to the index or source case (infectious person), and (3) the
degree of susceptibility of the exposed (uninfected person) [99]. The infectiousness (called infec-
tivity) of the source case is largely determined by cough frequency, amount of bacilli present in
sputum, degree of pulmonary cavitation, and virulence of the infecting strain type [99]. Infectiousness
is largely a function of the number of tubercle bacilli expelled into the air, but also directly related to
the duration and appropriateness of TB treatment and whether bacilli are aerosolized through a
procedure such as bronchoscopy or sputum induction [100]. Young children are less likely than adults

Fig. 17.5 Risk factors and control measures from tuberculosis infection to disease. Overview of key TB risk factors
and control measures. The risk of TB exposure, infection, and disease is largely driven by poverty and mediated through
social risk factors such as overcrowding, comorbidities, and smoking. Early detection is key in disrupting infection with
M. tuberculosis and progression to TB disease. Completion of appropriate drug treatment is critical in reducing
secondary infections, and drug resistance
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to be infectious TB cases as they generally do not produce sputum with high bacterial loads when
they cough [101].

More virulent bacterial strains tend to create greater cavitation and damage to lungs, leading to
greater expectoration of bacilli [102]. Indeed, the severity of disease in the index case has been found
to be the strongest predictor of secondary infection in household contacts [103]. Degree of exposure is
determined by proximity, frequency, and duration of exposure to an infected source case. Longer
duration, greater proximity, and higher frequency of exposure are associated with higher transmission
risk [87]. Finally, susceptibility to infection is determined by the nutritional status (particularly
micronutrient deficiencies, see also Chap. 19 on Tuberculosis Infection and Nutrition), genetics, and
general health state of the susceptible person. For example, development of TB disease has been
shown to be strongly associated with advanced levels of immunosuppression, while ART initiation is
effective in reducing incident TB among HIV-positive children [104]. HIV infection inhibits mac-
rophage bactericidal pathways, leading to increased bacterial survival; the depletion of CD4+ T cells
and other aspects of the immune response associated with HIV infection further increase overall
susceptibility to TB disease [4].

Risk Factors for Progression from Latent Infection to Disease

A number of risk factors, diseases, and medications can weaken the immune system, such that the
body can no longer mount an effective defense against existing TB bacilli. These include deterioration
of nutritional status, HIV/AIDS, diabetes, end-stage kidney disease, certain cancers, chemotherapy,
heavy or long-term steroid use, organ transplantation, and very young or advanced age [105]
(Figs. 17.4 and 17.6). Drug use or alcohol abuse is also immunosuppressive and increases vulner-
ability to TB, and using tobacco has recently been shown to increase the risk of progressing to active
disease [106]. Genetics has been found to play a key role in modulating host susceptibility to the
development of active TB [107, 108]. There are a number of candidate genes in humans—one
example is the intracellular pathogen resistance 1 gene, which may confer innate immunity to TB by
limiting multiplication of M. tuberculosis and encouraging apoptosis of M. tuberculosis-infected
macrophages [107, 109].

Fig. 17.6 Relative risk of active tuberculosis development by key risk factors. Relative risk of developing active TB
disease for various key risk factors

17 Tuberculosis 395

http://dx.doi.org/10.1007/978-3-319-43739-2_19


Seasonality

There is evidence of a seasonal dependence of TB; in the USA, the highest incidence of TB occurs in
March with over 20% greater reported cases than in November when incidence is lowest [110]. In
other regions, notifications are higher in the summer [111, 112]. Globally, vitamin D level variability,
indoor activities, seasonal change in immune function, and delays in diagnosis and treatment (e.g.,
delay in seeking health care in the winter resulting in predominance of tuberculosis notifications in
spring and summer) are potential stimuli of seasonal TB disease [111]. However, it is unclear whether
these seasonal patterns are largely behavioral, biological, or a combination of both.

Tb 6¼ Tb 6¼ Tb

TB is not a uniform disease, but rather a complex infectious disease caused by multiple
Mycobacterium species, with multiple postinfection outcomes possible (e.g., LTBI vs. active TB
disease) and diverse clinical manifestations depending on host factors such as age (e.g., pediatric vs.
adult TB) and immune competence (e.g., HIV-negative vs. HIV-positive TB).

The Pathogen

TB is caused by infection with one or more genetically related, slow-growing acid-fast
Mycobacterium spp. collectively referred to as M. tuberculosis complex (MTBC). The most com-
mon of these in humans are M. tuberculosis and Mycobacterium africanum, including M. africanum
West African-1 (WA-1) and M. africanum WA-2, with the latter accounting for up to 50% of PTB
cases in some West African regions [113]. M. bovis BCG, including M. bovis BCG Pasteur and M.
bovis BCG Tokyo, is a laboratory lineage derived from M. bovis (bovine TB). BCG is the only
approved TB vaccine at this time; however, this attenuated strain is capable of causing TB disease in
immunocompromised individuals [114] (see Tuberculosis Prevention through Vaccination section).

Human TB strains were originally thought to have evolved from zoonotic transmissions, specif-
ically bovine-to-human M. bovis transmission. More recent genomic analyses suggest that animal TB
may actually be human in origin [115]. Regardless of the direction the original species barrier was
crossed, understanding MTBC diversity in humans, domestic and wild animals has important clinical
and public health implications in terms of monitoring transmission dynamics, maintaining vigilance
for emerging strains, and assessing clinical differences. Mammals are known reservoirs for many
Mycobacterium spp. within the MTBC classification, with M. bovis most commonly transmitted to
humans [94]. Exposure to M. bovis in exhaled air, sputum, urine, feces, pus, unpasteurized dairy or
infected meat products can lead to TB. Mycobacterium pinnipedii (seals), Mycobacterium microti
(voles), Mycobacterium caprae, Mycobacterium orygis, and Mycobacterium canettii have been
identified in a smaller proportion of human TB cases [116–120]. Despite the importance of under-
standing MTBC diversity in relation to pathogen virulence and immunogenicity that in turn can
impact transmission dynamics, host immune regulation, disease presentation and severity, prioritizing
research in this area is a challenge; strain identification is not part of standard clinical laboratory
techniques, and the resulting clinical disease has similar presenting signs and symptoms and treatment
options.

In addition to Mycobacterium species variation, there is variation within M. tuberculosis. A small
number of clades (e.g., taxonomic grouping according to common ancestor) are responsible for a
large proportion of new TB cases in different regions of the world, suggesting that these clades have
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greater virulence, infectivity, and possibly clinical heterogeneity. Four main phylogenetic M.
tuberculosis lineages have been identified, namely Indo-Oceanic, East Asian, East African-Indian,
and Euro-American [121]. Indo-Oceanic and East Asian strains are predominantly found in East and
Southeast Asia, while Euro-American strains are more commonly found in the Americas, Europe, and
North Africa. In experimental studies, clinical isolates of Indian strains were less virulent than those
of strains from patients in the United Kingdom, while certain clinical strains like East Asian HN878
that have been associated with previous outbreaks in the USA are considered to be “hypervirulent”
and characterized by vigorous host immune response, rapid bacterial replication, and significant
pathology [121]. Indo-Oceanic and East African lineages are nearly exclusively associated with
EPTB, whereas the East Asian lineage is far less likely to manifest in EPTB [122].

The Beijing family of M. tuberculosis is the most geographically distributed and appears to rapidly
propagate in settings with high TB incidence, especially among children [123]. It is frequently
implicated in MDR-TB outbreaks, but the majority of Beijing strains remain drug susceptible. While
not drug resistant, there may be variation in virulence, clinical response to treatment, and BCG
vaccine efficacy with Beijing strains [124, 125]. The close relationship between geography and strain
types may contribute to the observed variability in BCG efficacy by geographic latitude [126]. While
strain pathogenicity is a concern for individual disease outcomes, less pathogenic strains are a concern
for TB control because they can spread to many people before an outbreak is recognized. For
example, strain PG004 was responsible for a large-scale outbreak in Northern California that pro-
duced infectious but subclinical cases [127]. Any factor that prolongs the period after which an
infection becomes transmissible (e.g., infectious) and before drugs eliminate sufficient bacteria (e.g.,
treatment sterilization) will lead to new transmissions.

Pathogenesis and Clinical Manifestations

Inhalation of droplet nuclei containing tubercle bacilli leads to various outcomes [128] that depend on
a number of factors including the nature of the host immune response and other host (e.g., nutritional
status) and pathogen cofactors. Although the exact mechanisms are unclear, some people with known
exposure to tubercle bacilli never become infected. In these cases, the mucosal barriers involved in
innate immunity may prevent infection or the inoculating dose may have been so low that infection is
never established. Others may produce such an effective innate immune response (e.g., involving
cells, tissues, and molecules of the innate system) or possess unidentified resistance mechanisms that
bacteria are cleared before detectable adaptive immunity is triggered. However, in most people
(approximately 90–95%), bacterial exposure leads to an established infection and elicitation of innate
and adaptive immune responses. Fortunately, the vast majority remains clinically stable without
active TB disease as their immune responses are coordinated and successfully confine bacterial
proliferation within a granuloma lesion. This lesion consists of immune cells that form an outer wall
ring barrier to restrict escape and dissemination of live bacteria. While bacterial elimination is never
achieved in these individuals without active intervention (e.g., TB medication), bacterial containment
in well-maintained granulomas halts disease progression and therefore the person remains clinically
stable with LTBI throughout their lifetime. In some people (approximately 5%), the early immune
response is insufficient to contain recently acquired infection and active TB disease rapidly develops.
In others (approximately 5–10% lifetime risk) who develop LTBI but later experience a wane in their
immunological control of infection, active TB can develop after years or many decades of successful
immunological control. Many factors can affect the likelihood of disease progression including HIV
infection and other comorbidities (e.g., diabetes), immunosuppressive medications, advancing age,
malnutrition, and others (see Epidemiology section above).
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The most common and efficient route of infection is through inhalation of TB-causing
Mycobacterium spp. contained in aerosolized droplets leading to primary pulmonary infection.
Primary extrapulmonary infection results from mucosal membrane exposure in the gastrointestinal
and genitourinary systems, or through the conjunctiva or skin lesions. Pulmonary infection requires
only a few bacilli to reach terminal airways in order to establish a primary (Ghon) focus, a lesion
characterized by granulomatous inflammation [128]. Indeed, Mycobacterium has a very low infec-
tious dose, with the human ID50 (infectious dose required to cause infection in 50% of experimental
participants) estimated to be less than 10 bacilli.

Once bacteria reach an alveolar surface, they encounter alveolar macrophages that ingest them and
bacterial replication begins. This process activates infected macrophages, which in turn recruit more
macrophages and activated T cells, key immune cells in cell-mediated immunity. A successful
immune response includes the development of granulomas, formations containing viable bacilli in the
center, with macrophages and other immune cells forming an outer wall [129]. It is essentially the
immunological containment of TB-causing bacteria within these granulomas that dictates whether an
individual will halt progression after the primary infection, or continue to progress to active TB
disease. If progression is halted, an individual is considered to have LTBI. LTBI is asymptomatic;
most people are unaware they are infected. LTBI is not infectious as long as there is a sufficient
lifelong immune response to keep the living bacteria within granulomas. The challenge from an
individual TB disease management or population-level TB control perspective is twofold: difficulty in
identifying persons with LTBI who are at high risk for progression to active disease (see Tuberculosis
Diagnosis section) and difficulty in identifying persons with active disease who are early in the
disease course so that curative therapy may be instituted and spread of infection prevented. Lifetime
estimated case fatality rates for untreated TB have been estimated to be approximately 70% [130].

When the immune response fails, granulomas weaken and release bacilli that may have remained
viable even after decades of quiescence. These bacteria may establish active infection in the lung and
may also be transported throughout the lymphatic and circulatory systems to cause disease in any
other area of the body. Active disease is classified as PTB or EPTB depending on where the infection
is located, and they are not mutually exclusive since both manifestations are possible in the same
individual, at the same time. While PTB is the most common manifestation comprising approximately
80% of TB cases, certain subgroups of people including HIV-positive individuals and children and
possibly M. tuberculosis strain-related factors experience a greater proportion of EPTB cases [34,
131, 132].

Signs and symptoms of active PTB include cough (>3 weeks), hemoptysis (blood in sputum),
dyspnea (shortness of breath), and chest pain [133]. Other prominent signs of active TB include
chronic (several weeks to months) anorexia, weight loss, low-grade fever, night sweats, chills, and
fatigue (Fig. 17.7). Since EPTB can affect any organ system, symptoms are diverse and include
cervical lymphadenitis (lymph node inflammation), pleurisy (inflammation of the pleura or lining of
the lung), pericarditis (inflammation of the pericardium, the fibrous sac surrounding the heart),
synovitis (inflammation of the synovial membrane, the membrane lining joints), meningitis
(inflammation of meninges, the membranes covering the brain and spinal cord), and skin or bone
infections. Miliary or disseminated TB is characterized by high and sustained fever, night sweats, dry
cough, malaise, splenomegaly (enlarged spleen), and skin lesions. TB meningitis is characterized by
high fever, cranial nerve deficits, and psychic changes and has a very high mortality rate if untreated.
However, individuals with active disease may also be asymptomatic, such as when subclinical disease
occurs when bacilli spread from the lungs through the lymphatic system. Tuberculous peritonitis
(inflammation of the peritoneum, the lining of the inner wall of the abdomen) is associated with fever,
ascites, and increased abdominal girth. Although M. bovis causes a disease similar to M. tuberculosis,
extrapulmonary lesions are more likely if acquired through consumption of M. bovis-contaminated
milk or meat, while occupations interacting with cattle are prone to pulmonary lesions from exposure
to infected aerosol droplets [95, 134].
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HIV coinfection is the single most potent risk factor for progression from infection to active
disease, whether infection is from a new primary infection (e.g., recent exposure to bacteria) and/or
reactivation of a latent infection (see Epidemiology section above). Since multiple exposures are
possible, mixed (or multiple)-strain infections have been described, although the challenges to fully
understanding the epidemiology (laboratory detection of mixed strains is difficult leading to gaps in
knowledge), clinical (e.g., ability to comprehensively assess individual drug susceptibility/resistance
with multiple strain infections), and population (e.g., transmission dynamics of competing strains,
vaccine, and preventative therapy effects on circulating strains)-level implications are numerous
[135]. Unlike many opportunistic infections that occur only with significant immunosuppression, TB
can manifest with any degree of immunosuppression. If TB disease manifests in HIV-positive
individuals who are not significantly immunosuppressed, then the disease course is similar to TB in
HIV-negative individuals and is dominated by PTB in adults. If TB manifests once advanced
HIV-associated immunosuppression has occurred, systemic disease involving multiple organs that

Fig. 17.7 Symptoms and stages of tuberculosis. Main symptoms of different variants and stages of tuberculosis, with
many symptoms overlapping with other variants, while others are more (but not entirely) specific for certain variants.
Multiple variants may be present simultaneously. From Häggström, Mikael. “Medical gallery of Mikael Häggström
2014.” Wikiversity Journal of Medicine 1(2). doi:10.15347/wjm/2014.008. ISSN 20018762
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lack well-defined granulomas with diffuse lesions is increasingly likely. Notably, all forms of EPTB
have been described in HIV-associated TB, and this further complicates the clinical diagnosis of
active TB in a resource-restricted setting. The specific nature of the immunological changes caused by
HIV infection that drastically increase the likelihood of TB disease is complex and not fully
understood [4, 136]. In general, untreated HIV infection leads to an absolute and functional decline in
the cell-mediated immune response that is essential for maintaining lifelong immunological control of
Mycobacterium spp. The destruction of T cells, specifically CD4+ cells in the granuloma by HIV,
causes a change in the granuloma structure leading to the escape of viable bacilli.

Pediatric TB

The worldwide prevalence of maternal TB is unknown, but likely mirrors the female population TB
burden. In high TB burden regions where TB diagnosis is frequently based on symptoms, diagnosis is
challenging since pregnancy weight gain may temporarily mask TB-associated weight loss [137,
138]. Obstetric complications of TB include spontaneous abortion, small fundal height, preterm labor,
low birth weight, and increased neonatal mortality. Congenital TB may be caused by hematogenous
transmission of maternal MTBC through the umbilical vein to the fetal circulation, forming a primary
hepatic complex. Alternatively, it is possible for the fetus to ingest or aspirate infected amniotic fluid
or maternal blood during delivery. Congenital TB symptoms are nonspecific and difficult to distin-
guish from more common neonatal bacterial sepsis or viral infections, thus delaying timely diagnosis
and treatment. While transmission via hematogenous spread in utero and/or aspiration of amniotic
fluid during delivery is likely a rare occurrence, the true burden is difficult to estimate given the risk of
spontaneous abortion and early infancy mortality associated with untreated congenital TB [139].
Indeed, pediatric TB is a major under-recognized cause of morbidity and mortality in young children
(<5 years of age) from high-burden TB countries [140]. Newborns and young children can acquire
infection in multiple ways, and once infected, they have a high risk of progressing to active TB
disease and mortality, if untreated. Most young children who progress to disease do so within the first
12 months following primary infection. A bimodal risk profile is apparent with the greatest likelihood
of progression in very young children (<2 years of age), decreasing to the lowest risk around 5–
10 years of age. This is followed by a second increase in the likelihood of disease progression at the
onset of puberty. Thereafter, TB in adolescents follows a course similar to adult-onset disease with
PTB being the dominant phenotype.

Accurate and timely diagnosis and treatment of pediatric TB disease is critical to disease man-
agement in this population. Pediatric MDR-TB that is accurately and promptly diagnosed and treated
has an excellent prognosis [34]. However, the biggest challenge remains in funneling children into a
diagnostic pathway that results in prompt diagnosis and treatment. Diagnosis in resource-restricted
regions is frequently based on symptoms, yet pediatric TB symptoms are nonspecific and shared by
many other pediatric infections or conditions. Even if laboratory tests are available, obtaining bio-
logical specimens (e.g., gastric aspirates, sputum induction, bronchoalveolar lavage, cerebral spinal
fluid) from young children is problematic in many settings. If specimens are available, the frequently
low pediatric bacterial load may be insufficient for microscopy or culture detection. EPTB is pro-
portionally more common in young children than in adults, and tuberculous meningitis represents the
most severe manifestation of childhood TB. TB meningitis mostly affects young children (<3 years of
age), and early signs and symptoms include fever, listlessness, failure to thrive, and headache—
symptoms that may be misinterpreted as being due to infant malnutrition or other childhood infec-
tions. By the time non-TB infections such as pneumonia and non-TB meningitis, food insecurity, and
inappropriate infant feeding methods have been ruled out, the prognosis may be grave. Better
pediatric diagnostics, drugs, biomarkers and vaccines, improved pediatric TB surveillance that
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includes intensified tracing of pediatric contacts of active TB cases followed by recommended
isoniazid preventive therapy (IPT) and integrated HIV, maternal, and child health services are high
priority research and care goals.

Tuberculosis Prevention, Control, and Treatment

Many people still suffer and die from TB each year despite fundamental measures for controlling,
treating, and curing TB being available for many decades. Implementation of effective drug treatment
strategies resulted in a dramatic reduction in TB prevalence in high-income, low TB prevalence
countries, so much so that many people living in these regions are surprised by the magnitude of the
global TB burden. While reducing the TB burden remains a shared goal among public health experts,
in the past, unintended consequences of declining TB prevalence were shifting healthcare resources
needed to maintain TB prevention and control efforts and the abandonment of the drug development
pipeline. The worldwide HIV epidemic starting in the 1980s brought TB back to the forefront, with
drug-resistant TB demanding further attention, but the fact remains that in low-income countries the
TB burden never waned and the high prevalence of LTBI, the ongoing HIV epidemic, emerging drug
resistance, and the complex epidemiology and natural history of TB make TB control particularly
challenging in LMICs.

Tuberculosis Control Strategy

From the perspective of an individual, TB control implies accurate and prompt diagnosis of persons
with infectious TB, timely treatment with potent drugs, and monitoring the course of treatment to
ensure disease resolution. Contact tracing of individuals with a known exposure to infectious TB
allows implementation of prophylactic treatment to prevent disease progression among individuals at
high risk (e.g., the very young) and implementation of TB treatment among individuals with active
TB disease that has not yet been diagnosed. From a public health perspective, the goal of effective TB
control is to ensure that each infectious TB case is prevented from transmitting the infection to
another uninfected individual. Blocking forward transmission at the individual level will reduce the
propagation of population-level TB transmission and therefore reduce the global TB burden (see
Fig. 17.5).

WHO developed Directly Observed Therapy Short-Course (DOTS) as the cornerstone of global
TB control after declaring TB a global emergency in 1994, with subsequent recommendation to
reduce TB, summarized in their Stop TB Strategy [141]. The primary goals are to detect at least 70%
of (sputum) smear-positive PTB cases and to successfully treat at least 85% of detected cases. Key
elements are (1) to encourage government involvement and political will to support and finance TB
control; (2) to maintain an accurate surveillance system to monitor the disease burden; (3) to sustain
effective case detection through quality-assured diagnostic laboratories; (4) to provide reliable sup-
plies and management of anti-TB drugs; and (5) to offer effective standardized short-course TB
treatment for a duration of six months, with direct observation of treatment compliance with the
DOTS approach for at least the first two months representing the typical period required to render an
infectious case no longer infectious. If successfully implemented, DOTS is effective at reducing
infectious TB. However, the program is not without controversy, primarily related to the necessity
and efficacy of the direct observation component aimed at improving patient compliance that is linked
to a reduction in the risk of treatment failure, relapse, and development of secondary drug resistance
[142]. Additionally, since pediatric cases are less likely to be infectious given the paucibacillary
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nature of pediatric PTB and the higher proportion of EPTB, children have not been recognized as a
TB control priority. A heavy reliance on sufficient political will and coordination of many govern-
mental resources and infrastructure needed to fully implement DOTS also remains a barrier in many
regions most affected by TB. Nevertheless, by 2013, many countries have made progress imple-
menting DOTS and recent WHO data indicate that on average, 86% of new TB cases complete
treatment [1]. Still, further efforts are required to meet targets for active case detection. The current
status of 55% for all new and existing cases and the even lower 20% of estimated new MDR-TB
cases detected [143] is a long way from the proposed 2020 target of 90% detection. While the
proposed 2020 goal that 90% of all people with TB requiring treatment receive appropriate therapy
that includes first line, second line as well as preventive therapy, is closer to the current successful
treatment estimate of 86% for newly occurring cases, the current estimates of 65% for retreatment
cases and 48% for MDR-TB cases indicate that further improvement is needed [143]. New additions
to the DOTS strategy, such as integration of HIV, TB, and maternal and child health services, will
further improve global control of TB and help lead efforts toward ending rather than only controlling
TB.

Tuberculosis Diagnosis

For surveillance, the case definition of TB includes evidence of a positive culture, a positive acid-fast
smear using microscopy combined with compatible clinical findings, or a characteristic illness with
other evidence suggestive of TB combined with an appropriate response to TB therapy [1]. In many
resource-restricted regions, TB diagnosis, and therefore treatment action, is made only on the basis of
evidence suggestive of disease (e.g., clinical symptoms). This is problematic as many people are
unaware of their MTBC exposure history, TB signs and symptoms are nonspecific, easy to misin-
terpret or miss altogether, and clinical specimens may be difficult to obtain or have few bacteria. Even
if specimens are obtained and sufficient laboratory facilities are available, laboratory diagnostic
testing that includes culturing requires a lengthy time between specimen collection and confirmation,
from two to six weeks, such that individual patients may be lost to follow-up in the interim. In recent
years, there has been considerable research and development of new diagnostic tools, including Xpert
MTB/RIF (further described in last paragraph of this section).

The replication of large numbers of bacilli and accompanying inflammatory and tissue damage,
usually in the lungs, along with the immune response that is triggered, leads to the signs and
symptoms of active TB disease. Epidemiological investigation (e.g., history of MTBC exposure),
clinical findings and symptoms (e.g., radiograph, cough, weight loss), skin tests (TST/Mantoux in
those without history of BCG vaccination or prior TB disease), appropriate laboratory tests (sputum
examination by microscopy and culture), and newer laboratory methods including interferon-gamma
release assays (IGRAs) and Xpert MTB/RIF assays are the tools currently available to diagnose
infection and active TB. The Mantoux tuberculin skin test (TST or Mantoux test) is a widely used
method to detect infection that uses M. tuberculosis-derived protein antigen, or purified protein
derivative (PPD) [144]. PPD is prepared from cultured tubercle bacilli and injected intracutaneously
into the forearm using a standardized dose. After a period of 48–72 h, the size of the induration
corresponds to the presence of activated T cells and macrophages. These cells have migrated to the
site of PPD injection in order to mount a localized cellular response or delayed-type hypersensitivity
reaction among MTBC-infected individuals. False-positive TST results are possible in people with
non-tuberculous mycobacteria infection or who have had the BCG vaccination, both of which are
common in LMICs. False-negative TST results can occur if a person is very young (e.g., <6 months),
elderly, recently infected with M. tuberculosis (<8 weeks), recently vaccinated using live vaccines
(e.g., measles, smallpox) or if experiencing immunosuppression associated with coexisting
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malnutrition, HIV or measles infection, leading to an impaired cellular immune response needed for
PPD induration. Given the number and frequency of circumstances leading to false-positive and
false-negative results, particularly in TB-endemic LMICs, TST can be used to screen for an immune
response to infection, but to assess the likelihood of active TB disease, additional investigations (e.g.,
medical history, physical examination, X-ray, laboratory tests including diagnostic microbiology,
culture) may be needed. In addition, some countries are replacing or adding to TST the use of IGRAs
(see next paragraph), a decision based on the extent of BCG vaccination coverage, TB endemicity,
and national resources. While both TST and IGRAs have advantages and disadvantages, at this time
WHO does not recommend replacing TST with IGRAs to diagnose infection in LMICs [145].

IGRAs are whole-blood tests (QuantiFERON®-TB Gold In-Tube test, QFT-GIT; T-SPOT®.TB
test, T-Spot) that indirectly detect M. tuberculosis infection through the measure of immune reactivity
to M. tuberculosis. These tests have the advantage of providing a result within 24 h, but at a
comparably higher cost than TST (e.g., in 2010, the estimated cost of QFT-GIT in Brazil was $48.26
compared to $10.56 for TST [146]). White blood cells in people with exposure to tuberculous bacilli
will release interferon-gamma (IFN-c) when mixed with antigens derived from M. tuberculosis, but
not from BCG and non-tuberculous mycobacterial antigens. As a result, IGRAs may be particularly
useful in people who have been vaccinated with BCG because prior BCG vaccination does not lead to
a false-positive result. Given the rapid result, IGRAs are also suitable for people who may be unlikely
to return for TST readings. IGRAs are less useful than TST in children <5 years of age because of the
limited data available in this age group and high likelihood of false-negative or indeterminate IGRA
results related to immune responses of young children. Overall, a positive IGRA result suggests that
infection is likely and a negative result suggests that infection is unlikely, while an indeterminate
result indicates an uncertain likelihood of infection. Like skin tests, a positive IGRA result should be
used as an aid in diagnosing infection but diagnosis of active PTB or EPTB disease requires IGRAs to
be considered in combination with a full medical examination to determine the likelihood of active
disease [145].

Perhaps the most important recent advance in TB management is the development and rollout of
the Xpert MTB/RIF assay [147]. Xpert MTB/RIF is a partially automated, cartridge-based nucleic
amplification assay for the simultaneous detection of MTBC, including MDR-TB directly from
rifampicin resistance and indirectly from predicted isoniazid resistance (e.g., rifampicin resistance
predicts isoniazid resistance since they generally coexist). Key advantages of Xpert MTB/RIF include
the ability to detect TB with minimal laboratory capacity (training, biosafety level) even in
non-sputum (e.g., EPTB using gastric fluids, urine) and paucibacillary (e.g., HIV, pediatric) samples,
and for results to be available in <2 h compared to culture-based methods requiring 2–6 weeks and
greater laboratory capacity. Reducing the time to receive an accurate diagnosis ensures that diagnosis
and treatment initiation are essentially simultaneous, and this reduces the likelihood TB cases fail to
return to clinic to initiate treatment. Rapid diagnosis of rifampicin resistance also leads to appropriate
initial treatment that improves individual care and TB control efforts. As with other nucleic acid
amplification tests, the Xpert MTB/RIF assay should be interpreted along with clinical, radiographic,
and other laboratory findings. In late 2013, WHO expanded its recommendations on the use of Xpert
MTB/RIF to include the diagnosis of infection in children and with some forms of EPTB [148].

A current rollout initiative, The TBXpert Project [149] managed by the WHO Global TB
Programme and the Stop TB Partnership secretariat and funded by UNITAID, is providing up to US
$25.9 million for rollout of the Xpert MTB/RIF technology to 21 recipient countries. As a result of
NGO—industry partnerships, PEPFAR, USAID, UNITAID, and the Bill & Melinda Gates
Foundation reached an agreement with the manufacturer Cepheid to reduce the price of the Xpert
MTB/RIF test to US$9.98 for the public sector in the 145 high TB burden LMICs eligible for
concessional pricing [150]. The impact of this concessional pricing structure is notable in that more
than 10 million tests have been distributed in four years (as of December 31, 2014).
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Tuberculosis Therapy

Isoniazid alone, given for a period of 6 to 9 months, is commonly used for TB prophylaxis. In
resource-limited countries, as well as middle-income countries with high TB burdens (>100 incident
TB/100,000 population), children younger than five years at risk of infection following close or
household contact with a TB case are recommended to receive TB prophylaxis, as are people
suspected of having LTBI who are at high risk of disease progression (e.g., people living with HIV)
[151]. Although LTBI treatment is unlikely to eradicate all bacilli from the body, if taken as pre-
scribed, LTBI treatment greatly diminishes the chance of progression to active disease. It should be
noted that LTBI treatment does not prevent future infections or disease progression from newly
acquired infections, and therefore, additional TB treatment may be required, especially in
TB-endemic regions where the risk of multiple lifetime transmissions is high.

Despite MTBC differences and the many different clinical manifestations of PTB and EPTB
disease, once diagnosed, prophylaxis and treatment options are standardized when drug-resistant
bacilli are not detected. Active TB disease is usually effectively treated with a course of four standard
or first-line anti-TB drugs: isoniazid, rifampicin, pyrazinamide, and ethambutol. In a basic regimen
using a DOTS approach (see Tuberculosis Control Strategy section), these four drugs are taken in
combination daily during a two-month bacterial sterilizing phase when most of the bacteria are killed,
followed by a treatment continuation phase consisting of daily isoniazid and rifampicin for an
additional four months to ensure killing of persistent bacteria. Regimen modifications including
frequency and drug choices are considered according to the presence of individual drug susceptibility
and HIV infection. The comparatively long duration of treatment has an impact on treatment
adherence and cure rates, development of side effects, and time to bacterial sterilization (and therefore
impact on infection transmission and TB control). Any factor that diminishes the likelihood of a
person adhering to the prescribed drug regimen dosage and duration increases the likelihood of
developing secondary drug resistance. As a result, current therapeutic research priorities include the
development of shorter-duration TB drug regimens.

MDR-TB is resistant to the two most effective first-line TB drugs, isoniazid and rifampicin. Since
each of the four TB drugs has different advantages and modes of action, all are required to achieve
good treatment outcomes. Drug resistance to isoniazid and rifampicin is associated with an increased
risk of treatment failure, disease relapse, additional drug resistance, and death. XDR-TB is disease
that is resistant to isoniazid and rifampicin, at least one fluoroquinolone antibiotic (e.g., ciprofloxacin,
levofloxacin, ofloxacin), plus at least one of the three injectable second-line drugs (amikacin,
kanamycin, or capreomycin) [15]. Primary MDR or XDR-TB occurs when a person is infected with
drug-resistant bacilli, while secondary MDR and XDR-TB develop as a result of insufficient treatment
efficacy due to poor treatment adherence, drug shortages, inappropriately prescribed medication
regimens, drug malabsorption or drug–drug interactions, as well as drug resistance as a result of
spontaneous tubercle bacillus mutations [15, 152–154].

Ten new or repurposed anti-TB drugs are currently in the late phases of clinical development, and
in the last two years, two new drugs, bedaquiline and delamanid, have been approved for the
treatment of MDR-TB under specific conditions [1]. Encouraging news from five of the 27 high
MDR-TB burden countries indicates that a treatment success (e.g., cured or completed treatment) rate
of � 70% was achieved in Ethiopia, Kazakhstan, Myanmar, Pakistan, and Viet Nam; however, this is
offset by the overall treatment success proportion of only 48% in the 126 countries (including all 27
high MDR-TB burden countries) reporting treatment outcomes for people initiating MDR-TB therapy
in 2011 due to high mortality and loss to follow-up. While 97,000 patients were started on MDR-TB
treatment in 2013, representing a threefold increase compared with 2009, almost 40,000 were on
waiting lists. Importantly, the gap between diagnosis and treatment widened between 2012 and 2013
in several countries, with the highest gaps among the high MDR-TB burden countries observed in
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Myanmar, Tajikistan, and South Africa [1]. A DOTS-Plus approach has been proposed by the WHO
to tackle drug-resistant TB. The DOTS-Plus for MDR-TB management strategy adds components to a
well-functioning basic DOTS program and strives for high treatment completion rates and high case
detection combined with advocacy for the provision of affordable second-line anti-TB medications. In
practice, the high level of financial and governmental capacity required to implement DOTS-Plus is a
serious challenge for many of the most affected countries. The drugs for treating an MDR-TB case
can cost over $5000 with overall treatment costs exceeding $250,000 in XDR-TB cases [155], and the
longer duration of MDR-TB treatment (�20 months) is burdensome on healthcare systems already
under resource constraints.

Additional considerations in the management of HIV-associated TB disease are needed [156].
Intensifying HIV testing efforts, providing isoniazid preventative therapy, and ensuring universal
access to antiretroviral therapy soon after HIV diagnosis have been shown to reduce the
HIV-associated TB burden as well as the likelihood of immune reconstitution inflammatory syndrome
(IRIS) and mortality. In 2013, only 48% of TB cases worldwide had a documented HIV test result,
with a greater proportion who knew their status in Africa [1]. While the September 30, 2015, update
to WHO guidelines indicating antiretroviral treatment should be initiated as soon as a positive HIV
infection diagnosis has been made [157], however, the 2013 estimate of only 70% of TB patients
known to have HIV infection who were on antiretroviral treatment falls considerably short of the
100% goal [1]. Estimates of TB prophylaxis in people living with HIV infection lagged far behind
with only 21% of countries worldwide, and 14/41 high TB/HIV burden countries, offering recom-
mended prophylaxis in 2013 [1]. WHO strongly recommends that people living with HIV infection
who are unlikely to have active TB should receive at least six months of isoniazid preventive therapy
as part of a comprehensive package of HIV care [158]. Additionally, there is evidence that giving
isoniazid preventive therapy for at least 36 months may be particularly beneficial in setting with a
high prevalence of TB and a high likelihood of transmission, i.e., a high risk of new infections, while
consensus evidence in support of longer duration or lifelong preventive therapy is unavailable at the
present time [158].

Tuberculosis Prevention Through Vaccination

Vaccines remain the single most important tool to prevent infectious diseases. The only currently
available TB vaccine, BCG, was developed in 1921 by Léon Charles Albert Calmette (1863–1933)
and Camille Guérin (1872–1961). This vaccine was among the first available vaccines and is derived
from a live attenuated non-virulent M. bovis strain, also known as M. bovis BCG. BCG use is
widespread, covering over 80% of infants worldwide through its inclusion in the WHO Expanded
Programme on Immunization [159]. The vaccine is given to infants at birth or shortly thereafter in a
single intradermal or percutaneous injection. Given the increased risk of persistent or disseminated
BCG disease in immunocompromised individuals [160], the WHO Global Advisory Committee on
Vaccine Safety advises that BCG vaccination is contraindicated if HIV infection is known.
Vaccination provides variable protection against disease progression to miliary (disseminated) TB or
TB meningitis in uninfected individuals, but does not provide protection against primary TB infection
or LTBI [161]. Overall, this means that while vaccinated children may be protected against severe and
often fatal forms of early childhood TB, the vaccine does not provide sufficient efficacy to offer
longer-term protection against adult TB disease.

Given the significant limitations of BCG, new TB vaccine approaches are needed to reduce the
global TB burden and minimize the likelihood of drug-resistant strains [162]. Over the last two
decades, considerable progress has been made [163]. Preclinical vaccine candidates and more than a
dozen vaccines in clinical trials have been developed either as BCG vaccine boosters or as novel
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vaccines to replace BCG. Key challenges that new vaccines must meet are the ability to offer
protection against infection in people already exposed to non-tuberculous mycobacteria [164] that are
ubiquitous in hot climates and may alter vaccine efficacy through unidentified mechanisms (e.g.,
pre-exposure protection) or those infected with MTBC (e.g., postexposure or postinfection protection
against disease progression), against all MTBC strains and forms of TB disease, and among people
with HIV infection (e.g., therapeutic protection).

Conclusions

Treatment with multiple antibiotics, ensuring people complete their prescribed treatment course, and
actively tracing individuals that may have been infected remain the best measures for containing the
spread of TB. However, new tools for early detection and rapid and effective infection control are
needed to stem transmission. It is also clear that more “upstream” approaches that take into account
the role of poverty, substandard housing, malnutrition, HIV epidemic characteristics, and broader
socioeconomic disparities are also needed. Interventions that explore the complex interplay between
biological and structural phenomena driving the current TB epidemic may help to change the tide and
push back this disease which continues to affect so many people worldwide.

Discussion Points

• How do poverty and tuberculosis interact, before antibiotic treatment became available and now
that treatment is available (think of a specific setting)?

• Which factors influence the risk of becoming infected with TB, and which is the risk of pro-
gressing from latent infection to disease?

• How does the epidemiology of tuberculosis differ between low-, middle-, and high-income
countries? And how should tuberculosis control in high-income countries respond to increased
migration from low- and middle-income countries? Think also of higher-risk groups in
high-income countries.

• How has the emergence of HIV altered the control of tuberculosis?
• How can tests, such as the Xpert MTB/RIF assay, that give results within <2 h make a substantial

difference in TB control?
• For which groups of people is preventive TB therapy indicated and why?
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Chapter 18
HIV—Medical Perspective

Louise C. Ivers and Daniel Duré

Keywords HIV � AIDS � Antiretroviral therapy � ART � Global health � Equity � Nutrition
Learning Objectives

• To identify major events in the history of, and the global response to the HIV epidemic
• To explain the pathogenesis and clinical features of HIV infection
• To describe the concept of the HIV continuum of care in public health
• To evaluate the many factors associated with HIV risk and access to HIV prevention, treatment

and care

Introduction

Human immunodeficiency virus (HIV) infection remains an important public health challenge and a
leading cause of death and disability, affecting more than 35 million people worldwide [1]. HIV
infection leads to a chronic clinical course of progressive immune dysfunction, susceptibility to a
range of opportunistic infections and malignancies, and usually results in death if untreated. More
than 39 million people have died of HIV-related diseases since the epidemic began [2]. HIV infection
and its associated morbidity, mortality and the social and economic impact of this disease present
important challenges for entire populations. Although people from all walks of life are at risk of
infection, the global epidemic has illuminated poverty and inequalities. Understanding the history of
the epidemic, the activism and mobilization behind access to care and treatment, the social and
economic barriers to care and the gaps in access to services are all important in designing successful
public health programs going forward. As context for understanding the importance of nutrition and
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development as they relate to HIV infection, this chapter highlights key aspects of HIV from a
medical perspective—including:

• A brief history of the HIV/AIDS epidemic and access to care
• HIV virology, transmission and pathogenesis
• Clinical history of HIV infection
• Global epidemiology of HIV
• Comprehensive HIV care—the HIV care continuum
• Prevention of HIV
• Overlapping epidemics
• Women and children

Providing medical detail of all aspects of HIV infection and treatment is beyond the scope of the
chapter—so medical specifics on antiretroviral therapies, treatment and prevention of opportunistic
infections and management of HIV-related complications are not provided. For these kinds of medical
detail, the reader is encouraged to review recent guidelines on prevention, treatment and care of HIV
(Box 18.1)—these are regularly updated and available free of charge.

Box 18.1 Available Guidelines on the Prevention, Treatment and Care of HIV
Detailed clinical guidelines are provided by a number of sources, including

United States Government Department of Health and Human Service
http://aidsinfo.nih.gov/guidelines/

World Health Organization
http://www.who.int/hiv/pub/guidelines/en/

The European AIDS Clinical Society
http://www.eacsociety.org/Guidelines.aspx

A Brief History of the HIV/AIDS Epidemic and Access to Care

In many ways, the evolution of the HIV pandemic, and the major social and scientific response to it
was unprecedented for this generation. Initially charged by fear and discrimination, a global social
movement paired with rapid advances in research led to tremendous progress, but much remains to be
done. Appreciating the history is important for understanding the ways forward. A number of sources
provide detailed and excellent reviews of the history of the HIV epidemic [3, 4], and the following
paragraphs note some of the major milestones.

In 1981, the Centers for Disease Control and Prevention (CDC) in Atlanta reported the occurrence
of Pneumocystis carinii pneumonia (PCP) in five men in Los Angeles without identifiable cause [5].
Around the same time, at least eight cases of aggressive Kaposi Sarcoma—a rare tumor usually
occurring in the elderly—were described in young men who had sex with men (MSM) in New York
[6], and speculations began on the possible cause of these diseases which were appearing outside of
their typical hosts. Knowledge evolved quickly, and by the end of 1981, cases had also been observed
in the UK, and among injection drugs users as well as MSM [5, 7]. Despite the recognition of these
clinical cases in the 1980s, later sero-archeological studies documented HIV infection before 1980
and suggest that the pandemic started in the mid- to late 1970s and spread worldwide by 1980 [8, 9].

In July 1982, the acronym AIDS (acquired immune deficiency syndrome) first emerged, and in
December of the same year, mother-to-child transmission of the disease was described for the first time
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[10, 11]. The following year, researchers from the Institute Pasteur in France reported that they had
isolated a new virus that could be the cause of AIDS, initially naming it lymphadenopathy-associated
virus [12, 13]. By 1985, at least one case of HIV infection had been reported from each region of the
world, and a test was licensed for screening blood supplies [14]. In 1986, early results of a clinical trial
showed that zidovudine (AZT), a drug that had been synthesized in 1964 as possible anticancer drug,
slowed down HIV infection [15] and it was licensed in 1987 for treating AIDS. By 1994, this drug was
shown to substantially reduce the risk of mother-to-child transmission of HIV, and a United States
Public Health Service task force recommended that it be provided to HIV-infected pregnant women
during pregnancy, in labor, and to their infants for 6 weeks after delivery [16]. Infant HIV infections
began to fall in resource-rich countries where access to the drug was available [17].

In 1995, AIDS had become the leading cause of death among all Americans aged 25–44 [18]. In
response to the global problem, the Joint United Nations Programme on AIDS (UNAIDS) was
established and came into effect on January 1, 1996, bringing together agencies from the UN system
to contribute to reducing the impact of the epidemic and harmonizing work at country level. In 1997,
according to estimates made later, 22 million people were living with HIV globally [3]. The previous
year, studies had demonstrated the effectiveness of combinations of drugs in treating AIDS, and this
had led to optimism about the treatment of HIV-infected people [19]. Brazil became the first
developing country to provide this combination treatment free of charge to citizens. The combination
of antiretroviral drugs (ARVs) used to treat AIDS was often termed “highly active antiretroviral
therapy” and initially became known by its acronym HAART. This was later more commonly
abbreviated as ART. The introduction of ART revolutionized treatment of HIV infection. However,
access to treatment was not universally available, and infections continued to increase globally.
Strong grassroots movements evolved, especially of people living with HIV, and battles with
multinational pharmaceutical companies attempted to force cuts in drug prices in a push toward
access to care [20, 21].

In 2002, the Global Fund for AIDS, Tuberculosis (TB) and Malaria (GFATM) was established to
seek and distribute resources to improve the response to those three diseases globally. On
World AIDS Day in 2003, the World Health Organization (WHO) announced a new plan called
“Three by Five,” which aimed to provide 3 million people in resource-poor countries with ART by
2005 [22]. This target was seen as a step toward achieving the ultimate goal of universal access to
treatment for those living with HIV infection and AIDS. The campaign did not reach its target, and
over 3 million deaths were attributed to AIDS in 2005. However, the campaign contributed impor-
tantly to an emphasis on saving the lives of those already living with HIV infection by expanding
access to lifesaving therapy. The number of people on ART more than doubled between 2003 and
mid-2005, from 400,000 to approximately 1 million [22]. This emphasis on saving the lives of those
living with HIV was notable particularly in contrast to the emphasis that some had previously placed
on prioritizing HIV prevention as the most important and cost-effective intervention to control the
epidemic [23].

Although the movement to begin access to ART in low- and middle-income countries did not
begin with GFATM or “Three by five”—for example, Brazil was treating patients through public
health programs since 1996, Partners In Health began treating people with AIDS in Haiti in 1998,
Médecins Sans Frontières in Cameroon in 2001—these initiatives provided a political commitment
and helped to leverage financial resources to scale up services [22, 24, 25].

The US Government Presidents Emergency Fund for AIDS Relief (PEPFAR) with a budget of $15
billion over 5 years was created in 2003, with a goal of increasing access to prevention and treatment
in 15 focus countries. Progress in prevention was made scientifically in 2006, when male circum-
cision was shown to reduce HIV acquisition among heterosexual men [26, 27], and again in 2011
when the HTPN 052 trial showed that early ART initiation reduced HIV transmission by 96% among
discordant heterosexual couples [28]. By 2013, 37% of people living with HIV were receiving
treatment [29].
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Access to Care and Treatment—Antiretroviral Drug Prices and Global
Health Initiatives

Governments, communities, people affected by HIV, international organizations and non-
governmental organizations together have played a major role in advancing global access to care
and treatment for HIV. In May 2000, ART cost US$10,400 per person per year, and so price was a
major barrier to treatment for the majority of people living with HIV infection [30]. The work of
grassroots activists, people living with HIV, as well as organizations such as Médecins Sans
Frontières and the Clinton Health Access Initiative, among others, greatly affected ARV pricing [31].
The introduction of generic antiretroviral medicines (initially produced mostly in India), pressure
from activist groups and direct negotiation with manufacturers meant that by 2001, the cost of ARVs
per person per year had fallen to US$295, thus paving the way for increased access to treatment for
those that needed it [32]. The price of ARVs continues to fall in low- and middle-income countries
and in 2013 was US$115 per patient per year [31]. Challenges still remain however, as the cost of
second- and third-line ARVs are more expensive, and a number of middle-income countries do not
have access to cheaper generic drugs [30, 31].

In 2002, a multi-billion dollar initiative—the aforementioned GFTAM—was established in
Geneva, Switzerland, to “[a]ttract and disburse additional resources to prevent and treat HIV and
AIDS, tuberculosis and malaria” [33]. Operating as a public–private partnership, by 2012 the orga-
nization had authorized US$22.9 billion in funding for over 1000 programs in 151 countries [33].
According to the organization, since its establishment, more than 11.2 million people have benefitted
from TB diagnosis and treatment, 360 million insecticide-treated antimalaria nets have been dis-
tributed worldwide, and by mid-2013, approximately 6 million people were on lifesaving ART
regimes through GFATM-supported programs (of the 12.9 million people on ART in low- and
middle-income countries) [33]. Each country receiving funding from GFTAM has their own program
coordinating body—the Country Coordinating Mechanism—with representatives from those
involved in treating AIDS, TB and malaria, as well as from the communities that are living with these
diseases. It is this coordinating committee that applies for the Global Fund grant, and oversees its use
in the implementation of their national programs. Actual implementation is carried out by various
organizations within the country, such as non-governmental organizations, governmental depart-
ments, UN organizations or other faith- or community-based organizations [34].

PEPFAR (President’s Emergency Plan for AIDS Relief) was established in 2003 by the US
Government and was unprecedented in terms of being such a large, single-health-issue initiative by a
single government. It began as a commitment of US$15 billion over 5 years (2003–2008) with
specific goals aimed at targeting HIV/AIDS care, treatment and prevention in 15 focus countries: 12
in sub-Saharan Africa, two in Latin America and one in Asia [35]. Its re-authorization in 2008 for an
additional 5 years (2009–2013) saw an increase in funding to US$48 billion, with a shift from the
initial focus-country approach to a Partnership Framework and with an emphasis on sustainability and
long-term strategies for the fight against HIV/AIDS [35]. The primary goal of PEPFAR within this
partnership framework was to work with its partner countries that received funding in order to prevent
12 million new infections of HIV globally; to support 12 million people infected with or affected by
the disease; to aid partner countries in reaching 80% access to treatment, care and counseling services;
and to minimize the spread of HIV, particularly among women, children and mother-to-child
transmission [36]. The program continues now in Phase 3 (2013–present) and is focused on sus-
tainable control of the epidemic [37].

Both GFATM and PEPFAR have had challenges and critiques, but together they have been the
biggest financial contributors to the scale up of access to prevention, treatment and care worldwide.
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Health Systems Strengthening

WHO defines a health system as “all the activities whose primary purpose is to promote, restore or
maintain health” [38]. WHO’s “Maximizing Positive Synergies” project posed the important question
of “How can Global Health Initiatives and national health systems optimize their interactions to
capitalize on positive synergies and minimize negative impacts, thereby achieving their common goal
of improving health outcomes?” [39]. The WHO Health Systems Framework outlines what it con-
siders to be the fundamental building blocks of a robust health system—service delivery; health
workforce; information and research; medical products, vaccines and technologies; healthcare
financing; and leadership and governance—and that the interdependence of each of these parts should
be recognized when addressing Health System Strengthening [40]. Initially, disease-specific global
health initiatives, such as GFTAM and PEPFAR, were more likely to be organized and implemented
in a vertical fashion, with a primary focus on the diseases that they aimed to combat, funding
programs separately from the rest of the health system, with their own staff, materials and information
systems. However, as the initiatives evolved over time, increasing recognition has been given to the
role that strong national health systems should play in implementing the disease-specific programs,
and how funding might work to strengthen the health systems as a whole, rather than being separate
activities that could even detract from primary healthcare if not appropriately integrated and planned.
This, in turn, has led to the rethinking of how funding that a country is receiving through such an
initiative should be used, not only for disease-specific interventions, but to improve service delivery
as a whole and to build a stronger national health system. GFTAM and PEPFAR have increasingly
highlighted the importance both of addressing these concerns and of finding new ways to frame both
the problems and the solutions of Health System Strengthening. The impact of this is demonstrated by
UNAIDS report in 2013 that more than half of countries have either fully integrated HIV and
tuberculosis services or strengthened joint service provision, almost two-thirds have integrated ser-
vices to prevent mother-to-child HIV transmission in antenatal care, and two-thirds have integrated
HIV and sexual and reproductive health services. Nearly one in four countries have linked HIV and
management of chronic non-communicable diseases, and more than half have integrated HIV testing
and counseling and/or antiretroviral therapy in general outpatient care [2].

HIV Virology, Transmission and Pathogenesis

HIV is a retrovirus and member of the Retroviridae family of viruses, genus Lentivirus. There are two
types of HIV: HIV-1 and HIV-2, both with similar transmission characteristics. HIV-1 is the predom-
inant virus in the global pandemic of HIV. HIV-2 differs from HIV-1 in that it appears to be somewhat
less easily transmitted, the time from infection to clinical illness is longer than for HIV-1, and HIV-2 is
mainly present in West Africa. Furthermore, certain antiretroviral drugs are not active against HIV-2.
Unless the type is specified, when the term “HIV” is used, it is most often referring toHIV-1 [13, 41–44].

HIV has a high genetic variability that results in part from its rapid replication cycle and its high
mutation rate. The different strains of HIV-1 are divided into four groups: M, N, O, P. Group M (for
“Major” or “Main”) predominates and contributes to more than 90% of HIV/AIDS cases globally.
Group N (for “non-M, non-O”) and O (for “Outlier”) are limited to Gabon and Cameroon, and the
Group P is very rare [45]. Group M can be further subdivided into subtypes or clades: A through K.
There are also further circulating recombinant forms derived from combinations of viruses of different
subtypes. These subtypes do not currently impact antiretroviral treatment choice except that subtype
O is resistant to the non-nucleoside reverse transcriptase inhibitor class of drugs [43]. HIV-2 is
subdivided into eight groups, from A to H [43].
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Biology of HIV

HIV is a cytopathic virus, composed of a central core of RNA surrounded by a spherical lipid envelope.
Embedded in the envelope are glycoprotein surface markers. The bullet-shaped viral core contains
three enzyme proteins necessary for HIV replication: reverse transcriptase, protease, integrase, and two
single strands of RNA. HIV primarily targets CD4+ T cells (also known as CD4 cells, or CD4+ cells,
or T cells), dendritic cells and macrophages. To enter CD4 cells and other cells, the HIV attaches to the
CD4 protein on the cell surface, but this is not sufficient to enter certain other cells. To enter monocytes
and dendritic cells, the HIV virus docks and binds at two separate sites: the CD4 receptor and a
7-transdomain chemokine receptor [46]. The most important of the chemokine receptors are CCR5 and
CXCR4 [46]. Once binding has occurred, the viral envelope fuses with the host cell membrane, and the
contents of the HIV particle enter the cell. Reverse transcriptase then produces a DNA copy of the viral
RNA, the DNA becomes integrated into the host genome using viral integrase, and either one of two
things may happen: (i) active viral replication takes place or (ii) a latent stage occurs. The latent stage
can persist indefinitely, or be activated and transcribe RNA, thus producing the components of new
virions. After assembly, the virions bud from the infected cell and circulate until a new target cell is
identified. Each step of the replication process is either a pharmacologic target of, or a site of inves-
tigation for ways to disrupt the viral cycle, transmission and development of disease.

HIV Transmission

HIV transmission occurs by three major routes: sexual contact (through semen, cervicovaginal
secretions), contaminated blood (through transfusion, blood products or contaminated needles) or
vertical transmission from mother to child. Multiple cofactors affect both susceptibility to infection
and infectiousness. For example, inflammatory sexually transmitted diseases such as gonorrhea or
ulcerative genital lesions increase susceptibility to infection. Male circumcision lowers the risk of
HIV acquisition among heterosexual men [47]. Lower blood concentrations of HIV are associated
with lower transmission. A study in Uganda noted a dose–response relationship such that increased
transmission was associated with increased viral load in HIV serodiscordant couples [48]. Innate and
acquired factors in the host may also affect susceptibility to infection—people that are homozygous
for a 32-base pair deletion in the CCR5 co-receptor that binds HIV are less likely to become infected
than those who do not have it [46]. It is estimated that HIV results in an established systemic infection
within 72 h of acquisition, and this contributes to the recommendation that antiretroviral drug therapy
be considered to prevent infection after exposure—see below for further discussion of post-exposure
prophylaxis (PEP) [49, 50].

Clinical History of HIV Infection

The typical course of HIV infection can be described in characteristic phases:

Early HIV Infection–Acute HIV Infection

“Early HIV infection” is the term frequently used to describe the period of approximately six months
after initial acquisition of the virus. “Acute HIV infection” describes the symptomatic illness that may
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occur during early HIV infection. Although it is difficult to clearly determine, it appears that most
early HIV infection is symptomatic, although many patients do not seek medical care during this
time. Symptoms of acute HIV infection (also known as “acute seroconversion illness”) are typically
non-specific, influenza-like or infectious mononucleosis-like. More severe symptoms during acute
HIV infection, especially lasting longer than 14 days, have been associated with more rapid pro-
gression of disease [51–53]. After acquisition of the virus, HIV viral levels rise rapidly and peak
usually at the time when antibodies to HIV are measurable (also known as seroconversion). Initially,
there is no HIV-specific immune response and many susceptible CD4 cells are present. Viral levels
rise dramatically, and then, with the development of HIV-specific CD8+ cytotoxic T lymphocytes,
around six months after infection, plasma viral levels fall to a more steady state known as the
individual’s “set point.” Symptoms usually coincide with rising plasma viral levels and subside with
the development of HIV-specific response and the reduction in plasma viremia.

Patients in the early phase of HIV infection have a high risk of transmission of disease because of
the high viral loads that occur during this phase. Rare patients maintain a high CD4 cell count and a
low or undetectable level of plasma HIV even in the absence of antiretroviral therapy. These so-called
elite controllers are characterized by the persistence of an HIV-specific immune response. Research
interest in therapeutic intervention in early HIV infection includes trying to recreate a similar
immunologic scenario in which HIV-specific immune responses in the host are preserved during early
infection, allowing sustained viral control.

Anti-HIV antibodies begin to develop 4–8 weeks after acquisition of the virus. Most patients have
seroconverted (i.e., developed antibodies) by 4 weeks after exposure and almost all by 6 months. The
pre-seroconversion period of early HIV infection is challenging in terms of epidemic control, as
patients are often unaware of their illness, are highly capable of transmission, but are negative on HIV
antibody testing [52].

Clinical Latency or Chronic Asymptomatic HIV Infection

After the early infection phase, HIV infection enters an asymptomatic phase that lasts an average of
8–10 years, but can be highly variable. During this time, CD4 counts slowly decline and viral levels
of HIV remain relatively stable at the individual’s “set point” [54].

Early Symptomatic Infection

After the clinical latency period, HIV infection becomes symptomatic with symptoms that may be
more specific than those that may have occurred at the time of initial acute infection. Certain illnesses
such as oral thrush, persistent or frequent vaginal candidiasis, oral hairy leukoplakia, peripheral
neuropathy or constitutional symptoms such as low-grade fevers and weight loss may occur during
this time. For an extensive list of conditions, please see a clinical management guide (Box 18.1).
Patients’ physical examination during this time may be completely normal, with the exception of
lymphadenopathy, which often occurs but may be overlooked by the patient.

Acquired Immune Deficiency Syndrome (AIDS)

AIDS is defined by specific clinical criteria that include a CD4 cell count <200/mm3, a CD4 cell
percentage of total lymphocytes <14%, or by the presence of one or more AIDS-related opportunistic
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infections or neoplasms, such as Pneumocystis carinii pneumonia, cryptococcal meningitis and central
nervous system toxoplasmosis. An extensive list ofAIDS-defining conditions is beyond the scope of this
chapter, but can be found in clinical management resources. Generally, the term “AIDS” is reserved for
those individuals that meet these specific criteria, and otherwise, the terms “HIV infection” or “HIV
disease” are used. In addition to depletion of CD4 cells, humoral immunity is also affected during
progressive HIV infection, resulting in activation of B cells, and often increased serum immunoglob-
ulins, although these are typically non-specific antibodies, altered in function. Advanced HIV infection
results in further decline in CD4 cell count below 50 cells/mm3, the stage at which most deaths from
AIDS occur in the absence of treatment. However, with aggressive management of opportunistic
infections and viral control with ART, even patients with advanced AIDS can recover to good health.

Global Epidemiology of HIV

Since the beginning of the epidemic in the 1980s, 78 million people have become infected with HIV,
and 39 million have died from AIDS-related illnesses. At the end of 2013, an estimated 35 million
people were living with HIV [1]; the annual rate of new infections having decreased by 33% between
2001 and 2012, from 3.4 million to 2.3 million, respectively [2]. Of those 35 million, 31.8 million are
15 years and older, 3.2 million are children under 15 years old, and 16 million are women [56].

One of theMillenniumDevelopment Goals, to halve the rate of sexual transmission of HIV infection
by 50%, was met by 26 countries. Sub-Saharan Africa is the region most disproportionally affected,
with 70% of the total rate of new infections globally. In this region, women account for 58% of the total
number of those living with HIV [1]. Worldwide, 15% of women living with HIV aged 15 years and
older are young women (15–24 years old), and of these, 80% live in sub-Saharan Africa [29]. Women
are physiologically at greater risk of contracting HIV, as during sexual intercourse they risk tissue
injury, and have a greater mucosal area exposed to pathogens and infectious fluids. Many other factors
also increase women’s vulnerability to acquiring HIV, including behavioral, socioeconomic, cultural
and structural risks [57].

Often, certain populations are being left behind in the response [29]. People who inject drugs are
28 times more likely to have HIV than the general population. Men who have sex with men are 19
times more likely to be infected, and female sex workers have a prevalence of 13.5 times that found
among women aged between 15 and 49 years [29]. Unfortunately, rather than prompt special
interventions to address the needs of these key populations, these statistics have often contributed to
inappropriate blame, accusation and stigma directed at these groups. This was particularly true at the
beginning of the epidemic, but continues in many contexts. Addressing the needs of such key
populations including also prisoners and adolescent girls is critical for the response to be successful.

Voluntary HIV testing and counseling is the gateway to accessing treatment; yet, only half of those
living with HIV are aware of their status [29]. Only 38% of adults and 24% of children living with
HIV, including those who do not know they are HIV positive, have access to treatment globally [29].
At the end of 2013, there were 12.9 million people receiving ART globally, of whom more than 11.7
million were based in low- and middle-income countries [29, 58].

Prevention programs have been shown to be effective in lowering HIV transmission and reinforce
the need to invest in preventative measures [29]. Voluntary male circumcision was performed on 2.7
million men in high-priority countries in 2013 [59]. Providing pregnant women living with HIV with
access to antiretroviral medicines has averted more than 900,000 new HIV infections among children
since 2009 [29]. TB remains the leading cause of death among people living with HIV, although that
number has decreased by 36% worldwide between 2004 and the end of 2012 [29]. Of those living
with HIV, 2–4 million also have hepatitis B and 4–5 million have hepatitis C; all three are more
prevalent among prisoners living with HIV [29].
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The HIV Continuum of Care

Comprehensive HIV Care

Health is a state of complete physical, mental and social well-being – not merely the absence of disease or
infirmity [60].

What follows from this quote is that HIV care must address the physical as well as the psy-
chosocial impacts of HIV infection. Providers must also attempt to understand and address the
structural and individual barriers to seeking and remaining in care. The “continuum of care” or
“cascade of care” for HIV is the name often given to the set of steps that must each be accomplished
for a person with HIV infection to reach a healthy state (Fig. 18.1). The continuum includes:

(i) HIV diagnosis—counseling and testing for HIV infection
(ii) Linking to care—once infection has been confirmed, PLHIV must be appropriately linked to

care providers that can offer them appropriate treatment and support
(iii) Remaining in care—because treatment is lifelong, PLHIV must stay engaged in care for an

indefinite period of time, and this poses challenges that must be addressed
(iv) Antiretroviral therapy (ART)—the mainstay of treatment for HIV infection
(v) Viral suppression—regular adherence to effective ART results in viral suppression and

immune reconstitution [61].

Viral suppression is not synonymous with complete health of the individual, and those on
long-term ART may also have side effects that can impact their health and/or quality of life. So the
concept of the “continuum of care” is not really complete and could be further expanded to include
stages of physical, mental and social well-being. However, because viral suppression is measurable in
the laboratory and is a prerequisite for the reconstitution of physical health, it is a very useful
quantitative measure to evaluate the effectiveness of HIV programs—once it is acknowledged that a
healthy person is the desired endpoint, rather than a laboratory result. Despite the tremendous
advances in science and therapeutics, in 2012 only 30% of people over 18 years of age living with
HIV in the USA had achieved viral suppression on their most recent viral load test [62, 63], and
substantial racial and age disparities exist such that African-Americans and younger individuals are
the least likely to remain in care or to have viral suppression [61, 62]. Detailed information for viral
suppression is largely lacking from resource-poor settings because this laboratory test is not widely
available. However, using available data UNAIDS estimates that 21–34% of those living with HIV in
sub-Saharan Africa are suppressed virologically [29, 64]. This highlights how much remains to be
done to identify and address barriers to care and treatment.

Fig. 18.1 Continuum of HIV care. Data from Health Resources and Services Administration, HIV/AIDS Bureau.
Outreach: engaging people in HIV care summary of a HRSA/HAB 2005 consultation on linking PLWH into care.
2006 [online at ftp://ftp.hrsa.gov/hab/HIVoutreach.pdf]
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The following section describes stages of the continuum of care of HIV and some potential
barriers.

HIV Diagnosis—HIV Counseling and Testing

HIV testing is the process of determining HIV status. Lack of awareness of one’s HIV status
contributes to significant morbidity and mortality and also contributes to ongoing transmission of the
infection. HIV testing policies have been mired in the complex social history of HIV infection and the
initial fear and discrimination related to the disease, especially in the pre-ART era. Thankfully, these
policies have been changing and this has contributed to increases in (voluntary) testing. In the USA,
16% of those with HIV infection are estimated to be unaware of their status, but globally that may be
as high as half of those infected are unaware [65, 66].

Two approaches have evolved for scaling up HIV testing so that individuals know their HIV status
as a first step on the continuum of care: voluntary counseling and testing (VCT) and provider-initiated
counseling and testing (PICT). In VCT, individuals with the objective of learning their HIV status
initiate contact with a health worker. As a strategy for epidemic control, VCT has a number of
limitations—for example, there are specific health-seeking barriers to be overcome for an individual
to specifically ask for an HIV test, individuals often underestimate their own personal risk of
acquiring HIV infection, and the clinical latency of HIV infection means that infected individuals are
asymptomatic for a long period of time which may dissuade them from seeking testing. In
provider-initiated testing (PICT), the process of offering a test for HIV infection is initiated by a
healthcare worker during routine healthcare interactions and is increasingly recommended as a routine
part of care (as opposed to just targeting individuals considered to be most at risk and/or showing
symptoms). Routine PICT is a sound policy, once the rights of patients to information, treatment and
confidentiality are realized. Even in lower burden settings, routine PICT is increasingly recommended
and has resulted in increases in HIV testing and diagnosis [66, 67].

Given that transmission of HIV from mother to her infant can almost be eliminated with appro-
priate preventive methods, an opt-out testing policy is recommended in most settings for pregnant
women. This means that HIV counseling and testing are offered as routine to all pregnant women, and
women who do not want to be tested must opt-out [66, 68].

Testing involves identifying the presence of HIV antibodies and/or HIV antigen, i.e., a component
of the virus. Newer generation tests include combined antibody and p24 antigen detection, the
combination of which allows for identification of early HIV infection, which may be missed by
protocols that only test for HIV antibodies. In chronic infection, newer generation tests are almost
100% sensitive and specific for HIV infection, but they are less sensitive for early infection, and if this
is suspected and a combined test is negative or indeterminate, an additional antigen test such as
HIV RNA is required. In the USA, current recommendations are to use a combined HIV p24 antigen
and HIV antibody test, followed by confirmation by an HIV-1/HIV-2 antibody differentiation
immunoassay [68].

Antibody tests are also available as rapid tests that are easy to administer on blood obtained by
finger-prick, can be done in a community or facility setting and have less than 30-min turnaround
time, thereby allowing for same-day results. If positive, antibody rapid tests must be confirmed by
another test before diagnosis of HIV is confirmed. Many resource-limited settings do not have access
to newer generation combined antibody/antigen tests because of cost. In this situation, it is common
to use a protocol of sequential rapid antibody testing—a highly sensitive rapid test is used first and
followed by a second highly specific rapid test if positive. This may or may not be followed by
Western blot for confirmation. Western blot detects IgG antibody to HIV-1 and is usually only
available at second- or third-level facilities [69].
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HIV testing of infants that have been exposed to HIV in utero is more complex because maternal
HIV antibodies that are transplacentally acquired persist in infants for up to 18 months of life. This
means that rapid antibody testing is not very specific for HIV infection in the infant during this time
period. Furthermore, maternal ART and ART provided to the infant at birth can render the infant’s
HIV RNA level below detection even if the child is infected. DNA polymerase chain reaction test
(DNA PCR) detects HIV proviral DNA in peripheral white blood cells and is the standard test for
infants exposed to HIV in utero. It assesses the presence of the proviral DNA that has integrated into
the child’s white blood cells. Because transmission from mother to child occurs perinatally as well as
intrauterine, HIV DNA PCR testing is only 55% sensitive at birth, but this increases to 100% at six
months of age [70]. HIV DNA PCR testing is the standard of care diagnostic test for exposed infants
where available, but is limited in availability in resource-poor settings.

Linking to Care: Engaging, Retaining and Re-engaging in Care

HIV testing is just the very first step toward engagement in care. When a patient is diagnosed with
HIV infection, it is very important to ensure that this contact through testing is continued to encourage
them to be linked into ongoing care. Many factors can interfere with the continuum of care, and
barriers can occur along the spectrum. For example, many people are tested for HIV infection but
never even learn the results of the test, or receive test results but never return to a healthcare provider
again. An individual’s engagement in care can also fluctuate rather than be static, and it may depend
on social, economic, structural or other factors their life. Engaging early in HIV care has many
positive benefits on health, and research has shown that people living with HIV who are engaged in
care are also less likely to engage in unprotected sex, or injection drug use [71, 72]. The best models
of care that ensure linkage and engagement are those that attempt to address the personal, community,
cultural and structural barriers to care [23–25, 72, 73].

Antiretroviral Therapy (ART)

Although there are multiple benefits to being engaged in care, ART remains the most powerful
weapon in the fight against HIV. When antiretroviral drugs were first licensed, they were used quite
aggressively, but side effects of earlier generation treatments, and concern about long-term compli-
cations of therapy subsequently resulted in a more measured approach to initiating treatment.
Advances in therapeutics are now moving the balance back in the direction of early initiation of ART
for treatment as well as for pre- and post-exposure prophylaxis. ART is now recommended for all
people with HIV infection in the USA, and European guidelines recommend at least considering ART
for all HIV-infected individuals [74, 75]. Some of the factors in favor of early initiation of ART
include reduction in HIV RNA (also known as reducing the “viral load”), prevention of immunod-
eficiency, delay in onset of AIDS and reduction in non-AIDS morbidities such as hepatic, neoplastic
and cardiovascular disease, and these are balanced with possible side effects and the need for lifelong
therapy [76]. In resource-limited settings, recommendations to wait to start ART until immune
suppression had advanced (CD4 cell count of <350 or <500 cells/mm3) were only changed in 2015
to come into line with what was already being recommended in Europe and the USA—namely that
ART should be offered to all those with HIV infection regardless of CD4 count. However, this
recommendation has not yet been translated into practice in many resource-limited settings. At least
in the USA and Western Europe, studies have demonstrated that individuals with HIV infection on
ART have a life expectancy that is similar to those in the general population [77, 78].
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People living with HIV infection should be properly assessed for potential barriers to ART
adherence, and every effort should be made to address those barriers, in partnership with the indi-
vidual. This includes evaluation of social and economic challenges, food security, transportation,
childcare needs, status of disclosure and a number of other individual challenges. Early after initiation
of ART, patients need regular and close medical and psychological monitoring to assess for adher-
ence, tolerance and possible side effects. Monitoring of treatment includes review of clinical status,
biological parameters such as blood counts, renal and liver function and viral load. The frequency and
type of follow-up required in part depends on the individual’s ART regimen. Patients with oppor-
tunistic infections because of their degree of immune suppression should be treated appropriately for
those infections. Patients should also receive primary and/or secondary prophylaxis to prevent such
opportunistic infections when appropriate, based on treatment and prevention guidelines.

Exactly when to start, what ART regimens to start, which prophylaxis is recommended, and the
frequency of monitoring and evaluation of patients are all important clinical topics but are beyond the
scope of this chapter. Guidelines for clinical management of patients living with HIV infection are
updated regularly based on changes in scientific knowledge, so the reader is encouraged to review a
recent version of such guidelines—examples are shared in Box 18.1. They also may include local
national guidelines, the US Government guidelines [75] or the WHO guidelines [79].

Viral Suppression, CD4 Count Monitoring and Resistance Testing

Historically both CD4 count and HIV viral load monitoring were recommended as part of regular
follow-up for patients with HIV infection. As a measure of immune function, CD4 count is a strong
predictor of HIV disease progression and survival. It is also an important marker to guide prophylaxis
against opportunistic infections. Most opportunistic infections occur in patients with CD4 cell
counts <200 cells/mm3, but some, such as TB, can occur at higher CD4 counts. Access to CD4
monitoring was expanded globally during the first 20 years of the HIV pandemic, but access to viral
load monitoring remains limited. Evidence is increasing that if viral load is monitored, routine
monitoring of CD4 count for patients on ART may not be necessary, because patients with persis-
tently suppressed viral load tend to have stable or increasing CD4 counts (rather than decreasing). In
the USA, almost all individuals with known HIV infection that are engaged in care are on ART (or at
least are recommended to be on ART), so CD4 count monitoring is recommended less frequently than
in the past, if viral load is measured and suppressed [75].

In addition to high-income countries, some middle-income countries such as Botswana, Brazil,
South Africa and Thailand were also early adopters of HIV viral load monitoring [81], and this
monitoring is increasingly integrated into the guidelines of national HIV programs. HIV viral load is
the most important indicator of initial and sustained response to ART. Ideal viral suppression is
considered to be a viral load that is persistently <20–50 copies/mL, or “undetectable” on routine
laboratory measures. Viral “blips” are seen to occur in some patients—this is when a patient that is
typically suppressed has an isolated viral load in the 20–400 copies/mL range. These blips do not
appear to reflect long-term virologic failure [82]. “Virologic failure” is the term used when the virus
has become resistant to the individual’s antiretroviral therapy regimen, characterized by the indi-
vidual’s viral load increasing despite reliably taking the prescribed drugs. (This is opposed to “im-
munologic failure,” the term given to a fall in CD4 count that occurs at some time after virologic
failure, and which precedes “clinical failure,” the term given when the individual develops clinical
signs and symptoms of HIV progression because of a failing drug regimen). Despite acknowledge-
ment of its importance, and strong recommendation for its use by the WHO [79], viral load moni-
toring still remains out of reach for many people with HIV infection in resource-poor settings, largely
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as a result of lack of availability—due to cost and/or lack of laboratory infrastructure. This issue must
be addressed to ensure the highest quality of care, and equity in access to services.

Since access to CD4 testing is still limited in some settings (due to cost and lack of laboratory
infrastructure), WHO Clinical Staging for HIV infection provides a list of case definitions based on an
individual’s clinical symptoms, signs and presence of opportunistic infections [55]. Clinical man-
agement resources provide more detailed description of WHO stages of HIV disease, but briefly, from
asymptomatic through severe symptoms, an individual will be classified as WHO clinical stage 1
through clinical stage 4 [55]. Clinical staging has some correlation with underlying immune status
and is a tool for decision making in the absence of access to CD4 testing. However, ideally, all
individuals with HIV infection should have access to a care provider that can perform CD4 cell count
and HIV viral load testing, and provide them with individualized care.

HIV resistance occurs as a result of viral replication. Billions of new particles of HIV can be made
each day in a person that is not on treatment, and because the virus is prone to errors in replication,
mutations may occur in the viral genetic material. Those mutations may confer resistance to
antiretroviral drugs. If a patient is sub-optimally adherent to ART, and viral replication is occurring in
the presence of lower-than-suppressive levels of ART drugs, then there is selective pressure for
mutations that are resistant to those drugs.

Drug-resistant virus can be transmitted, and in the USA and Europe, approximately 6–16%
[75, 83, 84] of new infections with HIV are with virus that is resistant to at least one antiretroviral
drug. HIV resistance can be measured by both genotypic assays—that evaluate the mutations in the
reverse transcriptase and protease genes (standard testing) and/or integrase strand transfer inhibitor
and co-receptor tropism (supplemental testing), or by phenotypic assays that measure response to
antiretroviral drugs in vitro. Phenotypic testing is usually reserved for those with multiple mutations
on genotype testing, and a history of multiple treatment regimens. In the USA, HIV drug resistance
testing is recommended for all people with HIV infection at the time that they engage in care, and also
before ART is initiated (if treatment is deferred after the first measurement). Resistance testing is also
recommended to guide ART in patients that are switching regimens as a result of virologic failure, or
sub-optimal viral suppression on ART [75]. In resource-limited settings, resistance testing is rarely
available to guide patient care.

HIV Prevention

The term “HIV prevention” refers to efforts to prevent transmission of HIV and thus primary pre-
vention of new infections. Universal prevention efforts are centered around the three main routes of
transmission: sexual transmission, transmission through blood and mother-to-child transmission. HIV
testing, counseling, awareness and risk reduction are mainstays of prevention efforts, but behavioral
factors are only one component of vulnerability to HIV infection. There is a complex interaction
between behavioral, structural, social, economic and other factors associated with HIV risk, and each
of these must be addressed for HIV prevention strategies to be successful.

From a public health perspective, prevention strategies should be country- or region specific and
incorporate both generalized prevention and specific prevention for issues that may be driving the
epidemic at the regional or national level. For example, a countrymay have a concentrated epidemic that
is driven by the risks associated with injection drug use, whereas other countries have a generalized
epidemic, driven by heterosexual transmission. This approach of usingmultiple aspects of prevention as
part of a comprehensive package has come to be known as “combination prevention.”This distinguishes
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it from early initiatives that were highly focused on behavioral aspects of care, such as the “Abstinence,
Be faithful, use Condoms” (ABC) approach. UNAIDS defines combination prevention as:

…rights-based, evidence-informed, and community-owned programmes that use a mix of biomedical, beha-
vioural, and structural interventions, prioritised to meet the current HIV prevention needs of particular indi-
viduals and communities, so as to have the greatest sustained impact on reducing new infections [85].

Treatment as Prevention

Recently, treatment has been recognized as an important contribution to HIV prevention, and this
occurs in one of three ways—pre-exposure prophylaxis (PrEP), post-exposure prophylaxis (PEP) and
treatment of infected individuals (secondary prevention) [50, 86]. Some controversy continues to
exist with regard to the cost and cost-effectiveness of treatment as prevention (as opposed to treatment
for the health of the individual), as well as to its usefulness on a population level for epidemic control
of HIV [49]. Antiretroviral drugs are recommended as PEP for people that have potentially been
exposed to HIV, especially in occupational settings or after sexual assault. Other non-occupational or
consensual sexual exposures could also be considered for PEP, and its use should be determined on a
case-by-case basis. ART usually in the form of two- or three-drug combinations is started as soon as
possible after the exposure and continued under medical supervision for approximately one month.
Regimens may vary, and other treatments may be recommended for other potential harms from the
exposure, so consultation with a professional is necessary. The detailed management of potential HIV
exposure is beyond the scope of this chapter, but guidelines are regularly updated and made available.
Studies on PEP have been largely experimental studies in animals or observational human studies, but
given ethical considerations, it is unlikely that a placebo-controlled trial would ever be undertaken
[87]. Effectiveness is known to be affected by (i) the timing of ART initiation, with data suggesting
that starting less than 72 h after exposure is most effective; (ii) drug resistance, i.e., if the transmitted
virus is resistant to the PEP ART, and (iii) the adherence of the recipient to the regimen, which is
often low due to side effects—for example, one meta-analysis of sexual assault victims demonstrated
only 40% adherence to PEP over one month [88].

Research has demonstrated that pre-exposure prophylaxis with daily oral antiretroviral drugs
emtricitabine and tenofovir disoproxil fumarate in a fixed-dose combination decreases HIV acqui-
sition among MSM, serodiscordant couples and heterosexual adults, and tenofovir disoproxil
fumarate alone is effective in preventing infection in heterosexual couples and in people who inject
drugs [89–93]. Current guidelines suggest the use of the two-drug regimen, although pre-exposure
prophylaxis continues to be an active and evolving area of research and practice and guidelines will
likely be revised regularly as data emerges from early implementation of pre-exposure strategies.

Other Prevention

Prevention of sexual transmission may be through safer sex practices, condom use, voluntary male
circumcision and treatment of those that are infected. There is strong evidence that even brief
behavioral counseling delivered to those at risk of HIV infection reduces sexual risk behavior and
increases condom use. Identification and treatment of other sexually transmitted infections is also
important in prevention, as the presence of cervicitis, vaginitis or other sexually transmitted infections
increase the risk of HIV acquisition. Prevention of blood-related transmission includes screening
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blood products for HIV, eliminating or reducing needle-sharing among injection drug users and
reducing or eliminating needle-related occupational accidents [50].

Voluntary male circumcision reduces—HIV acquisition by as much as 60%, and is also protective
against transmission of other sexually transmitted infections such as human papilloma virus and
herpes simplex virus type 2 [94–97]. UNAIDS recommends voluntary male circumcision as a
strategy for HIV prevention in countries with generalized epidemics and low prevalence of male
circumcision.

Overlapping Epidemics

In addition to morbidity and mortality directly from HIV, a number of important public health issues
overlap with HIV infection. TB, for example, is a leading cause of death globally, and HIV/TB
coinfection is a considerable cause of morbidity and mortality. In the earliest days of the HIV
epidemic, death was typically due to AIDS-related complications. Now that treatment advances have
reduced the risk of HIV-related complications, increasing attention is also being paid to viral coin-
fections such as hepatitis B and C. This section very briefly highlights the important comorbid issues
that are of concern in relation to HIV epidemic control and individual patient care.

TB/HIV Coinfection

TB remains a major global health problem. One-third of the world’s population has latent TB
infection, and the average lifetime risk of developing TB in those individuals is 5–10%, although the
risk is much higher when certain predisposing factors such as malnutrition, or HIV infection are
present [98]. TB accelerates replication of HIV, and HIV accelerates the progression of TB. The risk
of developing TB is estimated by WHO to be between 12 and 20 times greater in people living with
HIV than among those without HIV infection, and 320,000 people died from HIV-associated TB in
2012 [99]. Although that number represented a decrease in deaths compared to 2004, substantial work
remains to be done. In people with latent TB infection, HIV is the most important risk factor for
progression to active TB disease. Effective responses to either one of the epidemics of TB or HIV
require that they each address the other burden. According to WHO guidelines, TB is a criterion for
the initiation of ART regardless of CD4 cell count, but only 55% of HIV-infected TB patients were
receiving ART in 2013 [99]. A particular medical challenge in the management of coinfection with
HIV and TB is that over half of the approved antiretroviral drugs interact adversely with the TB drug
rifampin, precluding their concomitant use.

It is recommended to screen all people living with HIV for TB infection and vice versa in areas
with high burden of TB. Strategies to improve the control of HIV/TB co-epidemics include: early
diagnosis and treatment of HIV infection, treatment of latent TB infection with isoniazid preventive
therapy, early diagnosis and treatment of active TB, improvement in diagnostics for TB detection,
colocation and joint planning of TB and HIV services.

Hepatitis B

Chronic hepatitis B virus (HBV) coinfection occurs in 5–10% of those with HIV, and progression of
HBV is more aggressive in those with HBV/HIV coinfection than in those with HBV alone—HIV

18 HIV—Medical Perspective 427



increases the risk of cirrhosis and end-stage liver disease in HBV [100–102]. Several antiretroviral
drugs (FTC, 3TC and tenofovir) that are used to treat HIV infection also have activity against HBV,
and caution must be observed if these drugs are discontinued, as flares in HBV can occur. HBV
treatment is recommended for all HIV coinfected patients in whom any HBV replication is present.
HBV vaccine is recommended for people with HIV infection who are not coinfected and have close
contact with HBV-infected people.

Hepatitis C

All HIV-infected individuals should be screened for hepatitis C virus (HCV) infection as 5–15% of
people with HIV also have HCV infection. HIV infection enhances replication of HCV, and the rate
of progression to cirrhosis in HIV/HCV coinfected patients is estimated to be three times higher than
that in HCV-infected patients alone [20]. Although ART slows the rate of HCV progression in
coinfected patients, the rate is still greater than those with HCV alone. For many years, the mainstay
of HCV treatment was a combination of peginterferon and ribavirin for 24–48 weeks. This treatment
regimen has a number of troublesome side effects, results in a “cure” for between 45 and 70% of
mono-infected patients, and has reduced long-term efficacy in HIV/HCV coinfected patients.
Recently, successes of so-called direct-acting agents that directly affect HCV are revolutionizing
HCV treatment and cure. A study presented at the 2014 International AIDS Society conference found
a 94% HCV cure rate for people with HIV and HCV genotype 1 infection using a combination of
ribavirin and directly acting agents, and other studies show similarly high rates of cure of HCV with
newer agents, depending on viral and patient characteristics [103, 104]. These advances show
tremendous promise for both HCV mono-infection and for those with HIV/HCV coinfection, and
clinical guidelines are likely to evolve rapidly in the next few years.

Anemia

The prevalence of anemia is higher in people living with HIV infection than in the general population.
Risks for HIV-associated anemia are multifactorial, including a direct effect of HIV infection, and
drug side effects—of antivirals, antifungals and antineoplastic agents, nutritional deficiencies, blood
loss, among others [105]. HIV infection can also magnify the major causes of anemia in the
developing world, including iron insufficiency and parasitosis. Although causal relationship has not
been established, anemia has been associated with decreased survival and increased disease pro-
gression in those with HIV infection [106, 107]. Furthermore, fatigue—a common symptom of
anemia—is associated with decreased physical function and impaired quality of life [108]. Special
attention must be paid to addressing this comorbidity and its impact.

Food Insecurity and Undernutrition

Food insecurity and HIV infection overlap geographically and have negative additive effects that are
bidirectional [109, 110]. In addition to impacting HIV through nutritional pathways (which are
discussed in detail in Chap. 20, food insecurity impacts mental health and behavior, contributing to
negative outcomes for those with HIV infection, and increasing vulnerability to HIV infection among
those that are not yet infected [109].
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Schistosomiasis

Schistosomiasis, also known as bilharzia, is an important but neglected tropical disease that has a
large public health impact, particularly because it is highly prevalent in individuals of reproductive
age in some regions of the world, mostly in sub-Saharan Africa. Evidence suggests that schistosome
infection leads to increased susceptibility to HIV-1 infection, more rapid progression of HIV disease
and increased transmission of HIV infection. This effect appears to be most important for
Schistosoma haematobium infection [111, 112]. The importance of this coinfection has not been
sufficiently emphasized to date, but must be addressed.

Women and Children

HIV infection is a leading cause of death of women of reproductive age worldwide and is an
important contributor to infant mortality. Transmission of HIV from mother to child occurs in utero,
peripartum and postpartum during breastfeeding. Reducing the transmission of HIV from mother to
infant has been an important part of the response to the HIV epidemic, with successes beginning in
the mid-1990s when research demonstrated that maternal AZT treatment could reduce transmission to
infants. Over the subsequent 20 years, advances in research have demonstrated that antiretroviral
drugs taken before, during and post-partum can further reduce transmission. Prevention of
mother-to-child transmission of HIV (PMTCT) programs have reduced transmission to less than 5%
globally for women that are diagnosed with HIV infection and engaged in care. With early inter-
vention and high-quality care, transmission can be even lower—less than 2% [113–115]. Without any
intervention, the incidence of mother-to-child transmission is up to 45% [116].

Breastfeeding continues to be an important contributor to HIV transmission to infants. In the USA,
replacement feeding is recommended for infants born to HIV-infected mothers. Because of its ben-
efits in protection against diarrheal disease and respiratory illness, its importance in nutrition and
overall health of the child, avoidance of breastfeeding is not recommended unless it is safe and
affordable to do so, and it is therefore not recommended in many resource-limited settings. The
benefits of breastfeeding must be weighed against the risk of transmission of HIV to the infant on the
one hand, and the risk of morbidity and death of the infant from unsafe feeding practices on the other.
Studies of the use of maternal ART during breastfeeding have demonstrated rates of transmission of
HIV to the infant between 1 and 5% [113, 115, 117, 118]. WHO currently recommends that pregnant
women with HIV infection are started on ART regardless of their CD4 count and that maternal ART
continues at least throughout the period of breastfeeding, to reduce transmission to the child. ART is
also recommended for the infant for the first six weeks of life [70, 113, 114]. WHO guidelines then
offer the option of either continued ART indefinitely for the mother regardless of her CD4 count (also
known as option B+), or stopping ART after the period of breastfeeding if the mother’s CD4 count
was greater than 500 at the time of initiation (also known as Option B) [81]. Detailed review of
PMTCT antiviral protocols is beyond the scope of this chapter, and the reader is referred to the most
recently available guidelines to review when and what ART to start, and how long prophylactic ART
should continue for the mother and child [79].

Globally, PMTCT strategy involves prevention of HIV infection in women of reproductive age,
prevention of undesired pregnancy in women with HIV infection, prevention of mother-to-child
transmission of the virus, and provision of ongoing care and treatment to women, their children and
their families. Ensuring that women and infants are properly cared for to allow for zero transmission
of HIV by definition requires ensuring that women’s health is valued, that maternal health services are
available to all and that HIV treatment and prevention is integrated with antenatal care services.

18 HIV—Medical Perspective 429



Despite the many advances, in 2013, only 54% of pregnant women had an HIV test, only 70% of
those that were tested received appropriate treatment for PMTCT [29].

Most young children infected with HIV acquire the virus during pregnancy, childbirth or
breastfeeding. Global improvements in PMTCT programs and access to HIV treatment have reduced
the number of children newly infected with HIV: From 2002 to 2013, there was a 58% reduction [29].
But infection in children remains an important public health problem, in part because of insufficient
investments in diagnostic tools and in treatment formulations for children, and in a lack of sufficient
social and economic support for those that are either infected or otherwise affected by HIV. In 2013,
3.2 million children were estimated to be living with HIV [29]. The mortality rate of these children is
extremely high during the two first years of life, so it is critical to rapidly diagnose HIV infection and
to begin ART in infants (as well as in their caregivers). Children infected with HIV also have special
requirements in terms of psychosocial support, not only as it relates to disclosure of their own
infection, but also related to the family and life events that they may have experienced, to stigma and
loss, as well as the need to address adherence to ART in a way that ensures that they remain healthy.
In addition to those infected by HIV, millions of children are indirectly affected by the HIV epidemic.
As well as their own pain and suffering, the societal impact of this issue cannot be underestimated.

Conclusion

In 2015, there is cause for optimism as it relates to HIV. Hope exists for the end of deaths due to
AIDS, and much progress has been made: Science has been advancing rapidly, many people living
with HIV are living decades longer, lives are being saved, and infections are being averted. But nearly
half of the people living with HIV infection do not know it, and too few people have access to
lifesaving medical care, including ART. Progress in some particular populations has also been very
slow—often reflecting societies’ preexisting inequities. To ensure that progress continues and
expands, a funded, coordinated, integrated HIV approach is critical. Addressing social disparities and
structural barriers to care will be essential in the next phase of the response. In the words of UNAIDS
Executive Director, Michel Sidibé:

Ensuring that no one is left behind means closing the gap between people who can get services and people who
can’t, the people who are protected and the people who are punished… Working together, ending the AIDS
epidemic is possible, and it will take leaving no one behind [29].

Discussion Points

• What social factors were important in contributing to access to treatment and care for people living
with HIV infection in the first two decades of the HIV epidemic?

• Why were there different guidelines for HIV treatment and care in resource-rich countries com-
pared to resource-poor countries? Is this appropriate?

• What barriers exist to creating an “AIDS-free generation,” and how might they be overcome?
• Why does stigma exist around HIV, and how can it be reduced?
• What are “structural” barriers to health care and what social and economic issues are relevant in

diagnosing and treating HIV infection?
• How might you design a study to evaluate the effectiveness of post-exposure prophylaxis for HIV?

Is such a study ethical?
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• Mortality among children with HIV infection is very high in the first two years of life. Why? What
strategies could help to reduce this mortality?
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Chapter 19
Tuberculosis Infection and Nutrition

Anupama Paranandi and Christine Wanke

Keywords Tuberculosis � HIV and tuberculosis co-infection � Malnutrition � Food security �
Macronutrient deficiency � Micronutrient deficiency � Macronutrient intervention � Micronutrient
intervention

Learning Objectives

• Explore the relationship between food security, weight loss, wasting and active tuberculosis
(TB) in resource limited settings.

• Evaluate the role of macronutrient and micronutrient deficiencies in the risk of developing active
TB and their role in TB disease outcomes.

• Explain the nutritional requirements of vulnerable populations suffering from active TB.
• Summarize the nutrition deficiencies and nutrition supplementation recommended for those with

HIV and TB co-infection.
• Emphasize the impact of TB and HIV treatment on nutritional status in those suffering from

disease in resource limited settings.

Introduction

Tuberculosis (TB) is a globally prevalent disease that affected 8.6 million individuals and killed 1.3
million people in 2012 [1]. HIV and TB are the two most common infectious diseases that cause
death; over 95% of deaths related to TB occur in low- and middle-income countries [1]. While
sub-Saharan Africa harbors the greatest proportion of TB cases, likely as a result of concurrent HIV
disease, Asia, and India in particular, has the greatest absolute number of new cases [1].

TB is caused by the bacteria Mycobacterium tuberculosis and is spread via respiratory droplets.
The clinical manifestations of TB can be varied, but primary infection involves the lungs and is most
commonly called pulmonary TB. TB is transmitted from person-to-person through inhalation of
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droplets introduced into the air by infected individuals. Once an individual is exposed to the
organism, a number of outcomes are possible. Ninety percent of individuals with intact immune
systems will control the disease, whereas 10% will develop a primary pulmonary disease. The 90% of
individuals that control the disease enter into a quiescent phase termed latent tuberculosis infection
(LTBI), and are asymptomatic. The disease may then remain latent throughout life or may become
reactivated in certain conditions, for example, when the immune system is compromised. TB treat-
ment involves multidrug therapy for 6 months or longer, with duration of treatment dependent on the
form of active TB. If treated adequately, the mortality from TB falls to 5% globally [2].

There is greater TB morbidity and mortality in the resource limited setting, as compared to
resource sufficient countries; these differences can be attributed to a multitude of reasons. Poverty,
overcrowding, poor access and development in healthcare, and social stigma represent powerful
barriers to efforts to treat TB. An additional factor strongly influencing the outcome of TB is
malnutrition. This chapter complements Chap. 17 on TB by Oren and McDermid and reviews the
relationship between nutrition and TB, before and after the introduction of anti-tuberculosis therapy
(ATT), and the role of food assistance, including nutritional interventions.

History of Nutrition in TB

The most common symptoms of pulmonary TB include fevers, night sweats, weight loss, cough,
hemoptysis, and swollen lymph nodes. The weight loss, specifically lean muscle mass, is striking
enough that TB was known as consumption in the pre-treatment era, and the resulting malnutrition
was severe enough to be linked with high rates of morbidity and mortality [3]. Before ATT, a
10–40% mortality rate was common as treatment was largely symptomatic. While there was
recognition of TB as a wasting disease as far back as 81 AD, much of our understanding of the impact
of endemic TB comes from the sixteenth to eighteenth centuries. The clinical picture of TB has long
been termed phthisis or wasting [4]. Others have used the term “consumption” for the cachexia which
develops with untreated TB [3].

Prior to the advent of effective ATT, persons of economic means who were infected with TB
would be admitted to a sanitorium in the Swiss Alps for treatment with fresh, clean air, rest and a
healthy diet, high in protein and dairy products [5–7]. Cod liver oil, which is rich in omega three fatty
acids and vitamins A and D, was widely used in these sanitoria [8–10]. Ultimately the use of cod liver
oil spread to France and Germany [9, 11]. A clinical trial using untreated historical controls as a
comparator found that cod liver oil was able to decrease mortality from 71 to 10% with one year of
follow-up [12]. Another study documented an 8 year rather than a 2 year survival for adults with TB
when treated with cod liver oil [13]. Whether cod liver oil’s benefit is related to the high concentration
of vitamins A and D, or its ability to decrease inflammation, or some other mechanism is not clear.
Patients were also recognized to gain weight with the use of cod liver oil. Cod liver oil was widely
used throughout the second half of the nineteenth century to the 1920s–1940s when the first ATT
began to be used [14]. Another diet that was widely used in TB patients was composed of eggs and
milk, both good sources of protein. This diet was recommended from 81 AD to the 1950s [15, 16].

The morbidity and mortality associated with untreated TB was frightening enough that TB cap-
tured the imagination of composers: Puccini (La Boheme), (La Traviata), playwrights, Chekhov who
died of TB), poets, Elizabeth Barrett Browning (Keats (who died of TB), novelists: (Thomas Man
(The Magic Mountain), Victor Hugo (Les Miserables) and even in present day, with effective ATT
film-makers: Luhrmann (Moulin Rouge, Vittorio de Sica A Bief Vacation; among many others). In
any of these media, the hero or heroine succumbs to the wasting induced by TB. Fortunately, at
present there is effective ATT, and like ART, is able to reduce morbidity and mortality related to these
infections. Unlike HIV and ART, ATT is able to cure TB. With effective ATT available since the
1940–50s, there has been little nutrition research done since that time [17].
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Malnutrition and Risk of TB

Malnutrition is associated with an increased risk of TB disease, likely through its impact on immune
function. The risk of developing TB is 37.5 times higher in those with malnutrition than in those with
normal nutritional status [18]. Risk for TB is related to body mass index (BMI). A 13.8% reduction in
the incidence of TB is observed per unit increase in BMI, within the normal-overweight BMI range of
18.5–30 kg/m2 [19]. A decrease in incidence of smear positive and smear negative TB can be
expected with increasing BMI in all age groups [20]. Infected individuals with BMI, average skin fold
thickness, or upper arm muscle area in the lowest decile of these measures in a population, when
compared to those in the highest decile, had an increased risk of TB by 6–10-fold [18, 19].

Malnutrition and Outcomes of TB

Malnutrition not only increases the risk for the development of active TB, but can affect outcomes of
TB disease, including death. Moderate to severe malnutrition, defined as BMI less than 17 kg/m2,
resulted in twice the risk of early death compared to those with higher BMIs [21]. Malnutrition can
also affect severity of disease. BMI and phase angle, calculated from bioelectric impedance analysis, a
good predictor and estimator of body fat, were inversely associated with severity of tubercular lung
disease as determined by chest X-ray findings [22]. Phase angle is a means of assessing biologic
tissue electrical activity and helps gauge cell membrane integrity. The reliability of phase angle is
unclear as it is calculated from resistance and reactance of the BIA and their may be multiple factors
that influence that calculation. The higher the phase angle is, the healthier the cells, tissues, and
ultimately the organism are [23]. Phase angle is an independent predictor of mortality in certain
disease states, such as HIV infection [23]. In animal studies, malnutrition was associated with higher
bacterial burdens and earlier death from infection [24]. Malnutrition also increases the risk of relapse
in treated tubercular disease. Weight less than or equal to 90% of ideal body weight, a BMI less than
18.5 kg/m2 at the time of diagnosis, or increasing weight by less than 5% by the end of the initial part
of treatment (first 2 months), has been shown to be associated with a 2.4-fold increase in relapse [25].
Additionally, those with a weight gain less than or equal to 5% at the end of treatment, usually
6 months, had twice the chance of treatment failure or TB relapse [26]. BMI as a surrogate of
nutritional status is strongly predictive of the onset and outcome of TB, but dietary quality is also of
importance in looking at outcomes of TB disease.

Food Insecurity and TB

The impact of food insecurity in the cycle of malnutrition and TB is profound and parallels the
pathways of food insecurity and HIV. Food insecurity, i.e., inadequate access to the right quantity and
quality of food, often caused by poverty, can lead to malnutrition, putting one at increased risk of
contracting TB and increased risk of developing active TB (see above). Also, active TB requires
increased caloric intake to meet the increased energy demands of active disease [27]. Difficulty in
meeting these caloric demands increases weight loss and further malnutrition, which then leads to
worsened disease outcomes [27].

Further, TB can affect entire families and worsen food insecurity especially if the person with
active TB is also the primary income generator for the family, who is now unable to work due to
illness [27]. This can increase the risk of developing TB among family members. Further com-
pounding the issue are the increased expenses while undergoing, often free of charge, TB treatment
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(i.e. associated health care and medical costs as well as opportunity costs for transport and lost
income), leading to the possible diversion of household resources food to disease treatment [27, 28].
Food insecurity is a detriment to maintain nutrition and health and feeds the vicious cycle of mal-
nutrition and TB disease.

Micronutrients and Risk of TB

Increased dietary diversity, as an indicator of dietary quality, particularly greater intake of fruits and
vegetables, was associated with a decreased risk of TB [29]. Those with consistently low vitamin C
levels were more likely to develop active TB than those with adequate levels [29]. Similarly, vitamin
A deficiency has been associated with a higher risk of TB [30–32]. Although not extensively studied,
vitamin E deficiency has been found in patients with TB as compared to those without disease [30,
33, 34]. A current topic of interest is vitamin D (one of the components of cod liver oil discussed
above). Vitamin D is related to immune function, particularly in macrophages, which help contain TB
in its latent, quiescent state [18]. Studies suggest that vitamin D deficiency can predispose an indi-
vidual to active TB [18]. Deficiencies of zinc, selenium, and iron are more frequent in those with TB
infection [35, 36]. These micronutrient deficiencies may have a significant impact on immune
function.

Macronutrients and Risk of TB

Protein energy malnutrition (PEM) also affects cell-mediated immunity, and permits the progression
of tubercular disease [29]. In animal models, PEM has been found to reduce the inflammatory
cytokines that are necessary for the host to control TB. These include IL-2, interferon gamma, and
tumor necrosis factor—alpha [24, 37]. There is speculation that PEM can also affect the accuracy of
TB skin testing, which may result in false negative results and delay appropriate infection control and
treatment [38].

TB and Cachexia

Active TB results in cachexia through several pathways, hence the term “consumption” used to
describe TB in the past [29, 39]. Active TB can induce a catabolic or hypermetabolic state, cause
nutrient malabsorption and a reduction in appetite. Studies have found that patients with tuberculosis
utilized protein for energy production rather than for endogenous protein synthesis, more so than
non-infected malnourished or normally nourished subjects [39, 40]. Added to that is the increased
energy requirements in pro-inflammatory states due to increased production of cytokines with
lipolytic and proteolytic components [39, 40]. Furthermore, dysregulation of enzymes that control
appetite induce anorexia and further worsen cachexia. Inflammatory cytokines can increase leptin
levels and promote weight loss [41]. Peptide YY and resistin, two of the hormones that decrease
appetite were found to be up-regulated in TB infection [42]. Peptide YY was found to be the strongest
independent predictor of appetite in cases of tuberculosis [42]. Once treatment was instituted the
dysregulated hormone levels slowly normalized to control levels over the 6-month treatment period
[42]. ATT, in general, helps reverse many of the processes promoting cachexia and helps in regaining
weight lost due to disease.
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However, access to treatment and outcome of treatment is not the same among different
socio-economic groups and across high, middle or low-income settings. Among the poor in
low-resource settings, there is a greater incidence of delayed diagnosis, delayed initiation of treat-
ment, suboptimal adherence and failure to complete treatment [28]. Furthermore, due to high
prevalence of food insecurity and malnutrition in low-resource settings, just treating the infection may
not be enough to recover nutritional status and health. The emergence of multiple and extremely drug
resistant tuberculosis (MRD and XDR) has also revived the interest in nutritional interventions [43].
The impact of nutritional interventions provided in addition to ATT, especially in low-resource
settings is reviewed below.

Macronutrient Interventions and TB

To be clear, the truly effective treatment for tuberculosis is antibiotic combination treatment. In fact,
without treatment the overall mortality rate can be 50% [2]. However, because malnutrition can have
detrimental effects on the progression and outcome of TB, the general recommendation by the WHO
and UNAIDS is to improve nutrition as an adjunct to treatment [44, 45]. Providing food assistance in
the form of nutritious foods for the TB patient and food or income support for the patient and affected
household may not only contribute to reversing malnutrition, but can also encourage infected indi-
viduals to remain in care, thereby helping them complete treatment and achieve cure and also protect
food security and nutrition of other household members [45, 46].

However, only a few studies objectively assessed the impact of nutritional supplementation on TB
disease and treatment related outcomes including retention in care, and showed mixed results. The
equivocal benefits of nutritional supplementation found in these studies may be a reflection of study
design, variability in populations or treatment, or lack of power to detect a meaningful difference for
primary or secondary outcomes rather than a true measure of the intervention itself.

A series of randomized controlled trials done in low- and middle-income countries among adults
considered underweight or with low-normal BMIs used a variation of nutritional supplements
(cooked meal or high energy supplements with balanced quantities of protein, fat and carbohydrates)
with or without nutritional advice, compared to control groups of similar adults being given no
intervention and only nutritional advice [2]. The outcomes assessed, which were different trial to trial,
were varied and included death, treatment completion, sputum clearance, weight gain, grip strength
and quality of life [2]. In terms of death and cure, there was no significant benefit in any of the
treatment groups; however the studies were underpowered to effectively demonstrate this [2].
Statistically significant rates of treatment completion and sputum conversion were seen [2].
Additionally, the results also showed increases in weight gain and grip strength, at least within the
treatment period [2].

The use of nutritional supplementation in resource limited settings in those who are food insecure
to ensure treatment completion is a practical consideration, especially as treatment completion ben-
eficially impacts outcome. Few have rigorously researched the enabling role of food assistance on TB
treatment completion. One randomized controlled trial done in Timor-Leste among poor, mostly
underweight (80% of study population) men undergoing treatment for newly diagnosed TB, used one
nutritionally balanced meal daily and then food packages later in the course of treatment versus
nutritional advice alone in the control group, and assessed treatment completion (including cure) in
these men [47]. The study found no significant difference in the treatment completion rate among
those who were given nutritional supplementation compared to those who only received nutritional
advice, which the authors state may be related to the fact that the families were not so much affected
by food insecurity [47].
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In general, the randomized controlled studies of macronutrient interventions as adjunct to TB
treatment have had small sample sizes or flawed study designs and have been unable to demonstrate a
consistent benefit on mortality, cure, successful completion of treatment, or clearance of mycobacteria
from the sputum [2]. However, there has been some suggestion that there is improvement in weight
gain and quality of life with nutrition supplements [2].

However, taking a broader perspective, a recent review that documented substantial costs to the
household of TB, distinguished two ways to reduce treatment costs for the patient, either by reducing
the direct and indirect costs of seeking a diagnosis and obtaining treatment and/or providing an
income transfers to offset some of the incurred costs [28]. In fact, a recent review of studies that
provided food assistance in the form of food (e.g. macronutrient supplementation) or as cash or
vouchers to people on ART or TB treatment, reported that eight of the ten studies found that the food
assistance enabled adherence and/or completion of TB treatment or ART [46]. This indicates that
food provision is not only a biological, but also a behavioral intervention, and underscores that
unresolved food insecurity can be an impediment to treatment adherence and consequently to good
treatment outcomes.

Micronutrient Interventions in TB

Multiple studies have been conducted to elucidate the role and possible benefit of micronutrient
supplementation in TB management. Randomized-control trials (RCT), using one, two or
multi-micronutrient supplementation in as much as 10 times the recommended dietary intake, showed
no evidence of a benefit on TB mortality in HIV negative patients [2]. Various studies have assessed a
variety of micronutrient interventions with weight gain as the outcome [48]. However, the general
consensus is that micronutrients alone are unlikely to have an impact on weight gain while on TB
treatment [2].

Micronutrient supplementation has shown inconsistent effects on sputum clearance [2]. A dual
vitamin supplementation of vitamin A plus zinc was studied and in the short term a greater number of
patients in the micronutrient group cleared their sputum as compared to the placebo group [35]. Those
patients receiving micronutrient intervention showed a greater decrease in the pulmonary lesion size
on chest X-ray, and reported increased general well-being [35]. A caveat to these observations is that,
in general, vitamin A levels have been found to increase in the plasma of TB-infected patients on
treatment independent of supplementation [2]. While this does not provide a clear answer about the
role of vitamin A and its supplementation in TB, the benefits of treatment with cod liver oil before the
introduction of ATT (see section on history of nutrition in TB above) may have in-part been related to
its vitamin A content. Zinc levels are decreased in TB disease, and the supplementation with zinc in
this study may have contributed to the benefits seen [35].

Molecular and cellular studies of vitamin D have shown that vitamin D can improve the ability of
macrophages to kill TB [29, 49], and vitamin D deficiency has been associated with greater sus-
ceptibility to TB [43]. While this would also explain part of the impact observed of treatment with cod
liver oil (rich in vitamins A and D and essential fatty acids), the clinical benefits of adding Vitamin D
to ATT are not yet clear. In a randomized placebo controlled trial, adult patients with TB starting
anti-TB treatment were either given placebo or 100,000 IU vitamin D at inclusion, 5 and 8 months
after the start of treatment [50]. No significant difference was observed in the clinical severity of
disease, nor 12-month mortality between the two groups [50].

Human and M. tuberculosis (MTB) iron metabolism, especially in terms of the onset and
mechanism, is incompletely understood. In general, MTB requires iron for many of its enzymatic
functions, and flourishes in iron rich environments in experimental models. Furthermore, studies have
shown a strong correlation between dietary iron overload and increased risk of developing active TB
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and mortality from tuberculosis [51]. On the flip side, those afflicted with disease are generally found
to have anemia, a state of low hemoglobin. Anemia may result from a number of etiologies, especially
due to chronic disease, underlying iron deficiency from baseline malnutrition, the use of host iron
stores by the pathogen, or from the body’s iron sequestration as a defense against the pathogen [52].
Anemia has been found to be a risk factor for the increased mortality seen in pulmonary TB [53].
Much is still unknown about the sequence and mechanism of iron metabolism and exchange between
host and pathogen. Hence, the exact causal relationship between iron stores, disease and mortality has
not been established. There are no strong and specific guidelines addressing iron supplementation in
terms of TB management.

Not enough data is available in support of any one micronutrient over another in terms of their
impact on tuberculosis cure. As a result, the WHO, recognizing micronutrient deficiencies as an
indication of overall mal- and under-nutrition, suggest improving overall nutritional status and
supplementing micronutrients at the daily recommended nutrient intake level as a potential means to
improve disease outcomes [44].

TB Treatment and Nutrition

TB treatment helps normalize nutritional status in those afflicted with disease as noted by an increase
in weight throughout and after completing treatment. Much of it has to do with reversing the
increased metabolic demands of the disease, as well as improving nutrient absorption and appetite.
Weight gain is particularly evident as an increase in fat mass rather than lean muscle mass, though in
men, lean mass is regained at faster rate than in women [54]. Treatment also improves levels of
micronutrients and trace elements [36], although it is difficult to determine how much of the
improvement seen in intervention groups could be attributed to the treatment alone, as opposed to
treatment plus improved nutrient intake and absorption. Further confounding the picture, acute
changes in several trace elements can be seen during active disease independent of nutritional status.
Some examples are decreases in zinc and increases in copper [41]. In some resource limited settings,
BMI can be slow to return to normal levels which may be related to poor nutritional intake of those
affected by the disease [55]. Important to note is that treatment, while improving weight gain, may not
necessarily restore lean muscle [56]. Restoration of lean body mass may take longer than 1 year,
especially in those with poor nutritional intake [57] and may also require appropriate physical activity
to stimulate growth of muscle tissue.

Vulnerable Populations

Children, Nutrition and TB

TB in children (infants to early adolescence) is much the same as in adults. However, one large
difference is that the immune system in young children is immature, with incomplete immune
function. It is well known that newborns rely extensively on the innate immune system and maternal
antibodies [58]. With the added stress of malnutrition, the impact on immune function is more
profound. For example, studies have shown that deficiencies in protein or micronutrients such as
vitamin A, D, E, selenium, iron, and zinc may reduce the development and function of the immune
system [58]. This may place malnourished children, at any age, at heightened risk of development of
TB. It has been suggested that the lower amount of body fat in children contributes to the higher risk
of developing active TB [29].
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Nutrition is important for any child with acute illness in order to meet the increased metabolic
demands of disease. However, few studies have assessed the impact of specific nutritional supple-
ments in children with TB. One randomized trial conducted in Tanzania looked at daily micronutrient
supplementation versus placebo on TB outcomes in 255 children aged 6 weeks to 5 years of age [59].
There was no significant effect of multivitamin supplementation on weight gain in the short term [59].
However, supplementation resulted in significant improvements of hemoglobin levels in all age
groups [59]. Whether the increased weight or hemoglobin has a clinical impact on mortality, cure, or
sputum clearance, remains unknown. As for specific guidelines, the WHO guidelines for nutritional
care for patients with TB emphasizes adequate and appropriate nutrition to counter under- and
malnutrition in children in general, but given the inconclusive evidence does not recommend any
additional nutritional supplementation for children suffering from TB [44]. Adolescents with TB pose
additional challenges as rate of weight change and growth need to be monitored carefully. How to
position these vulnerable adolescents to provide the maximum opportunity to avoid infection with TB
or to be successfully treated for TB is not clear.

Pregnancy, Nutrition and TB

Tuberculosis is one of the top 3 causes of death in women aged 15–45 years [60]. Pregnancy makes
women more vulnerable to both malnutrition and to tuberculosis. Additionally, pregnant women
infected with TB may have a 20% increase in morbidity, such as disorders of hypertension or
pre-eclampsia, when compared to pregnant women not infected with TB. Tuberculosis can also result
in obstetrical complications including spontaneous abortion, small-for-gestation age (SGA) fetus, and
decreased weight gain in pregnancy [60]. It is also associated with preterm labor, low birth weight
and increased neonatal mortality [60]. The average weight for newborn infants of mothers with TB
was significantly lower, at 2859 ± 78.5 g, than controls, 3099 ± 484 g, and these infants were more
likely to have a low birth weight, on average 2-fold greater likelihood of weighing less than 2500 g
[40]. These poor outcomes are related to the difficulty in achieving adequate weight gain [44]. In
general, a healthy woman should gain 10–14 kg during pregnancy to ensure a full-term, adequate
weight infant [44]. This same recommendation applies to pregnant women with TB [44]. TB treat-
ment is integral to having a safe pregnancy in women suffering from disease, and is also required to
enable weight gain, which may need to be further complemented by provision of nutritious foods.

Specific to micronutrients, requirements in any pregnancy can increase by 25–50% compared to
non-pregnant state [44]. In pregnant and lactating women with TB, micronutrient supplementation is
recommended per the United Nations Multiple Micronutrient Preparation (UNIMMAP), which
includes one RDA of Vitamin A, D, E, B1, B2, B6, B12, C, niacin, iron, zinc, copper, iodine and
selenium, and 400 micrograms of folic acid [44]. In those with low dietary calcium intake, calcium
supplementation at 1.5–2 g of elemental calcium/day, is recommended to prevent complications such
as pre-eclampsia [61].

In general, women on appropriate TB treatment for 2 weeks are considered non-contagious and
are encouraged to breast feed [60]. However, in resource limited settings breast feeding is recom-
mended from birth despite maternal TB status [60]. While under treatment, anti-TB medications are
excreted into breast milk, and detectable levels of anti-TB drugs have been found in infants who are
breastfeeding [60]. No toxicity has been reported in infants, which may be related to the small
concentrations of anti-TB drugs measured in breast milk [60]. Isoniazid, one of the TB drugs,
decreases pyridoxine levels (vitamin B6). Despite the low levels of drug in breast-feeding infants,
pyridoxine deficiency may occur and Vitamin B6 need to be supplemented to breastfeeding infants
whose mothers are being treated with isoniazid [60].
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Conclusion

Malnutrition is common in TB infected individuals and has been found to be associated with severe
adverse outcomes. The malnutrition that is seen with TB infections is complex and multifactorial.
Medical, socio-economic, cultural and psychological factors all play a role in the development of
nutritional compromise in TB infection and vulnerable populations such as children, adolescents,
pregnant women and the elderly, as well as the, typically food-insecure, poor in resource-limited
settings, are at particular risk. While it is clear that treatment of TB is absolutely critical to improving
outcomes, abnormal nutritional status persists despite treatment and continues to contribute to adverse
outcomes. In such situations, it becomes important to monitor weight and ensure adequate nutritional
intake, which may require provision of food assistance, in the form of nutritious foods and/or income
support. According to 2015 WHO guidelines, the goal of nutritional intake of micronutrients should
be at the level of one RNI. Balanced macronutrient intake should be such that it restores body weight.
In terms of providing supplementation above the WHO recommendations, with the evidence that is
currently available, no specific recommendation can be formulated.

Discussion Points

• Discuss the relationship between food insecurity, weight loss, wasting and active tuberculosis
(TB) in resource limited settings.

• Discuss the role of macronutrient and micronutrient deficiencies in the risk of developing active
TB and their role in TB disease outcomes.

• Discuss the impact of TB treatment on nutritional status in those suffering from disease in resource
limited settings.

• Discuss the nutritional requirements of vulnerable populations suffering from active TB.
• Discuss the role of food assistance as additional support to TB patients on treatment and their

dependents.
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Chapter 20
HIV and HIV/TB Co-infection in Relation
to Nutrition

Anupama Paranandi and Christine Wanke

Keywords HIV � Malnutrition � Food insecurity � Macronutrient deficiency � Micronutrient
deficiency � Macronutrient intervention � Micronutrient intervention

Learning Objectives

• Explore the relationship between socioeconomic factors, nutrition status, and HIV in the
resource-limited setting.

• Explain the etiology of weight loss in HIV disease and in HIV/TB co-infection.
• Evaluate the role of macro- and micronutrient deficiencies in HIV disease outcomes.
• Explain the nutritional requirements of vulnerable populations suffering from HIV.
• Evaluate the impact of anti-retroviral treatment on nutritional status in PLHIV, in both the

short-to-medium term and the long term.
• Understand the dual role of food assistance, distinguishing special nutritious foods and income

support, as support to HIV, or HIV and TB, care and treatment.

HIV and Nutrition

Introduction/Background

Many infectious diseases are associated with nutritional compromise. HIV is one of these infections
as are tuberculosis, measles, influenza, and diarrhea, among others. The unique characteristic of HIV
infection is that while effective treatment is now widely available, the use of effective therapy does
not and cannot cure the infection. As the infection is one that will be lifelong, the treatment must also
be lifelong. And as the HIV infection is associated with nutritional compromise, the treatment of HIV
is also complicated by nutritional issues. The HIV-infected individual or person living with
HIV/AIDS (PLWHA) will experience lifelong nutritional issues related to the chronic viral infection,
the treatment of the viral infection and by side effects of any opportunistic infections (OI) which
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might develop with immune compromise. Awareness of the full spectrum of possible nutritional
compromise and attention to the nutritional status and issues of PLWHA is of great importance.

Malnutrition of any sort is a significant public health concern, especially in the resource-limited
setting, and is the most common cause of immune deficiency globally [1]. Eight-hundred and
forty-two million people do not have enough to eat and 98% of those live in resource-limited settings
[2]. Many people living with HIV (PLWHA) suffer from, or are at risk of suffering from hunger,
undernutrition and malnutrition [3]. According to the World Health Organization (WHO), 35.3
million people were living with HIV worldwide in 2012 [4]. In those with HIV infection, the absolute
numbers of those with malnutrition are higher in Asia, but the highest prevalence of malnutrition in
the HIV-infected population is in sub-Saharan Africa [2]. Such numbers are daunting and bring to
light the magnitude of the problem seen with concurrent HIV and malnutrition.

In the resource-limited setting, heterosexual contact has been the most frequent route of HIV
transmission, and mother-to-child transmission has been common as well, although hopefully it will
decrease if recent WHO recommendations to treat all PLWHA are followed. HIV disease damages
the human immune system by methodically targeting and destroying T-lymphocytes. The clinical
presentation of HIV disease is diverse and depends on the stage and severity of disease. In acute
infection, i.e., within a few weeks of acquisition, HIV presents most typically as a flu-like illness,
commonly characterized by fever, chills, night sweats, rash, and swollen lymph nodes. After the
initial manifestation, HIV can progress without any specific or associated symptoms. Although slow,
progressive weight loss throughout the disease process is not uncommon and may be the only
manifestation of disease. Finally, as T-lymphocytes are depleted due to progressive disease, the
body’s immunity against common infections deteriorates. As a result, PLWHA tend to develop
infections that the normal human immune system can suppress. These infections tend to mark the late
stage of HIV disease, which is then termed acquired immune deficiency syndrome, or AIDS.

Diagnosis of HIV is made through the detection of HIV antibodies, which are evident after a few
weeks of infection. Prior to HIV antibody production, HIV disease can be detected through HIV viral
load testing, which is usually very high in the acute phase of infection. However, in infants less than
18 months of age, HIV detection through serology is not accurate as the infant would have maternally
acquired HIV antibodies. Instead, HIV DNA PCR (polymerase chain reaction) is the diagnostic test of
choice in this situation [5].

After diagnosis, HIV disease can progress through clinical and immunologic stages in those who
are untreated, as categorized by the WHO. These criteria have been developed for adults and ado-
lescents as well as for infants and children.

Advanced HIV or AIDS in adults and adolescents is characterized as adult clinical stage 3 or 4 or
any clinical stage and CD4 count less than 350 per mm3 of blood [6]. In children 5 years of age or
older, advanced HIV and AIDS is defined as pediatric stage 3 or 4 or any pediatric clinical stage with
CD4 count less than 350 per mm3 of blood [6]. In children less than 5 years of age, advanced HIV or
AIDS is defined by clinical stage 3 or 4 or any clinical stage and CD4 <25% in children under
12 months of age, or <20% in children aged 12–59 months [6].

Until the recent WHO recommendation to treat all PLWHA, treatment for HIV has been initiated
when an individual presents with stage 3 or 4 of disease, with active TB, severe chronic hepatitis B,
pregnancy or breastfeeding, or if the HIV+ individual is in a serodiscordant relationship or if the
individual has clinical stage 1 or 2 but the CD4 cell count is � 500 cells/mm3, whichever comes first
[7]. Treatment for HIV/AIDS is based on a combination of drugs and is termed combined
anti-retroviral treatment (ART). These medications help control viral replication and disease symp-
toms but do not cure the disease. Although current recommendations suggest treating all PLWHA,
practice varies from country to country. Successful treatment of the virus is indicated by rising CD4
counts and suppression of the viral load below detection.
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Mortality and Weight Loss and HIV

In the early days of the HIV epidemic, wasting was so common that HIV was known as “slim
disease.” Together, malnutrition and HIV infection promote worsened immune function and lead to
increased morbidity and mortality (Fig. 20.1).

The CDC definition of HIV wasting is defined as “loss of 10% of total body weight with lack of
other detectable cause except HIV” [8], “plus chronic diarrhea (at least two loose stools per day for
greater than or equal to 30 days) or chronic weakness and documented fever (for greater than or equal
to 30 days, intermittent, or constant) in the absence of a concurrent illness or condition other than
HIV infection that could explain the findings” [8]. HIV wasting is considered an AIDS-defining
illness by the CDC. Wasting in HIV infection increases the risk of death. A low body mass index
(BMI) is an independent prognostic indicator of mortality and morbidity in HIV-infected people [3].
A loss of 5% body weight can increase the risk of death by 2.5 times, particularly in those not on
treatment [8].

Etiology of Weight Loss in HIV

The causes of weight loss and malnutrition in HIV-infected individuals fall into two major categories
[9].

Etiology of Weight Loss in HIV

Decreased Intake

• Insufficient food
• Anorexia

Weight Loss / Nutritional 
Compromise Impaired Immune Function

Micro nutrient 
Deficiencies
Macro Nutrient 
Deficiencies

HIV Infection

Increased Metabolic 
Demands

Symptoms lead to 
decreased food intake

Increased Risk of 
Opportunistic 
Infections

TB

Morbidity & 
Mortality

Fig. 20.1 HIV, TB, and nutrition
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• Oral/dental lesions
• Gastrointestinal symptoms

– Nausea
– Bloating
– Cramping

• Depression
• Malabsorption/diarrhea

Altered Metabolism/REE

• HIV infection
• Fever
• Opportunistic infection
• Opportunistic malignancy
• Hormonal deficiency

– Testosterone
– Adrenal
– Thyroid

• Cytokine activation

There may be inadequate intake of nutrients and/or there may be inappropriate metabolism of
ingested nutrients [9]. Decreased dietary intake may be related simply to the lack of food available to
the HIV-infected individual. However, there are other barriers to nutrient intake that may be medical
or socioeconomic. HIV can cause symptoms related to dental, oral, or the upper gastrointestinal tract
that interfere with ingestion of nutrients (e.g., severe gingivitis, oral ulcers, anorexia, nausea, bloating,
pain with swallowing, and abdominal pain) [9]. But many of these symptoms can also be related to
side effects of ART or to OI [8]. Psychologically, individuals with HIV may suffer from depression,
which can be associated with loss of appetite and decreased nutrient intake, as can significant use of
drugs or alcohol. Weight loss in those with HIV may also occur as a result of damaged gut epithelium
associated with the virus itself and known as HIV enteropathy which can cause malabsorption of
ingested nutrients. Those with advanced HIV disease and low CD4 counts may also be co-infected
with intestinal parasites that can cause diarrhea and/or decrease intestinal nutrient absorption [8].
Intestinal bacterial overgrowth or opportunistic enteric infections, such as cryptosporidiosis or
mycobacterium avium complex, can also decrease nutrient absorption.

Additionally, replication of the virus itself creates an increased metabolic demand [10]. Fever, OI
and malignancies, and hormonal deficiencies (thyroid, adrenal, or gonadal) seen in HIV disease may
also increase metabolic demands. When the viral load is fully suppressed on ART, the HIV-infected
person who had previously lost weight will regain some weight, particularly if they have access to
sufficient food. However, PLWHA are unlikely to return to their premorbid weight. This phenomenon
may be due to ongoing cytokine production in the presence of chronic viral infection and may be
associated with altered metabolism and ongoing weight loss.
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Food Security in HIV

Of particular interest, currently, is the role of food security or insecurity in weight loss in
HIV-infected individuals.

HIV and Food Insecurity—Outcomes

Nutritional

• Decreased dietary quality
• Hunger
• Decreased dietary intake
• Decreased weight/BMI

Non-Nutritional

• Increased risk behaviors
• Decreased care seeking
• Decreased willingness to initiate ART
• Decreased ART adherence
• Decreased retention in care

Globally, much of the HIV-infected population is in the lower socioeconomic strata and tends to
experience significant food insecurity [11, 12]. Food insecurity is defined as the continual lack of
access to adequate quantity or quality of food [11]. Decreased dietary quality, as measured by dietary
diversity, has been associated with food insecurity and may result in increased mortality and further
immune suppression, particularly in those with CD4 counts lower than 350 cells/mL [13]. While food
insecurity may be a significant factor in HIV-associated weight loss and the development of mal-
nutrition, food insecurity may also be a factor in a number of other non-nutritional outcomes in
HIV-infected individuals (see above). Many with food insecurity are bound by socioeconomic
constraints and have to choose between nutrition and medicine, and/or between nutrition and health
care [14]. Those who are food insecure may be at greater risk of infection with HIV as they may need
to engage in risky behaviors to acquire food for themselves or their household members. Food
insecurity may lead to reluctance to enter care as the time required to attend to health care
appointments could distract from time needed to obtain food; similarly, food insecurity has been
associated with a reluctance to initiate ART and with lower levels of adherence or greater risk of
being lost to follow-up. Supportive of the importance of food insecurity, those with greater food
security have reported improved physical and mental health, and better quality of life [15].

Protein Energy Malnutrition in HIV

Whatever the series of events that leads an HIV-infected individual to decreased nutritional intake,
which may be predominantly decreased intake of high-quality protein, typically meats and other
animal-based foods, as one of the more expensive nutrients, the end result can be protein energy
malnutrition (PEM). PEM is also a cause of secondary immune deficiency [16]. PEM causes
decreases in immunoglobulin and cytokine production [1]. It is associated with defects in innate and
adaptive immunity and is characterized by the loss of lymphoid tissue, decreased T-cell immunity,
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including CD4 cells, impaired delayed hypersensitivity, and poor antibody responses to vaccinations
[8]. PEM can increase the risk of OI and hasten progression to AIDS [1, 15] by 60–170% [8].

Micronutrient Deficiencies in HIV

Micronutrient deficiencies are also common in HIV-infected individuals. Micronutrients are essential
factors in antioxidant pathways and are important in human immunity [1, 8]. Particular micronutrients
required for this process include zinc, selenium, carotenoids, vitamins A, E, and C, and possibly
glutathione and sulfur amino acids such as methionine, taurine, and cysteine [17]. Concurrent PEM
and micronutrient deficiencies as described above are present more frequently in the resource-limited
setting and may further promote the progression of HIV disease.

Cachexia in HIV

Cachexia is the predominant loss of lean body mass in those who are undergoing involuntary weight
loss. Cachexia appears to be driven by the production of TNF-a (tumor necrosis factor) and other
inflammatory cytokines. It is seen most commonly in malignancy but can also be seen in hormonal
deficiencies, chronic obstructive lung disease, and congestive heart failure. Cachexia is also seen in
HIV-infected individuals who have advanced disease and used to be more frequent in the early part of
the HIV epidemic. At that time, it was recognized that when true cachexia was present in HIV-infected
individuals, the metabolism was so disordered that no amount of oral or parenteral nutrition could
successfully improve weight and nutritional status. Fortunately, the number of PLWHA presenting
with such advanced metabolic derangements is much lower in the current treatment era.

Resting Energy Expenditure/Metabolic Abnormalities in HIV

Total daily energy expenditure (TDEE) is equivalent to resting energy expenditure (REE) plus
physical activity energy expenditure and digestive energy expenditure [16]. In the resource-sufficient
world, in chronic illness, REE increases but TDEE generally stays the same as physical activity
decreases [16]. Nutritional intake remains the same or increases, so weight is overall maintained [16].
This may not occur in the resource-limited setting. HIV-infected individuals in the resource-limited
setting may not have the ability to decrease their physical activity or increase nutritional intake when
they are ill. The WHO guidance on nutrient requirements for people living with HIV/AIDS [18]
utilized the following: REE in asymptomatic HIV-infected, ART naïve people trying to maintain
body weight and baseline activity is considered to be 10% greater than in those without HIV [16]
likely due to the metabolic demands of the virus. Those with asymptomatic AIDS were considered to
have REEs up to 25% higher than in non-HIV-infected people, and even higher in those with AIDS
with concomitant secondary infection [18, 19]. The precise energy requirements for HIV-infected
individuals on ART treatment are not clear; it is not known whether all treatment regimens and
classes of ART have the same impact on REE and whether the chronic suppression of viral load
results in a return to a fully normal REE is also not known. Furthermore, the impact of co-infection
with TB or with one of the chronic hepatitis viruses on REE is not clear. The REE of adolescents
infected with HIV, who are growing and going through puberty, or the changes that may occur in the
population aging with HIV, have not been studied.
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Nutritional Assessment in HIV

The precise assessment of nutritional status of HIV-infected individuals is important but complex and
difficult. Nutritional assessment of the individual infected with and living with HIV must be com-
prehensive and incorporate all of the factors that may be pertinent. Nutritional assessment should
include nutrient intake, a measure of dietary quality, a measure of food security, and of symptoms that
may interfere with nutrient ingestion or metabolism (pain with eating, nausea, vomiting, fever,
abdominal pain, bloating, and diarrhea). It should also include brief measures of depression and
measures of social and economic support. Availability of clean water for drinking and cooking should
be determined. The duration and stage of HIV infection should be determined, and all medications
including ART should be recorded. Any other medical issues should also be captured, and any
non-HIV medications including herbal or traditional medicines should be recorded. Pregnancy status
and breast-feeding status should be determined. Anthropometric measurements, such as height and
weight, should be obtained and the body mass index calculated (kg per m2). Body composition should
be evaluated using regional body shape measurements (circumferential measures of chest, waist, hip,
mid-upper arm, and mid-thigh) and skinfold thickness measurements (although these are difficult to
accurately measure) [20]. Some suggest that the measure of mid-arm circumference should be the
preferred screening methodology [20], although this measure has not yet been validated in adults. For
a complete assessment, laboratory data including measure of hemoglobin, CD4 count, liver function
testing and electrolytes and renal function should be obtained [20]. From these collected data,
individuals infected with HIV can be categorized as having normal nutrition status, being nutri-
tionally at risk, or having mild, moderate, or severe malnutrition, and thus be referred for appropriate
intervention. After appropriate intervention/treatment is initiated, weight and BMI can then be fol-
lowed to assess improvement in nutritional status. While weight gain and increase in BMI can be
considered a positive outcome of HIV treatment, particularly in HIV-related wasting, it cannot be
used as a marker of improved HIV disease, for which one should use increasing CD4 counts or
decreasing viral loads. The clinical dilemma in trying to carry out this type of nutrition assessment
and intervention in the resource-limited setting is one of time, training, and resources. It is time
consuming to obtain the historical data necessary and use the prescribed methods to collect infor-
mation on dietary intake, dietary diversity, and food security. Often the number of patients presenting
at an ART clinic and inadequately trained staff make it challenging to appropriately collect and
interpret the suggested nutritional data. And finally, there may be no standardized instruments to
measure height and weight, and it may not be possible to collect and analyze the requisite laboratory
measures. In the ideal setting, nutritional assessment in some form should occur with each clinic visit.

Macronutrient Interventions in HIV

Increasing caloric intake should increase lean muscle mass and fat mass and hence body weight [16],
yet this may not happen in the HIV-infected person. The intervention required to achieve the goal of
proportional gain of lean and fat mass is not known. Additionally, the proper indicators to use to
assess the success of a nutritional intervention in HIV-infected individuals or as a means to determine
the success of study interventions are not clear. On an individual level, simple weight gain is
insufficient as there is a need to associate weight gain with improvement in function or quality of life.
Changes in mortality, as an outcome, requires a large sample size and a prolonged period of
follow-up. Other outcomes such as slowing of HIV progression or decreased risk of OI are also
difficult to study. The most appropriate populations and the proper outcomes to study may be
complicated by funding or ethical issues and continue to remain a challenge.
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The optimal timing or methods of nutritional intervention is also unclear. The evidence generated
since the publication of the 2003 WHO guidance on HIV and nutrition is sufficiently scant, or the
studies too varied in terms of supplement composition, patient characteristics, or treatments to suggest
changes in the recommendations [21]. To summarize, the 2003 WHO guidance on nutritional support
in PLWHA stated that “adequate nutrition … best achieved through consumption of a balanced diet,
is vital for the health and survival of all individuals regardless of HIV status” [18]. It further
acknowledged that energy requirements are increased in asymptomatic HIV-infected adults and
children to maintain weight and growth, respectively, and that these requirements increased with the
progression of disease [18]. However, data were insufficient to support protein or fat supplementation
regardless of age or stage of disease [18]. Similarly, in terms of micronutrients, there was not enough
evidence to support supplementation beyond the recommended daily allowances [18, 22].

A Cochrane review [23], in which 14 studies encompassing 1725 HIV-infected, ART-naive adults,
that examined the impact of food supplements or no supplement/placebo found there was no difference
in the risk of death between the two groups [23]. There was no benefit of supplementation in any
clinical, anthropometric, or immunological outcome when compared with no supplementation [23].
However, the studies included in this review had small sample sizes, and the quality of these studies
was determined to be of very low-to-moderate quality, with unknown to increased risk of bias [23].
There are some data that suggest that macronutrient supplementation may result in higher CD4 counts
and lower viral loads, but these studies were also small, and not otherwise externally validated [24].

Micronutrient Interventions in HIV

As with macronutrients, no new evidence exists to suggest altering the WHO 2003 HIV/AIDS
nutrition recommendations related to the intake of micronutrients, which is the intake at recom-
mended dietary allowances (RDA) as in the general population [15, 21, 25]. HIV-infected adults and
children are encouraged to consume a healthy diet in order to obtain adequate dietary vitamin levels
[18]. However, for those of low socioeconomic status, this may not be feasible. It is important to note
that some evidence exists that higher than the recommended nutrient intake of certain micronutrients
such as vitamin A, zinc, and iron can result in adverse outcomes in the HIV-infected individual [18].
For example, excess Vitamin A may promote increased viral replication and increased genital
secretion of virus [25] with increased risk of HIV transmission, but this has not been replicated in
other studies. Furthermore, excess vitamin A can potentially worsen already existent lipid derange-
ments and pre-mature atherosclerosis in PLWHA [21]. Zinc was also found to have some importance
in HIV-infected populations in the resource-limited setting. While higher than the required daily
allowance of zinc may be harmful, zinc repletion at recommended daily amounts was associated with
a decreased risk of diarrhea; higher rates of diarrhea were associated with low serum zinc concen-
trations [24].

Since the 2003 WHO guidance, studies examining micronutrient supplementation have been
heterogeneous in terms of study design, micronutrients provided, dose of micronutrients, study
durations, and outcome [21, 22, 25]. There is some evidence that high-dose (multiples of RDA)
multi-micronutrient supplementation, specifically thiamine, riboflavin, vitamin B6, vitamin B12,
vitamin C, niacin, folic acid, and vitamin E, improved CD4 cell counts, showing HIV progression and
increased survival [26]. However, it is not known whether deficiencies of these micronutrients were
present at baseline in the HIV-infected, ART-naive subjects in this study. It is not clear whether these
PLWHA in resource-limited settings benefitted from meeting the RDA, which is not generally
possible with their daily diet, or whether multiples of RDA were necessary and responsible for the
benefits seen. Given the limited and wide variability of data available on micronutrient
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supplementation of PLWHA, the WHO continues to recommend micronutrient intake at the rec-
ommended daily allowance either through a healthy diet or if that is inadequate, through additional
supplementation.

Nutrition and ART in HIV

Effective combined anti-retroviral therapy (ART) is associated with improved nutritional status in
HIV infection. In general, the initiation of ART promotes weight gain in HIV-infected individuals.
However, the effects between individual ART components and nutrient metabolism can be varied.
Nutrients can alter the metabolism of selected drugs in ART, or ART can affect the metabolism of
nutrients [25]. Metabolic pathways can be altered to increase or decrease serum levels of ART [25]. In
terms of macronutrients, low protein or fat intake decreases metabolism [25] and may lead to higher
serum concentrations of drugs. Excess intake of protein and fats may increase metabolism [25] and
results in decreased serum drug concentrations. Conversely, an excess of carbohydrates may also
result in decreased drug metabolism [25].

Certain micronutrients can also be associated with alterations in drug metabolism. For example,
vitamin C deficiency can lead to a decrease of some hepatic enzymes vital to drug metabolism [25]. In
some instances, increasing supplementation can decrease steady-state drug levels in serum [25].
Vitamin D may impact metabolism by altering gene expression and production of enzymes involved
in drug metabolism [25]. Finally, vitamin A may increase metabolism and decrease drug levels [25].
It is unclear what level of intake is needed to alter serum drug levels and whether this varies with
specific ART agents. Despite these findings and concerns, the data are not necessarily generalizable,
and hence recommendations regarding dietary intake in those on ART do not differ from that of the
WHO 2003 guidelines.

Much has changed in HIV/AIDS treatment in terms of the discovery and availability of novel
anti-retroviral agents in the last decade. Drug development and availability have introduced even
more avenues for research in terms of the interaction between nutrition and drug treatment. The focus
in HIV and drug research now includes short- and long-term overall health of PLWHA on ART in
terms of chronic comorbidities.

Nutrition Programs and HIV

Recognizing that malnutrition significantly worsens morbidity and mortality in PLWHA, the WHO
has issued recommendations that emphasize reversal of under- or malnutrition in PLWHA to optimize
outcomes and disease treatment. ART is vital to controlling disease and to reversing weight loss and
wasting associated with HIV disease. An adjunctive intervention to ART is improvement in nutri-
tional intake. Access to adequate nutrition not only reverses malnutrition, but may also reduce the
burdens placed on HIV-infected individuals and their families in terms of access to nutrition and food
security. Relieving this burden may help redirect PLWHA to concentrate on treatment rather than
access to food and increase their uptake and adherence to treatment and retention in care [27, 28].
Treatment adherence and retention in care can hasten recovery and help infected individuals return to
productive lives [27]. Hence, nutrition programs, which provide nutritional assessment, counseling,
and support, including nutrient supplementation to meet WHO guidelines to counter under- and
malnutrition (which are the same guidelines for malnutrition in non-HIV-infected as well as
HIV-infected people given that evidence is insufficient to support nutritional supplementation beyond
that required to maintain normal BMI) have been supported [27, 28]. The objectives of nutritional
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programs are to help PLWHA achieve and maintain normal weight, adequate intake of macro- and
micronutrients, decrease the impact of other malnutrition-related illnesses, and improve quality of life
[27].

Impact of Fully Suppressed HIV Viral Load on Nutrition/Metabolism

When a PLWHA has a fully suppressed viral load on ART, the nutritional and metabolic issues often
begin to evolve. The PLWHA with fully suppressed viral load generally does not continue to lose
weight, but as metabolic demand from the virus decreases and inflammation is suppressed, will begin
to gain weight. Some with fully suppressed viral load will develop HIV-associated lypodystrophic
changes in regional body fat. These include subcutaneous fat atrophy and visceral or intra-abdominal
fat accumulation. Fat atrophy is most commonly seen on the face but is also present throughout the
body, reducing subcutaneous fat in the trunk and limbs as well. The best predictor of the development
of fat atrophy appears to be the use of those nucleoside reverse transcriptase ART agents that are
particularly toxic to mitochondria. Visceral fat accumulation has a multifactorial pathogenesis, which
includes the use of some protease inhibitor ART agents, pre-HIV amount of body fat, and female
gender. Both fat atrophy and visceral fat accumulation can be associated with glucose intolerance and
with atherogenic lipid profiles.

HIV infection in ART naïve individuals is associated with high triglyceride levels, low
high-density lipoprotein (HDL) levels, low total cholesterol levels, and malnutrition as measured by
low BMI [29]. A study done in a resource-limited setting suggests that after being on ART, HDL
levels decreased and/or triglyceride levels increased [29]. Other data suggest that triglyceride levels
remain high in treated HIV-infected individuals with increased total cholesterol levels and unchanged
HDL levels. Other studies also report anti-atherogenic responses to ART, particularly NNRTIs, in
which dramatic increases in HDL cholesterol were seen. Some ART agents are also associated with
increased rates of insulin resistance and type 2 diabetes.

These atherogenic lipid profiles as well as the inflammation induced by HIV appear to put
HIV-infected individuals at higher risk for cardiovascular disease. Obesity has also been reported
with increasing frequency in PLWHA with fully suppressed viral load that may be related to con-
tinued high dietary intake even as viral metabolic demands decrease. Glucose intolerance and insulin
resistance may progress to diabetes mellitus in HIV-infected individuals; and diabetes plays a role in
the increased cardiovascular risk.

Vulnerable Populations

Children, Nutrition, and HIV

Current estimates suggest that there are 3.4 million HIV-infected children under the age of 15 globally,
with 340,000–450,000 new infections in this population each year [30]. Many of these children also
suffer from malnutrition [30]. Mortality from severe malnutrition, defined as weight-for-height less
than 3 standard deviations below the reference population’s median, or mid-upper arm circumference
less than 11.5 cm in children 6 months to 5 years, was three times higher for those with HIV disease
than for HIV-negative children [30]. HIV-infected children also have higher rates of infectious
comorbidities that may contribute to the high rates of malnutrition [30]. Adolescents may be con-
sidered in the same category as children as their continued growth and development must be supported.
The precise nutritional needs for adolescents with HIV remain unclear.
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From the time of birth, HIV-infected children are at higher risk of malnutrition as they are
breast-fed by HIV-infected mothers who are also likely malnourished. Children are particularly
vulnerable to gastrointestinal disease that may increase the risk for or worsen pre-existing malnu-
trition. Children can suffer from chronic diarrhea with viral or parasitic infections [30], or may have
repeated acute diarrheal episodes from a series of bacterial infections. Alternatively, they may
develop HIV enteropathy that contributes to malabsorption and malnutrition [30].

Children are particularly vulnerable to food insecurity. Many HIV-infected children have one or
both parents suffering from HIV, or who have died from HIV. The child’s survival depends on their
often HIV-infected caretaker, who may or may not be able to provide for them if they have advanced
disease and are functionally limited. Children in these households are at higher risk for malnutrition
than children in households where neither parent has HIV [30].

The impact of malnutrition in HIV-infected children is generally similar to that in adults, but there
are some important differences. Malnutrition can affect a child’s thymic development and decrease
cellular immunity and antibody production [31]. It also affects innate immune function [31]. The most
obvious effect of malnutrition in HIV-infected children is impaired linear growth [31]. The etiology of
this stunting appears to be complex. Among the many factors that may contribute to stunting is the
suggestion that the pro-inflammatory cytokines that are produced in HIV affect bone remodeling
required for linear growth [31].

As in adults, it is unclear whether nutritional supplementation reduces morbidity or mortality in the
pediatric HIV-infected population. Certain interventions are clearly beneficial. It is clear that to
maintain growth and immune function in asymptomatic pediatric HIV disease, a 10% increase in
energy intake is required [18]. For catch-up growth, energy requirements can vary widely between 50
and 100% over the basic requirements [18, 31]. Increased energy demands should be met with caloric
intake that includes a balanced mix of protein, fat, and carbohydrates, rather than from only one
particular macronutrient. Less is known about nutrient requirements in adolescents with HIV infection.
There is speculation that due to growth spurts increased intake of protein may be required [25].

The WHO has made certain recommendations for HIV-infected mothers breast-feeding their
infants. In the resource-limited setting, vertical transmission of HIV disease via breast-feeding can be
as high as 40% [30] if the mother is not treated with ART. However, this risk decreases dramatically
with ART. Pregnant women diagnosed with HIV who met the WHO criteria for clinical stage 3 or 4
disease or have CD4 counts 350 cells/mm3 or less have been eligible for ART treatment and current
WHO recommendations suggest that all infected pregnant women should be treated but it is not clear
that this is feasible. A woman must receive ART in order to prevent mother-to-child transmission
(PMTCT) [7]. Even in settings where not all PLWHA can receive ART, pregnant and breast-feeding
women still require chemoprophylaxis with ART to prevent PMTCT, especially throughout the
breast-feeding period and until one week after all breast-feeding has stopped [7]. The infant also
requires prophylaxis for four to six weeks after birth.

If ART is available to the mother, then breast-feeding is recommended up to 12 months of age
[32]. If ART is unavailable, then formula feeding is recommended, as long as it is acceptable,
feasible, affordable, sustainable, and safe [27]. If unable to formula feed, then exclusive
breast-feeding is recommended for the first 6 months of life, which can be extended to 12 months as
necessary [30]. Exclusive breast-feeding for less than six months can increase the risk of infant
mortality, especially due to diarrhea, and exclusive breast-feeding for longer than 12 months can lead
to malnutrition [30]. During the first 6 months, mixed feeding, whether breast and formula or breast
and food, increases the risk of vertical transmission by 2 and 11 times, respectively [30]. It is
hypothesized that mixed feeding damages the integrity of the gut mucosa and thus increases risk of
HIV transmission [30].
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Regardless of feeding practices, ART reduces the risk of vertical transmission and improves
outcomes for both mother and child. In the pediatric population infected with HIV, ART reduces
morbidity and mortality. It improves growth patterns and decreases OI, especially diarrheal diseases,
which help improve nutrient absorption and metabolism [30].

Pregnancy, Nutrition, and HIV

Nutritional demands during pregnancy are increased for women who are not HIV-infected. TDEE and
resting energy expenditure can be heightened by as much as 15–20% by the third trimester, especially
in women in resource-sufficient settings [16]. In resource-poor settings, energy requirements only
increase slightly, which perhaps indicates that maternal metabolism adapts to ensure that fetal energy
requirements are met [16]. In lactating women, energy requirements can increase by 500 kcal/day in
resource-sufficient settings [16]. Energy requirements in lactating women in resource-limited settings
are not clear.

Whether pregnant or lactating, meeting energy requirements in resource-poor settings, especially
for HIV-infected mothers, can be difficult. Pregnant and lactating women are especially susceptible to
food insecurity, which affects their nutritional intake. Although pregnant HIV-infected women have
greater nutritional demands, they are often less likely to have the physical capability to meet those
demands [14]. In addition to concerns about adequacy of caloric intake, there must also be concern
over the quality of diet that the pregnant or lactating HIV-infected woman ingests. Poor or inadequate
nutrition intake affects maternal weight gain, and less than adequate weight gain in a pregnant woman
may increase the risk of pre-term labor and low birth weight [14]. Food insecurity in the pregnant or
lactating HIV-infected woman may affect retention in care and decrease ART adherence, which
increases the risk of resistant HIV in the mother and of vertical transmission of resistant HIV to the
infant [14]. In lactating women, food insecurity can impair breast-feeding activities as mothers may
be occupied with employment [14]. Decreased nutritional intake in the HIV-infected woman with
food insecurity also results in decreased breast milk production [14]. Review of the evidence pro-
duced since the 2003 WHO nutritional guidance suggests that there are no new data that would alter
the recommendation that a 10% increase in energy intake is necessary for HIV-infected pregnant or
lactating women to meet their increased resting energy expenditure [33]. However, women who have
inadequate weight gain during pregnancy, increased weight loss post-partum, other comorbidities, or
are also adolescents may need much higher energy intakes [33].

Anemia is a significant concern in pregnant women. However, iron is recommended to be given at
the recommended dietary allowance and should only be supplemented at higher levels after con-
firming iron deficiency anemia, as there are detrimental effects of excessive iron in the HIV-infected
population [33, 34].

HIV and HIV–TB Co-infection and Malnutrition

Co-infection with HIV and TB leads to an even greater risk of malnutrition than seen with either
infection alone. HIV, TB, and malnutrition either directly or indirectly contribute to immune com-
promise. Any degree of immune suppression, be it from malnutrition or underlying HIV disease, can
increase the risk of developing a concomitant secondary infectious disease, the most common being
tuberculosis [35]. In some African countries, the seroprevalence of HIV in those diagnosed with TB
can be as high as 75% [35]. In fact, the diagnosis of TB should automatically trigger testing for HIV.
As both HIV and TB can precipitate malnutrition, more severe weight loss can be seen in co-infection

460 A. Paranandi and C. Wanke



as compared to either infection alone [35]. However, whether this co-infection promotes an additive
or synergistic mechanism in terms of wasting is unclear. Co-infection can heighten energy expen-
diture, nutrient malabsorption, micronutrient deficiencies, and the production of inflammatory
cytokines, inciting weight loss, more so than in either infection alone [35].

Nutritional Status in HIV and HIV–TB Co-infection

Studies conducted in resource-rich as well as resource-limited settings suggest that BMI has been
found to be significantly lower in the HIV–TB co-infected population, compared to those with HIV
alone [36, 37], even though 24-hour dietary intake was not significantly different between the groups
[38]. BMI was significantly lower in those with HIV and TB with CD4 counts less than 200 cells/uL
as compared to those with CD4 counts greater than or equal to 200 cells/uL [35, 38], signifying that
more severe disease is associated with lower BMI. The studies described above used comparisons
between HIV/TB co-infection and HIV alone. Studies comparing nutritional status between
co-infected versus only TB-infected patients suggest similar trends [35, 38]. Other measures of body
composition such as mid-upper arm circumference were lower in co-infected patients as compared to
those with TB alone [35].

Outcomes in HIV and HIV–TB Co-infection

Nutritional status in co-infected patients can contribute to disease outcomes. Individuals infected with
HIV and TB with a BMI less than 17 kg/m2 were at greater risk of early mortality when compared to
patients with a BMI greater than or equal to 17 kg/m2 [35]. Another study showed that in people
living with HIV, those with higher BMI had lower rates of development of active TB and associated
mortality [39].

Macronutrient Deficiencies in HIV and HIV–TB Co-infection

Malnutrition, as defined by BMI, is associated with macro- and micronutrient deficiencies. Protein–
energy malnutrition, as defined by a low serum albumin concentration, is significantly less frequent in
those with pulmonary TB alone as opposed to patients with pulmonary TB and HIV [35, 37, 40].
These differences can translate into profound effects on disease outcome as albumin levels are
strongly associated with both morbidity and mortality [35, 37, 40]. Appropriate ART and anti-TB
treatment would mitigate this effect by decreasing the catabolic processes of disease and improving
appetite.

Micronutrient Deficiencies in HIV and HIV–TB Co-infection

The degree of micronutrient deficiencies can be more severe in individuals with HIV and pulmonary
TB when compared to those with mono-infection [41]. Vitamin A is important in both HIV and in
TB. Vitamin A deficiency can be profound in those presenting with co-infection [42]. Vitamin A
plays a vital role in the function of lymphocytes and macrophages, which are important in the control
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of HIV and TB [35]. Other vitamins, such as vitamin D, vitamin E, and vitamin B complex have not
been extensively studied in the HIV/TB co-infected population [35]. Iron deficiency and the resulting
anemia are more prevalent in co-infected patients than in HIV-infected patients alone [40]. The trace
element selenium also plays a role in immune defense, particularly as an antioxidant [36]. Finally,
studies on zinc have shown varied results, but one study did note that levels of zinc were significantly
lower in co-infected individuals when compared to those with TB alone or in controls with neither
infection [37]. Again, as discussed above, the cornerstone of improving TB and HIV co-infection
outcomes rests on anti-TB treatment and ART. Also important, as reflected in the WHO recom-
mendations, is to counter malnutrition and undernutrition to potentially decrease the severity of
disease outcomes.

Macronutrient Interventions in HIV and HIV–TB Co-infection

Randomized controlled trials of macronutrient supplementation have only recently been conducted in
the TB and HIV co-infected population. A randomized controlled trial conducted in Tanzania sought
to determine the effect of energy–protein supplementation in the setting of adequate micronutrient
replacement on weight, body composition, and hand grip strength in HIV/TB co-infected patients
[43]. Subjects were randomized to receive 1 versus 6 biscuits daily, each biscuit containing 4.5 g of
protein and 615 kJ of energy, for 60 days during the first part of TB treatment [43]. About 50% of the
subjects had under- or malnutrition, while the other 50% had normal BMIs. Baseline energy intake
was not recorded, so the actual supplementation provided by the bars above any particular subject’s
baseline intake was unclear. However, given the BMIs recorded, it appears that 50% were meeting
caloric requirements to maintain their weight within normal margins. Results showed that
macronutrient supplementation did not significantly affect weight or body composition, though results
were not stratified according to BMI, so it is unclear what the trend was in those with lower than
normal BMI. Another small randomized controlled trial in India used macronutrient supplementation
(cereal/lentil mixture of 930 kcal) versus nothing and gauged the clinical outcomes of disease in
patients with TB with and without HIV [44]. Positive outcomes were defined as cure (cleared
sputum), treatment completion, or negative sputum at 2 months after starting treatment (for those
without negative sputum recorded at the end of treatment) [44]. Poor outcome was defined as failure,
default, death, or relapse [44]. Whether in TB alone or in TB/HIV co-infected patients, macronutrient
supplementation did not significantly affect any of the outcomes of either group [44]. It should be
noted that this study was conducted prior to the availability of ART (which can substantially alter the
course of disease) in India [44].

Micronutrient Interventions in HIV and HIV–TB Co-infection

Studies on micronutrient supplementation have yielded conflicting results with regard to disease
outcomes. One study conducted in Tanzania suggested that when zinc, multivitamins, zinc with
multivitamins, or placebo was given randomly to HIV/TB co-infected patients, only zinc plus mul-
tivitamins had an impact on mortality at 8 months [45]. A second similar study at a different site
(Malawi) found no difference in mortality at 24 months [46]. Another trial in a similar population
found that in a group randomized to receive micronutrients continuously for the entire duration of
follow-up (median of 30 months), there was a significant decrease in TB recurrence at the end of
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follow-up [47]. While these studies enrolled subjects with similar disease status and BMI, the study
designs for these three studies were quite different as were the doses of multivitamins given, with a
range from 1 RDA to multiple RDA.

Conclusion

Malnutrition and HIV are inextricably linked, especially in resource-limited settings, and the com-
bination is detrimental to disease outcomes. The malnutrition that is seen with HIV infections is
complex and multifactorial, including metabolic derangements, leading to weight loss and wasting,
which increases mortality risk, also among people starting anti-retroviral treatment. Malnutrition is
even more common in HIV and HIV–TB co-infected individuals and found to be associated with
severe adverse outcomes. Medical, socioeconomic, cultural, and psychological factors all play a role
in the development of nutritional compromise with HIV or HIV–TB co-infection and vulnerable
populations such as children, adolescents, pregnant women, and the elderly, as well as poor and
food-insecure people are at particular risk. While it is clear that treatment of the underlying HIV
and/or TB is absolutely critical to improving outcomes, abnormal nutritional status persists despite (in
case of ARV, lifelong) treatment and continues to contribute to adverse outcomes. Therefore, it is
important to monitor nutritional status, including weight, and ensure adequate nutritional intake,
which may require specific nutritious foods. According to WHO guidance, micronutrient intake
should be at the level of one RNI, as with the evidence that is currently available, it is not possible to
recommend other levels for either of these infections. In summary, because of the linkages between
malnutrition and HIV and TB infection, as well as the nutrition issues related to long-term ART use
and chronic HIV infection, it is important to continue to ensure nutrition assessment and counseling
are part of standard care and treatment programs, and that these are augmented where necessary with
support in the form of special nutritious foods to support recovery of nutritional status and/or food
assistance to support access, adherence, and retention in care and treatment.

Discussion Points

• Discuss the relationship between socioeconomic factors, nutrition status, and HIV in the
resource-limited setting.

• Discuss the etiology of weight loss in HIV disease.
• Discuss the role of macro- and micronutrient deficiencies in HIV disease outcomes.
• Discuss the nutritional requirements of vulnerable populations suffering from HIV or HIV–TB

co-infection.
• Discuss the impact of anti-retroviral treatment on nutritional status in PLWHA.
• Discuss the impact of TB and HIV treatment on nutritional status in those suffering from disease

in resource-limited settings.
• Discuss the possible forms and roles of food assistance in care and treatment of HIV or HIV–TB

co-infection.
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Chapter 21
Reproductive Health and Nutrition

Satvika Chalasani and Nuriye Ortayli

Keywords Reproductive health � Puberty � Menstrual cycle � Pregnancy � Maternal morbidity �
Maternal mortality � Sexually transmitted infections � Reproductive organ cancers

Learning Objectives

• Discuss how nutritional status affects reproductive well-being.
• Describe how the major nutrient concerns vary during the reproductive cycle.
• Describe mechanisms through which macronutrients and micronutrients affect reproductive

health.
• Evaluate the impact that nutritional interventions have had on reproductive health, especially

pregnancy outcomes.

Introduction

In 1994, the International Conference on Population and Development adopted a Programme of
Action that represented a remarkable consensus among 179 Governments. The consensus was that
individual human rights and dignity, including the equal rights of women and girls and universal
access to sexual and reproductive health and rights, are a necessary precondition for sustainable
development [1]. The Programme of Action offers the following definition for reproductive health:

Reproductive health is a state of complete physical, mental and social well-being and not merely the absence of
disease or infirmity, in all matters relating to the reproductive system and to its functions and processes.
Reproductive health therefore implies that people are able to have a satisfying and safe sex life and that they have
the capability to reproduce and the freedom to decide if, when and how often to do so.

Reproductive health thus includes but is not limited to the absence of morbidity and mortality. It
includes having a healthy sex life, the capacity to reproduce, a healthy pregnancy and delivery, and a
healthy infant as a product of this delivery, and being free of sexually transmitted infections (STIs)

S. Chalasani (&)
Technical Division, United Nations Population Fund, 605 Third Avenue,
New York, NY 10158, USA
e-mail: satvika.chalasani@gmail.com

N. Ortayli
Technical Division, United Nations Population Fund, 605 Third Avenue,
New York, NY 10158, USA
e-mail: ortayli@unfpa.org

© Springer Science+Business Media New York 2017
S. de Pee et al. (eds.), Nutrition and Health in a Developing World,
Nutrition and Health, DOI 10.1007/978-3-319-43739-2_21

469



and reproductive organ cancers. Nutrition is more closely related to some aspects of reproductive
health than others, so this chapter examines those aspects of reproductive health where there are
plausible theoretical or empirical links with nutrition.

Reproductive Well-Being

For a long time, medical practice has been interested in the links between nutritional status or diet of
women and their ovulation, fertility and childbearing capacities. Plenty of advice was given to treat
problems or enhance sexual and reproductive functions using diet, some of which became intertwined
with popular culture: Aniseed increases menstrual flow; onion gives “coction to semen”; melon aids
sexual intercourse; dates will help women produce sons with ease; garlic dries up semen; on the
contrary carrots increase sexual desire and also “provide a good supply of semen”; peas increase both
semen and milk are just some of the advices given in the book “Medicine of the Prophet” written by
al-Suyuti probably during the second half of fifteenth century [2].

While some remnants of ancient medical advice continue to exist in the thinking and daily
practices of several people and communities even today, modern science and medicine has also
looked into and tried to better document the linkages between nutritional status and reproductive
functions of women and men. A well-known one, the association between polycystic ovaries with
accompanying menstrual problems, subfertility and obesity was first described in 1935 by American
gynecologists Irving F. Stein, Sr., and Michael L. Leventhal, from whom its original name of
Stein-Leventhal syndrome is taken. Some even argue that the written description was made back in
1721, by an Italian named Valisneri: “Young married peasant women, moderately obese and infertile,
with larger than normal ovaries” [3]. Another example, the amenorrhea accompanying an eating
disorder described and termed as “anorexia nervosa” was described around 1873 by Sir William Gull,
one of the personal physicians of Queen Victoria. There are other views saying that French
europsychiatrist Ernest Charles Lasègue described it a few weeks earlier than him [4]. Who was first
to officially describe the condition is debatable, but in both cases it was observed and documented
more than a century ago.

Advances in endocrinology during the second half of the twentieth century, and improvements in
our knowledge on the mechanisms by which sex steroid hormones affect the human body, brought
new dimensions to our understanding of the interactions between nutrition and reproductive health,
and reproductive morbidity. Now we are in an era where we have increasing insight into how our
genes are affected by the environment, food we eat, and how they in turn affect our bodies, including
our reproductive functions, and thus the future generations we produce. This is still an evolving area
where it is not yet possible to show causal relationships, but we actually may not be very far from
being able to do so. In this section while we try to give a glimpse of the discussion on the relationship
between what we eat and how we reproduce, we will focus on evidence-based, i.e., well-established,
well-documented relations between the two.

Onset of Puberty

Reproductive life starts with puberty. Puberty is the process of physical changes by which a child’s
body matures into an adult body capable of sexual reproduction to enable fertilization. It is initiated by
hormonal signals from the brain to the gonads: the ovaries in a girl, the testes in a boy. In response to
these signals, the gonads produce hormones that stimulate growth, function and transformation of the
brain, bones, muscle, blood, skin, hair, breasts and sex organs. Physical growth, of height and weight,
accelerates in the first half of puberty and is completed when the child has developed an adult body.
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Puberty is neurochemically initiated by the marked increase in the pulsatile release of
gonadotropin-releasing hormone (GnRH) from the preoptic anterior hypothalamus in the brain. The
continual GnRH pulse then drives development and maintains the eventual reproductive functioning
of gonads which in turn release gonadal sex steroids: testosterone in males and estradiol in females.
These hormones enhance development of secondary sex characteristics, breast buds in girls and
genital changes in boys. The mean age for starting of secondary sex characteristics are 11.15 years for
girls and 11.64 years for boys [5].

Nutritional Problems in Utero and During Early Life

Recent findings indicate that the timing of puberty onset is affected by nutritional deficiencies occurring
during certain early critical development windows. Maternal and early-life malnutrition seems to have
an impact on the developmental trajectory of a child by leading to early onset of puberty through a
number of mechanisms, including modifications in the expression of DNA. The same mechanisms
leading to early onset of puberty also increase risks for non-communicable diseases (NCDs) during
adulthood. Fetal and neonatal malnutrition causes characteristic disruptions in some of the coordinating
mechanisms that regulate onset of puberty, as well as regulation of appetite, and energy balance [6].
Precocious puberty (early onset of puberty) leads to early sexual maturity unmatched with social or
emotional maturity. Moreover, owing to a shortened juvenile growth period, and an overall shorter
stature, these children are at greater risk of NCDs later in life such as adult obesity, type 2 diabetes,
heightened risk of premenopausal breast cancer and cardiovascular disease [7].

Obesity

Several studies from the USA show that girls who have a relatively high body mass index (BMI) are
more likely to have their menarche earlier. BMI is also positively associated with other measures of
pubertal onset. Studies from other countries like Denmark [8] and Turkey [9] also found a link
between BMI and early pubertal development in girls. For boys, however, this link was observed only
in a few studies that looked at earlier puberty [10].

Vitamin D Deficiency

According to a case–control study, low level of serum 25OHD may be associated with precocious
puberty [11].

Menstrual Cycle: Ovulation and Menstruation

In girls puberty ends with menarche, i.e., the first menstrual bleeding. Menstruation is the cyclic,
physiological discharge through the vagina of blood and mucosal tissues from the non-pregnant
uterus; it is under hormonal control and normally recurs at approximately four-week intervals, except
during pregnancy and lactation, throughout the reproductive period, i.e., from puberty through
menopause. Menstruation at regular intervals is the result of ovulatory cycles. In ovulatory cycles,
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ovaries, under the stimulatory effect of gonadotropic hormones released from the brain, are able to
grow and release an ovum (egg). Growth and release of ovum is accompanied by production and
release of gonadal steroid hormones, estradiol and progesterone which prepare the uterus for preg-
nancy (in case fertilization of the ovum happens). In the absence of pregnancy, these hormone levels
drop and menstrual bleeding happens.

All the events around menstrual cycle, ovulation, fertilization, implantation of a fertilized egg (i.e.,
pregnancy) and menstrual bleeding in the absence of fertilization and implantation are the result of
intricate interactions between stimulant hormones from the brain, gonadal steroids and reproductive
organs. Our current knowledge cannot yet describe very clearly the role of environment, and
specifically nutrition, in these complex interactions. However, we know that they play an important
role, based on our observations of severe nutritional problems, i.e., nutrition-energy imbalances, such
as anorexia nervosa and athletes’ triad.

Anorexia Nervosa

Anorexia nervosa is a devastating psychiatric illness marked by extremely low body weight, cognitive
distortions related to body shape and weight perception, and either severe restricting of one’s food
intake or adopting a pattern of binge eating followed by purging. Severe restriction in food intake
leads to extreme weight loss (defined as body weight below 85% of expected weight), which in turn
leads to the failure to ovulate. Of women presenting with eating disorders, the great majority report
the absence of menstruation and a smaller group report other types of menstrual irregularities for at
least 3 months during the course of their illness. Low BMI, low caloric intake and excessive exercise
are strongly associated with decreased pulsatility of GnRH, and reversion to pubertal pulsatility
patterns, which in turn impairs functions of ovaries and disrupts menses [12]. Despite these irregu-
larities in ovulatory function, some women with eating disorders may get pregnant, and they are
actually more likely to experience unplanned pregnancies since they (and their healthcare providers)
assume they are, temporarily, infertile. The physiological and psychological demands of pregnancy,
child delivery and postpartum period present a big challenge to these patients who are already
struggling with an eating disorder [13].

Female Athlete Triad

The female athlete triad (also called Triad) is another example where energy deficiency leads to
disruption of ovulation and menstruation through weight loss (see point on GnRH above), which in
turn causes loss of bone mineral density-hence the triad: eating disorder and/or energy deficiency,
amenorrhea and decreased bone mineral density. With proper nutrition, these same relationships
promote robust health. However, some female athletes, especially those who are in competitive,
demanding sports (i.e., they exercise a lot and need higher energy intake) or in sports where a slim
body is needed may suffer from this disorder [14]. Energy availability is defined as dietary energy
intake minus exercise energy expenditure. And low energy availability appears to be the factor that
impairs reproductive and skeletal health in the Triad, and it may be inadvertent, intentional or
psychopathological. Most effects appear to occur below an energy availability of 30 kcal.kg (-1) of
fat-free mass per day.
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Overnutrition and Obesity

Obesity (BMI more than 30 kg/m2) is also associated with menstrual dysfunction and decreased
fertility. And in men, obesity is associated with abnormal semen parameters and can adversely affect
fertility [15]. Fertility rates are lower among overweight and obese women, in spontaneous con-
ception as well as in artificial reproductive techniques [16].

Premenstrual Syndrome

Premenstrual syndrome (PMS), also called premenstrual tension (PMT) is a collection of emotional
symptoms, with or without physical symptoms, related to a woman’s menstrual cycle. While most
women of childbearing age (up to 85%) report having experienced physical symptoms related to
normal ovulatory function, such as bloating or breast tenderness, medical definitions of PMS are
limited to a consistent pattern of emotional and physical symptoms occurring only during the luteal
phase of the menstrual cycle that are of sufficient severity to interfere with some aspects of life. There
is evidence of some beneficial effects of calcium and vitamin B6 vis-à-vis PMS, and mixed findings
for magnesium and evening primrose oil (which contains omega-6 fatty acids). However, insufficient
information about the studies included in the review makes it difficult to assess the reliability of the
authors’ conclusions [17].

Pregnancy

In nearly every culture around the world, there exist beliefs and traditional wisdom about the links
between what a woman eats and her pregnancy, delivery and the health (and even sex) of the infant.
In India for example, it is believed that whatever food a woman eats the most of when pregnant, the
child will crave and enjoy the same foods in its own lifetime. However, very little of this is actually
backed my modern science and standards for evidence. What is backed by such evidence is more
linked to the prevention of morbidities and hence mortality, rather than mortality itself. Although it is
virtually impossible to link nutrition to maternal mortality in a clinical trial framework (because
maternal mortality is a rare event), in examining various possible determinants of maternal mortality
in the last 60 years of the twentieth century, including nutrition, the most plausible explanation that
emerges for the decline in maternal mortality, at least in the Western world, is the successive
improvements in maternal care rather than higher standards of living [18]. Improved maternal care
includes safer surgery practices, delivery under aseptic conditions, antibiotics to manage infections,
oxytocin to induce labor and safer blood transfusion. A reduction in high-risk pregnancies (at younger
ages, and high-parity births) is also a contributing factor.

In this section, we examine the relationship between nutrition and various maternal morbidities,
which when health systems are weak, are closely linked to maternal mortality. There is a vast amount
of literature examining the impacts of individual (or combined) protein–energy and micronutrient
interventions. This section, however, only draws upon large studies or systematic reviews that permit
some amount of inference with reasonable confidence (even if not causal).

The World Health Organization has defined reproductive morbidity as consisting of three types:
obstetric, gynecologic and contraceptive morbidity [19, 20]. Obstetric morbidity refers to morbidity in
a woman who has been pregnant (regardless of the site or duration of the pregnancy) from any cause
related to or aggravated by the pregnancy or its management, but not from accidental or incidental
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causes. Obstetric morbidity is the equivalent of maternal morbidity and is further categorized into
three types: direct and indirect obstetric morbidity, and psychological obstetric morbidity. Here we
focus on the links of nutrition to direct obstetric morbidity which results from obstetric complications
of the pregnant state (pregnancy, labor and the puerperium), from interventions, omissions, incorrect
treatment, or from a chain of events resulting from any of the above. This can include temporary
conditions, mild or severe, which occur during pregnancy or within 42 days of delivery, or
permanent/chronic conditions resulting from pregnancy, abortion or childbirth. Some chronic con-
ditions (such as anemia or hypertension) may be caused by pregnancy and delivery, but are equally
likely to have other causes.

Maternal death is defined as the death of a woman while pregnant or within 42 days of termination
of pregnancy, irrespective of the duration and site of the pregnancy, from any cause related to or
aggravated by the pregnancy or its management but not from accidental or incidental causes [19].
Causes of maternal death are classified into direct and indirect causes. Direct maternal deaths are those
resulting from obstetric complications of the pregnant state (i.e., pregnancy, delivery and postpartum),
interventions, omissions, incorrect treatment or a chain of events resulting from any of the above.
Indirect maternal deaths are those resulting from previously existing diseases or from diseases that
developed during pregnancy and that were not due to direct obstetric causes but aggravated by
physiological effects of pregnancy [21]. Nutrition-related causes would fall under the latter definition.

Energy and Protein

It is well established that nutritional status of women prior to and during pregnancy plays a key role in
fetal growth and development. When it comes to the women themselves, malnourished pregnant
women may be at increased risk for adverse pregnancy outcomes in terms of maternal morbidity and
mortality. One of the better demonstrated relationships is between maternal height, cephalopelvic
disproportion (CPD) and obstructed labor, which in turn is one of the major causes of maternal
morbidity and mortality. However, height is mostly determined in the first few years of life, even if
catch-up growth is possible into adolescence and the start of reproductive years [22]. Better intra-
partum care—with better health systems particularly emergency obstetric and neonatal care with
C-section capacity—rather than nutrition interventions is thus likely to be the most effective strategies
to manage complications resulting from low maternal height and CPD [23]. Over the longer term,
however, intergenerational improvements in stature (via better fetal and infant growth) via
improvements in maternal nutrition and maternal somatic capital can lead to decreased CPD and a
range of other improved outcomes [24].

A recent review examining the impacts of nutritional advice, balanced energy and protein sup-
plementation, high-protein supplementation, and isocaloric protein supplementation on maternal
health outcomes of preeclampsia, duration of labor (hours), and mode of birth (cesarean section)
concluded that the evidence was generally of low quality (note that this review did not discuss the
impacts on birth outcomes such as gestational age, birth weight, head circumference, neonatal
mortality). Nutritional advice appears effective in increasing pregnant women’s energy and protein
intakes. The rather meager data on preeclampsia and duration of labor did not suggest a reduction in
risk with balanced energy and protein supplementation, although it results in modest increases in
maternal weight gain. High-protein nutritional supplements and isocaloric protein supplementation
lack beneficial effects based on available data. And while higher BMI has been shown to be asso-
ciated with increased risk of preeclampsia [25], among pregnant women who are overweight or
exhibit high weight gain, the limited evidence suggests that energy–protein restriction is of no benefit
in reducing the risk of preeclampsia or pregnancy-induced hypertension. Studies do not give infor-
mation on other maternal health outcomes [26, 27].
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Vitamin A

Biomedical pathways have been demonstrated from vitamin A to anemia (via its role in red blood cell
formation and iron metabolism), obstetric hemorrhage (via its capacity to prevent or decrease the
severity of coagulopathy, a cause of hemorrhage), pregnancy-related infections (by promoting wound
healing, increasing resistance to infection and immune enhancement if infection occurs) and possibly
hypertension (by decreasing endothelial cell damage and promoting vasodilatation, which could
decrease the incidence and severity of preeclampsia) [28].

A recent review examines 13 studies comparing vitamin A supplementation with placebo [29].
They concluded that vitamin A supplementation (as well as vitamin A + iron–folic acid) compared
with placebo or no treatment had no significant impact on reducing maternal mortality among
pregnant and lactating women. No subgroup differences were detected either between general pop-
ulations of pregnant women and those with HIV nor between pregnant women and those women who
had given birth in the past 42 days. Vitamin A supplementation did, however, reduce maternal night
blindness by an average 23% in two trials, bacterial vaginosis by 38% in one trial, puerperal fever by
79% in one small trial and increased BMI after birth in one small trial of women with HIV [30].

Vitamins C and E

Antioxidants can inhibit peroxidation and protect enzymes, proteins and cell integrity. They thus
contribute to proper cellular function in normal pregnancy [31, 32]. Antioxidants such as vitamins C
and E could thus be effective in decreasing oxidative stress, improving vascular endothelial function
and thus preventing or ameliorating the pathogenesis of preeclampsia. However, a recent systematic
review of nine studies investigating these possible links concluded that there were no significant
differences in the risks of preeclampsia between the combined vitamin C and E group compared to the
placebo groups, even after restricting the sample to women who were at high risk or low/moderate
risk for preeclampsia. In fact, women jointly supplemented with vitamin C (1000 mg per day, far
above the 55 mg RNI for pregnant women) and vitamin E (400 IU, also far above the 22.5 IU RNI
for pregnant women in some countries) were at increased risk of developing gestational hypertension
and premature rupture of membranes, but decreased risk of abruption placentae. There were no
significant differences between the vitamin and placebo groups in the risk of other adverse maternal or
fetal/perinatal outcomes. The authors conclude that supplementation with vitamins C and E during
pregnancy does not prevent preeclampsia [33].

Vitamin D

Vitamin D helps the body maintain normal levels of calcium and phosphate in the blood which in turn
contributes to bone mineralization, contraction of muscles, nervous system activities and cellular
function [34].

In terms of vitamin D status of pregnant women, hypertensive disorders, especially preeclampsia,
are the most studied reproductive health outcomes. Associations have been detected between low
concentrations of vitamin D and manifestation of preeclampsia. However, most of the findings in
humans are associations, and causality can therefore not be determined. Available scientific data are
limited, and well-conducted clinical trials are still lacking. Contradictory results can be explained by
methodological differences, as well as genetic, ethnic and racial, and geographic differences.
Evidence from observational studies also shows higher rates of preterm birth, bacterial vaginosis and
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gestational diabetes in women with low vitamin D levels. However, confirmation of experimental
observations establishing an association of vitamin D deficiency with adverse reproductive outcomes
by high-quality observational and large-scale randomized clinical trials is still lacking [35].
A non-randomized follow-up study of 884 pregnant women with HIV reported that women with low
vitamin D status were more likely to develop severe anemia, though no significant differences were
seen for anemia overall. Combined death and disease progression (RR 1.23 95% CI 1.04–1.45) were
also more likely in women with low vitamin D [36].

Vitamin D supplementation in a single or continued dose during pregnancy increases maternal
serum vitamin D concentrations as measured by 25-hydroxy vitamin D at term. However, the clinical
significance of this finding for maternal health and whether it should become a part of routine
antenatal care for maternal benefit cannot be determined without further high-quality trials [37].

It is important to note that vitamin D, as well as other micronutrients, are part of multiple
micronutrient supplements (typically at a dose of 1 RNI) that have been provided to pregnant women
to study impact on birth outcomes (see Chaps. 22 and 23).

Calcium

Most studies of the impact of calcium intake on maternal mortality have focused on calcium’s links to
preeclampsia and eclampsia. A recent review summarizes the various proposed pathways by which
calcium influences these major causes of maternal mortality. Low calcium intake may cause high
blood pressure by stimulating either parathyroid hormone or renin release, thereby increasing
intracellular calcium in vascular smooth muscle (which leads to vasoconstriction) as well as
increasing uterine smooth muscle contractility (which can increase risk of preterm labor and delivery).
Calcium might also have an indirect effect on smooth muscle function by increasing magnesium
levels. It can promote uteroplacental blood flow by lowering the resistance index in uterine and
umbilical arteries. And in the second half of pregnancy, it may reduce blood pressure directly rather
than preventing the endothelial damage associated with preeclampsia [38].

The same review concluded (based on 13 trials) that calcium supplementation (at least 1 g/day,
noting that the World Health Organization recommends calcium 1.5–2 g daily for pregnant women
with low dietary calcium intake) is associated with a reduction in the risk of gestational hypertension,
preeclampsia and preterm birth. The effects are particularly evident among women with low calcium
diets and at high risk of preeclampsia. Calcium also reduces preterm birth and the occurrence of the
composite outcome “maternal death or serious morbidity,” a result corroborated by another review
(11 trials) [29]. However, the authors note that the treatment effect may be overestimated due to
small-study effects or publication bias. They also found reduced occurrence of preeclampsia but not
of eclampsia. An important conclusion is that in settings of low dietary calcium where high-dose
supplementation is not feasible (since calcium is relatively expensive, and the tablets are bulky and
heavy to transport and store) the option of lower-dose supplements (500–600 mg/day) might be
preferable to no supplementation.

Iron and Vitamin B

Iron as well as folate/folic acid (or vitamin B9) and vitamin B12 are essential to the synthesis of DNA
and the production of red blood cells. Fetal growth results in an increase in rapidly dividing cells,
which in turns leads to heightened requirements for iron and folate among pregnant women.
Combined with the increased deposition or iron in the placenta, this can lead to iron-deficiency
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anemia and megaloblastic anemia (where cells are abnormally large, and cell contents are incom-
pletely developed) [39, 40]. The pathways by which anemia then increases risk of death among
pregnant women need to be better understood. Severe anemia may impair the muscular strength
needed for labor (and lead to higher blood loss), or it may decrease resistance to or increase sus-
ceptibility to infection. Severely anemic women are more susceptible to death from exsanguinating
hemorrhage (extensive internal or external blood loss) [41].

The most recent systematic review concludes that among pregnant and lactating women, iron and
folic acid supplement compared to placebo reduced anemia by 36% in pregnant and lactating women
[29]. There was no apparent impact on other morbidities and associated outcomes such as postpartum
hemorrhage, cesarean section and malarial infection. This confirms the conclusions of an earlier
review that found that prenatal supplementation with daily iron was effective in preventing anemia
and iron deficiency in pregnancy [42].

Looking at dosage, daily iron or iron and folic acid was significantly more effective than weekly or
intermittent supplementation in reducing rates of anemia although adherence was significantly higher
in the weekly group compared with the daily group. Iron or iron and folic acid + vitamin A (with or
without zinc) were superior to vitamin A alone in regard to anemia control, puerperal infection and
endometritis. Universal iron supplementation for pregnant women in Thailand led to significant
decreases in anemia in this population [43]. Among women of reproductive age more generally, daily
iron and folic acid supplementation, as well as food fortification, both significantly reduced anemia.
Large-scale micronutrient and nutrition programs that included iron supplementation were associated
with decreased anemia among adolescents [44]. Free weekly iron and folic acid supplement for
socioeconomically disadvantaged women of reproductive age, combined with social marketing for
those able to purchase low-cost supplements, is also considered practical and effective [45]. However,
evidence of associated maternal side effects particularly of high Hb concentrations during pregnancy
suggests the need to review and possibly update recommended doses and regimens for supplemen-
tation [42].

Despite this important evidence, it is important to note the lack of evidence on the relationship
between mild/moderate anemia and maternal mortality [46] as well as the lack of differentiation in the
literature on whether iron supplementation can reduce mild/moderate or severe anemia or both.
Importantly about 50% of anemia in women is attributable to iron deficiency, with other nutritional
and non-nutritional causes explaining the other 50% [47]. This has significant implications for our
understanding of the potential impact (or lack thereof) of iron supplementation on maternal mortality.
Furthermore, malaria and hookworm infection can inhibit absorption of iron, and contribute to
anemia, thus suggesting an important non-nutritional intervention (bed nets and antimalarials, for
example) for addressing anemia and its potential consequences for maternal health [48–50].

Zinc

Zinc has been shown to play an important role in protein synthesis, cellular division and nucleic acid
metabolism [51]. Among pregnant women, zinc’s roles in maintaining immunocompetence, cell
membrane integrity, prostaglandin synthesis and function, and estrogen-dependent gene expression
are all considered as pathways to its potential impact on pregnancy outcomes [52].

Low serum zinc levels in pregnant women are possibly associated with suboptimal outcomes of
pregnancy such as prolonged labor, atonic postpartum hemorrhage, pregnancy-induced hypertension,
preterm labor and post-term births, although many of these associations have not yet been established.
A 20 trial review concluded that zinc (compared to no zinc) did not make a difference to any maternal
outcomes. The conclusions were not altered by subgroup comparisons (low versus normal zinc and
nutrition levels, treatment compliant versus non-compliant) [53]. Another recent review of eight trials
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comparing zinc with placebo among pregnant and lactating women similarly concluded that none of
the maternal mortality or morbidity outcomes showed any significant differences [29]. Given this
current evidence, efforts to improve overall nutritional status of women of reproductive age in poor
areas, rather than focusing exclusively on specific micronutrients (including zinc supplementation in
isolation), could be given priority.

Magnesium

Magnesium works with many enzymes to regulate body temperature, synthesize nucleic acids, and
protein and maintain electrical potentials in nerves and muscle membranes. Magnesium also has an
important role in modulating vasomotor tone and cardiac excitability [54]. Low levels of magnesium
could produce vasoconstriction, rise in blood pressure and occurrence and severity of preeclampsia [55].

However, a ten-trial review concludes that magnesium supplementation during pregnancy had no
significant effect on preeclampsia [54]. No data were available on maternal mortality. However, a
different review of four trials showed that the rate of eclampsia was significantly reduced with
magnesium versus no magnesium. Two trials showed no significant difference in maternal mortality
with magnesium (versus placebo) [29]. Thus, while there is some evidence that dietary magnesium
supplementation during pregnancy can reduce eclampsia, more high-quality evidence is needed and
for a wider range of maternal outcomes.

Iodine

Iodine is an essential component of the hormones produced by the thyroid gland. Iodine requirements
increase by more than 50% during pregnancy, and iodine deficiency during pregnancy can cause
maternal hypothyroidism. The consequences include miscarriages, anemia, preeclampsia, abruptio
placenta and postpartum hemorrhage [56] and depend upon the timing and severity of the hypothy-
roidism. The evidence based on the effects of iodine on maternal pregnancy outcomes is weak.
However, in nearly all regions affected by iodine deficiency, salt iodization is the most cost-effective
way of delivering iodine and improving maternal health, fetal growth and infant health [57].

Multiple Micronutrients

In many low- and middle-income countries, large proportions of women have poor diets and defi-
ciencies in nutrients and micronutrients that are required for good health, a condition exacerbated by
pregnancy when micronutrient needs increase as the fetus grows, and the body’s absorption capacities
are altered (for better or worse). Multiple micronutrients present advantages in terms of
cost-efficiency and possibly interactions effects for greater impact.

Multiple micronutrients (versus two or less) showed no significant effects on maternal anemia,
miscarriage, preeclampsia, maternal mortality or risk of delivery via C-section [58]. Note that one
review found that multiple micronutrient supplements had the same impact on hemoglobin and iron
status indicators as iron with or without folic acid [59].
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Overnutrition and Obesity

Obesity (BMI more than 30 kg/m2) is associated with increased risk of miscarriage and obstetrical
and neonatal complications [60]. A recent review concludes that maternal overweight is now a known
risk factor that impacts the entire continuum of pregnancy. Overweight women are more susceptible
to pregnancy hypertensive disorders, gestational diabetes, respiratory complications and throm-
boembolic events. As delivery approaches, overweight women have a slower labor progression rate,
higher rates of cesarean deliveries and more surgery-related complications such as difficult spinal,
epidural or general anesthesia, wound infection and endometritis [61].

Sexually Transmitted Infections (STIs)

Gynecologic morbidity includes any condition, disease or dysfunction of the reproductive system
which is not related to pregnancy, abortion or childbirth, but may be related to sexual behavior. It is
further categorized into three types: direct and indirect gynecologic morbidity, and psychological
morbidity. This section and the next one focus on the links of nutrition to direct gynecologic
morbidity which includes bacterial or viral STIs and their sequelae, and reproductive cancers (as well
as PMS, discussed in that section).

Very few studies have looked into a possible relationship between nutrition and STIs. A nested
case–control study in Pune, India, of individuals attending two sexually transmitted disease
(STD) clinics found low serum beta-carotene levels to be independently associated with an increased
risk of subsequent HIV seroconversion [62]. One trial reported no impact of vitamin A on the
presence of vaginal HIV-1 DNA in 400 women with HIV [63].

Reproductive Organ Cancers

Due to the rarity of cancers and the probable multifactorial mechanisms that lead to their development
and their fatality, it is difficult to establish links, particularly causal ones, between nutrition and the
prevention and treatment of cancers. Still, in this subsection we try to highlight a number of asso-
ciations on which we have evidence, focusing on meta-analyses and systematic reviews.

Breast Cancer

Breast cancer is the number one killer of women among all cancers, killing more than half a million
women each year [64]. Therefore, its prevention and improvement of treatment is a public health
priority.

Obesity

Breast cancer risk among postmenopausal women increases with increasing BMI, but not in pre-
menopausal women [65, 66]. This association has been also observed in cohort studies [67, 68].
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Vitamin D

A meta-analysis conducted in 2013, looking at serum 25(OH)D levels showed that there was sig-
nificant inverse association with breast cancer risk (RR = 0.845, 95% CI = 0.750–0.951). Inversely
statistically significant associations were observed in North American studies, postmenopausal
women and studies with adjusted and unadjusted RR. No statistically significant associations were
observed in European studies and premenopausal women. Dose–response analysis showed that every
10 ng/mL increment in serum 25(OH)D concentration was associated with a significant 3.2%
reduction in breast cancer risk [69].

The role of vitamin supplements in preventing breast cancer is still an unclear area. Although there
are theoretical pathways which may suggest a benefit, there is no clear evidence for an effect of
vitamin supplements on cancer prevention [70].

One analysis of pooled data which included 12,000 breast cancer survivors did not find any
relation between post-treatment vitamin supplement use and risk of recurrence or death.
Post-treatment use of antioxidant supplements were associated with improved survival, but the
associations with individual supplements were difficult to determine [71].

Cervical Cancer

Vitamin A

A meta-analysis of 11 studies showed that pooled odds ratios (ORs) of cervical cancer were 0.59
(95% CI, 0.49–0.72) for total vitamin A intake and 0.60 (95% CI, 0.41–0.89) for blood vitamin A
levels. The combined ORs of cervical cancer were 0.80 (95% CI, 0.64–1.00) for retinol, 0.51 (95%
CI, 0.35–0.73) for carotene, 0.60 (95% CI, 0.43–0.84) for other carotenoid intake, 1.14 (95% CI,
0.83–1.56) for blood retinol and 0.48 (95% CI, 0.30–0.77) for blood carotene.

Overall, the authors concluded that vitamin A intake and blood vitamin A levels were inversely
associated with the risk of cervical cancer in this meta-analysis.

We do not have any evidence yet that we can reduce cancer risk by vitamin A supplementation [72].

Obesity

An association between death from cervical cancer and obesity was observed in a large cohort study
conducted in USA [67].

Ovarian Cancer

Obesity

Ovarian cancer is one of the important causes of death due to gynecological malignancy (leading
cause in industrialized countries which have controlled cervical cancer prevalence and mortality using
effective screening programs). A systematic review and meta-analysis found the pooled effect esti-
mate for female adult obesity was 1.3 (95% CI, 1.1–1.5) with a smaller increased risk for overweight
(OR 1.2; 95% CI 1.0–1.3). The pooled OR was stronger among case–control studies than cohort
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studies (1.5 vs. 1.1). Overweight/obesity in early adulthood was also associated with an increased risk
of ovarian cancer [73].

Diets high in glycemic load may actually increase risk of ovarian cancer, especially in
overweight/obese women, and diets rich in fibers may provide a modest protection [74].

Various Micronutrients

Australian Ovarian Cancer Study did not observe an overall association between the intake of folate,
B vitamins or other methyl donors and ovarian cancer risk [75].

Uterus Cancer

Obesity

Two large cohort studies have found that risk of cancer of the uterus corpus increases in women with
obesity [67, 68].

Prostate Cancer

While men face a variety of sexual and reproductive health risks, little is known about links between
nutrition and male SRH. One exception is prostate cancer, the most common cancer among men.
More than 1.1 million cases of prostate cancer were recorded around the world in 2012, accounting
for around 8% of all new cancer cases and 15% in men [76].

Various Micronutrients

No influence on prostate cancer risk was observed for dietary folate or for intake of vitamin C,
vitamin E, and beta-carotene [77]. An expert panel on behalf of the World Cancer Research Fund and
the American Institute for Cancer Research also concluded that it is unlikely that beta-carotene
(whether from foods or supplements) has a substantial effect on the risk of this cancer. SELECT trial,
a large randomized control study showed no protective effect of selenium or vitamin E, alone or in
combination from prostate cancer, despite encouraging findings from animal models and previous
studies [78].

Earlier another large prospective study from USA had found preventative multivitamin use not to
be associated with early or localized prostate cancer, but was associated with advanced and fatal
prostate cancer, a finding which needs to be further evaluated [79].

However, a recent review on environmental factors in human prostate cancer found that there were
protective effects of vitamin E, pulses, soy foods and high plasma 1,25-dihydroxy vitamin D levels.
Higher intake of legumes, nuts, shellfish and alpha-tocopherol intake were associated with decreasing
prostate cancer risks [80]. Evidence indicates that foods containing lycopene, as well as foods
containing selenium, probably protect against prostate cancer. A Danish prospective cohort study of
26,856 men found supplemental folic acid to be inversely associated with prostate cancer risk on a
continuous scale [HR 0.88 (95% CI, 0.79–0.98) per 100 mcg increase/day]. However, this inverse
association was confined to supplemental folic acid and non-aggressive prostate cancer.

21 Reproductive Health and Nutrition 481



The Mediterranean diet is abundant in foods that may protect against prostate cancer and is
associated with longevity and reduced cardiovascular and cancer mortality. Compared with many
Western countries, Greece has lower prostate cancer mortality and Greek migrant men in Australia
have retained their low risk for prostate cancer. Consumption of a traditional Mediterranean diet, rich
in bioactive nutrients, may confer protection to Greek migrant men [80].

Excess consumption of foods or supplements containing calcium is a potential cause of this cancer.
A case–control study in 2010 found prostate cancer risk to be associated with an increased intake of
dairy products (OR = 2.19; 95% CI, 1.22–3.94). Calcium, the main micronutrient contained in dairy
products, showed only a borderline associating with prostate cancer risk (although it has been
postulated that it is dairy’s phosphate content and not necessarily calcium that is driving this risk)
[81]. In another large prospective study in a prostate cancer screening trial, greater dietary intake of
calcium and dairy products, particularly low-fat types, was shown to be modestly associated with
increased risks for non-aggressive prostate cancer, but was unrelated to aggressive disease [82].

Conclusion

Reproductive health is an important dimension of both women’s and men’s health. There are strong
theoretical underpinnings to the important role that nutrition can play in improving reproductive
health. While the evidence of direct causal impacts of specific nutrients on reproductive health
outcomes is either weak or sparse, there are numerous studies showing associations between certain
nutrients and reproductive health outcomes or intermediate outcomes that we know are linked to
reproductive health. For some aspects of nutrition there is stronger evidence of the impact of sup-
plementation, such as calcium and preeclampsia, and iron/folic acid and anemia. Understanding of the
precise pathways of impact is still limited and will require further study.

Discussion Points

• How can the definition of reproductive well-being be used to assess the outcome of nutrition
interventions?

• What could be the long-term impact of preconceptual and antenatal nutritional interventions on
the health of reproductive organs?

• What is the impact of nutritional deficiencies on maternal mortality and why? Are there specific
nutrients that lead to specific causes of maternal mortality? If so, describe the pathways for this
relationship.

• Nutrition–infection interactions are well described regarding childhood diseases such as diarrhea,
measles and respiratory infections. How may this two-way interaction present itself for women of
reproductive age?
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Chapter 22
Maternal Nutrition and Birth Outcomes

Usha Ramakrishnan, Melissa Fox Young and Reynaldo Martorell

Keywords Maternal nutrition � Birth outcomes � Pregnancy � Preconception � Preterm births �
Small for gestational age � Stunting
Learning Objectives
By the end of this chapter, the reader should be able to

• Define maternal nutrition
• Explain the role of nutrition during pregnancy on birth outcomes

– Preterm birth
– Birth size
– Neural tube defects and other congenital anomalies
– Still birth and perinatal mortality

• Explain the importance of maternal nutrition before and during the periconceptional period.

Introduction

Maternal, newborn and child health (MNCH) outcomes such as anemia, intrauterine growth
restriction (IUGR), low birth weight (LBW) and preterm birth (PTB) remain major public health
problems that are associated with significant costs to health care and human capital formation [1, 2].
Growing global evidence points to maternal malnutrition and pregnancy at a young age as important
determinants of poor fetal growth, LBW, infant morbidity and mortality [2, 3]; but the importance of
addressing maternal nutrition both before and during pregnancy has only recently received attention
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[4, 5]. This is especially of concern in many low- and middle-income countries (LMIC), where
women enter pregnancy while suffering from undernutrition and their nutritional status worsens as
pregnancy progresses due to the increasing demand for energy and nutrients [4].

This chapter summarizes the state of current knowledge on the role of maternal nutrition before
and during pregnancy in determining birth outcomes especially preterm birth (PTB) and small for
gestational age (SGA) that are of considerable public health significance and related to the health,
well-being and survival of the next generation with recommendations for action both for programs
and future research. Current evidence is presented on the influence of maternal nutrition interventions,
especially during pregnancy, on birth outcomes including PTB, SGA and LBW, to help identify what
is known and/or needs further research. This is followed by an examination of the importance of
maternal nutrition prior to conception including during critical periods such as early childhood and
adolescence.

Assessment of Maternal Nutrition

Maternal nutritional status is typically characterized by indicators of body composition and size,
adequacy of nutrient intakes before and during pregnancy and to a lesser extent biomarkers of
nutritional status. Low body mass index (BMI < 18.5 kg/m2) is the most widely used indicator of
maternal undernutrition, but more recently, mid-upper arm circumference has also been proposed as a
useful and simple indicator that is associated with either acute or chronic energy deficits [6, 7].
Maternal short stature (<155 cm) has also been recognized as an independent indicator of adverse
pregnancy outcomes such as obstetric complications (pelvic size is related to height), maternal
mortality and SGA [8]. This is especially a concern for adolescents who may get pregnant before they
have completed growing [9].

Examination of worldwide trends in maternal nutritional status shows reductions in the prevalence
of maternal undernutrition (BMI < 18.5) in the past few decades [4], but it remains a significant
problem in South Asia where the prevalence exceed 20% as well as parts of Sub-Saharan Africa and
Southeast Asia (10–20%). This is further complicated by increases in maternal overweight and
obesity in all regions which have also been associated with adverse pregnancy outcomes especially
preeclampsia and preterm birth [4, 10, 11]. Data from the nationally representative Demographic and
Health Surveys show that more than half of women of reproductive age (20–49 years) are either
overweight or obese in countries from the WHO regions of the Americas and the Caribbean, Northern
and Southern Africa and Europe (Table 22.1). Maternal short stature remains a concern especially in
settings where access to obstetric care is limited and often coexists with thinness in some settings such
as South Asia where the burden of undernutrition is very high [8].

Maternal undernutrition (also referred to as thinness and/or underweight characterized as
BMI < 18.5 kg/m2) is typically associated with energy deficits, but poor diet quality remains a
problem, including in settings where energy and macronutrient intakes are not limiting. A recent
systematic review that examined nutrient intakes and/or patterns of food consumption among women
of reproductive age including pregnant women in low- to middle-income countries showed that while
overall energy and protein intakes have improved over the past few decades, micronutrient intakes
remained problematic with folate and iron intakes being most frequently below the estimated average
requirements followed by calcium and zinc [12]. Macronutrient intakes were also relatively higher in
women residing in the Caribbean and Central/South America compared to Africa and Asia, and
although fat intakes were within the acceptable range of 15–30% of total energy intakes in most
settings, data on the types of fat were lacking. Intakes of vitamins A, B complex and C were more
variable and may have been influenced by seasonality and access to locally grown fruits and veg-
etables. Finally, the consumption of micronutrient supplements including antenatal iron–folate which
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is recommended for all pregnant women was also low. These data combined with the rapid changes in
food supply and urbanization underscore the need for collecting reliable food consumption data and
the need to focus on dietary counseling during pregnancy.

Data based on biomarkers of nutritional status are even more sparse with the exception of anemia
which has been measured regularly as part of the Demographic and Health Surveys. Globally, the
prevalence of anemia from 1995 to 2011 has modestly declined among non-pregnant (33–29%) and
pregnant (43–38%) women [13, 14]. However, the burden of anemia remains unacceptably high
especially in regions of South Asia and Central and West Africa (Fig. 22.1). Further, reliable data on
the etiology of anemia and relative contribution of nutritional factors (iron, vitamin A, B12, etc.),
genetics and infection/disease are lacking. Other common nutrient deficiencies include vitamin A
deficiency which is common especially in regions like South Asia based on reports of night blindness
during pregnancy [15, 16], as well as riboflavin, vitamin B12 and zinc deficiency.

Nutrition Interventions During Pregnancy

This section is based primarily on several recently published systematic reviews [5, 17–32] that have
evaluated the effects of nutrition interventions during pregnancy on key birth outcomes, namely PTB,
birth size including SGA and LBW, still birth and perinatal mortality. Many of the reviews include
evidence from randomized controlled trials (RCTs) and/or observational studies and have also
evaluated the quality of the evidence using criteria recommended by the Cochrane Collaboration
and/or the GRADE system [33].

Direct Nutrition Interventions

Several trials and reviews that calculated pooled estimates based on formal meta-analyses of at least 3 or
more RCTs have been conducted for single-nutrient interventions such as vitamins A, B, C, D, zinc,
calcium, iron and folic acid as well as multi-nutrient interventions that combined two or more
micronutrients such as iron and folic acid (IFA), multiple micronutrients (MMN), n-3 polyunsaturated
fatty acids (PUFA) or used food-based approaches such as balanced protein–energy (BPE) supplements.

Fig. 22.1 Millions of pregnant women affected by anemia, by region. From Stevens et al. [63] (open access)
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The amount of nutrients provided was 1–2 times the recommended daily allowance for pregnant women
inmost supplements (single or multiple) with a few exceptions when higher amounts were used, namely
for n-3 PUFA, iron and calcium. For BPE, total energy content ranged from 270 to 1020 kcal and the
percentage of energy from protein was between 10 and 25% [34]. In contrast, there are very limited data
on prenatal vitamin B12, vitamin B6 or iodine supplementation on their own, i.e., not as part of
multi-micronutrient supplements, as well as very few trials on food-based approaches such as
lipid-based nutrient supplements (LNS) or home fortification during pregnancy. There are also differ-
ences in the nature of the intervention received by the treatment and control group, especially for the
trials that evaluated multi-nutrient interventions. For example, for ethical reasons many of the MMN
trials used IFA as the control group and the authors definedMMN as 5 or more micronutrients. Thus, the
true effect of MMN interventions, which also include iron and folic acid as part of the mix of
micronutrients, may be underestimated given the known positive impact of prenatal IFA. A mix of
interventions and controls were also used in the BPE trials (e.g., in some trials both groups received
micronutrients, and in other trials only the intervention group received micronutrients), and zinc was
often provided in addition to other micronutrients (e.g., zinc + MMN versus MMN alone). Vitamins C
and E were given concurrently in the included vitamin C trials. The key results on the effect of direct
nutrition interventions during pregnancy on selected birth outcomes are summarized in Tables 22.2,
22.3, 22.4 and described in the following sections.

Preterm Birth (PTB)

Several reviews and meta-analyses show that calcium and zinc supplementation significantly
decreased the risk of PTB (<37 weeks) [19, 21, 32], while n-3 PUFA supplementation decreased the
risk of early preterm birth (<34 weeks) [31]. The quality of evidence for calcium was moderate and
was associated with 20–30% reduction in PTB and 50–60% reduction for other related pregnancy
complications such as preeclampsia in both developed and developing country settings [19]. In
contrast, the quality of evidence was low to moderate for zinc supplementation [21]; in several trials
the comparison group received other micronutrient supplements [21, 32]. Evidence from observa-
tional studies and several RCTs mostly from high-income countries also supports a role for n-3
polyunsaturated fatty acids (PUFA) in reducing the risk of PTB [31]. Although the differences were
not statistically significant for overall PTB, n-3 PUFA supplementation has been shown to decrease

Table 22.2 Effects of direct nutrition interventions during pregnancy on preterm birth as reported by recent
meta-analyses

Nutrient [reference] No. of trials (total n) Pooled RR (95% CI)

Calcium [19] 11 (15,275) 0.76 (0.60, 0.97)b

Iron or IFA [20] 12 (NR) 0.94 (0.84, 1.06)

Iron or IFA [28] 13 (19,286) 0.93 (0.84, 1.03)

Zinc [21] 16 (7637) 0.86 (0.76, 0.97)b

Vitamin A [22] 5 (40,137) 0.98 (0.94, 1.01)a

Vitamin D [23] 3 (477) 0.36 (0.14, 0.93)b

Vitamin C [27] 16 (22,250) 0.99 (0.9, 1.06)a

Folic acid [26] 3 (2959) 1.01 (0.73, 1.38)

n-3 PUFA [31] 5 (4343) 0.74 (0.58, 0.94)

MMN [24] 15 (90,892) 0.96 (0.89, 1.03)a

Balanced protein–energy [34] 6 (3579) 0.96 (0.80, 1.15)b

Balanced protein–energy [25] 5 (3384) 0.96 (0.8, 1.16)b

aQuality of evidence was high
bQuality of evidence was moderate
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the risk of early preterm birth (<34 weeks) by 26%. The quality of evidence was moderate, but a
recent study that was not included in previous reviews also showed significant reductions in early
preterm birth (<34 weeks) and longer gestation duration (2.9 d; P = 0.041) among women who
received 600 mg of algal DHA (docosahexaenoic acid) during the latter half of pregnancy, but no
significant differences in overall PTB [35].

Imdad and Bhutta [20] reported a 6% reduced risk of PTB for prenatal IFA supplements, but the
differences were not statistically significant and the quality of evidence was moderate. Similar
findings were reported in an updated Cochrane review by Pena-Rosas et al. [28]. Several reviews and
meta-analysis of controlled trials of dietary interventions including BPE supplements that provided
less than 25% energy as protein also found no significant effects on preterm birth [25, 29, 34].
Similarly, the findings from trials of vitamin A [22] as well as vitamin C supplementation [36] which
often also included vitamin E have not shown any reductions in PTB; pooled results from 5 trials
(17,353 women) actually showed an increased risk of pregnancy-related hypertension in vitamin C
group (RR = 1.10, 95% CI = 1.0, 1.2) [27]. Although there is a suggestion of benefit for vitamin D
when compared to a placebo, the quality of the evidence was graded as low-moderate [23], and these
benefits were not seen when vitamin D was provided with calcium [23] or as part of MMN sup-
plements and compared to IFA which is the recommended standard of care [24, 37]. Finally, the
results from two large trials that evaluated the benefits of providing pregnant women with daily
lipid-based nutrient supplements (LNS) that contained both the n-6 and n-3 essential fatty acids,
linoleic and alpha-linoleic acid, respectively, along with 1–2 times the RDA of several micronutrients,
showed no significant differences in mean gestational age or the incidence of PTB when compared to
MMN or IFA supplements [38, 39].

Small for Gestational Age and Birth Size

Several RCTs from developed and developing countries have evaluated the benefits of nutrition
interventions during the prenatal period on birth size especially birth weight and/or LBW which is
defined as birth weight <2.5 kg (Table 22.3). Fewer studies, however, have evaluated the effects on
outcomes such as SGA, which is the accepted measure of fetal growth restriction (see Chap. 23
“Small for Gestational Age: Scale and Consequences for Mortality, Morbidity, and Development” for

Table 22.4 Effects of direct nutrition interventions during pregnancy on still birth and neonatal mortality as reported
by recent meta-analyses

Nutrient [reference] Still births Neonatal mortality

No. of trials (total n) Pooled RR (95% CI) No. of trials (total n) Pooled RR (95% CI)

Iron or IFA [20] 4 (NR) 0.96 (0.51, 1.83) 4 (NR) 0.82 (0.65, 1.05)

Iron or IFA [28] NR NR 4 (16,603) 0.91 (0.71, 1.18)

Zinca [21] 8 (5100) 1.12 (0.86, 1.46) N/A N/A

Vitamin A [22] 3 (89,556) 0.97 (0.9, 1.05) 2 (122,850) 1.04 (0.98, 1.1)

Vitamin D [23] 2 (282) 0.27 (0.04, 1.67) 3 (540) 0.35 (0.06, 1.99)

Vitamin C [27] 11 (19,575) 0.79 (0.58, 1.08) 0 NR

Folic acida [26] 3 (3110) 1.33 (0.96, 1.85) N/A N/A

MMN [24] 15 (98,808) 0.91 (0.85, 0.98)b 11 (83,103) 0.98 (0.90, 1.07)b

Balanced protein–energy
[34]

4 (3388) 0.62 (0.40, 0.98) 4 (3361) 0.68 (0.59, 0.82)

Balanced protein–energy
[25]

5 (3408) 0.60 (0.39, 0.94) 5 (3381) 0.68 (0.43, 1.1)

aStill births and/or neonatal deaths
bquality of evidence is high
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definitions), as well as on measures of linear growth. SGA is more difficult to determine due to the
lack of reliable gestational age data (few prospective studies that track last menstrual cycle and/or lack
of trained personnel who can assess gestational age at the time of delivery). Supplementation with
calcium, balanced protein–energy, MMN, IFA or n-3 PUFA has been shown to increase mean birth
weight by 42–86 g (p < 0.05) when compared to controls. Although these differences represent a
small effect size (*0.2 SD), the reductions in those at greatest risk, i.e., LBW, can be substantial
depending on the population. For example, babies born to mothers supplemented with IFA, MMN or
balanced BPE had a 10–30% lower risk of being born LBW than controls, and the effect sizes are
larger among undernourished women (who received BPE) (a limitation of this work is that many of
the studies included do not define criteria for “undernourished”) [23, 34]. Prenatal supplementation
with vitamin A has also been shown to decrease the risk of LBW, but only among HIV + women
(RR: 0.79, 95% CI: 0.64, 0.99; data from 3 RCTs), with no significant differences in the total
population [40]. Studies of Zn supplementation have also failed to show any overall benefit [21, 32].
In contrast, new evidence suggests a role for vitamin D in reducing the risk of LBW [23, 32].
Supplementation with vitamin B6 has also been associated with higher mean birth weight, but the
quality of the evidence is weak [36].

Systematic reviews provide evidence of significant reductions in SGA and LBW for prenatal BPE
and MMN interventions [25, 29, 34]. These meta-analyses have shown that interventions that focused
on improving macronutrient intakes by including food and/or fortified food products were effective in
increasing birth weight and reducing the incidence of LBW (see Tables 22.2, 22.3 and 22.4), and
these effects were larger for studies that were conducted in populations with higher prevalence of
maternal undernutrition based on body mass index. In contrast, the evidence remains weak and is of
poor quality for studies that evaluated the benefits of dietary counseling to improve dietary intakes
during pregnancy [29, 41].

Of note are the findings supporting the benefits of MMN interventions when compared to prenatal
IFA which has and continues to be the recommended standard of care since the 1960s [42]. Several
meta-analyses based on findings from RCTs that were conducted primarily in LMIC have shown that
prenatal MMN supplementation significantly reduces the incidence of LBW and SGA by at least 15%
when compared to IFA [24, 37]. Mean birth weight was significantly higher by 55 g for MMN with
borderline increases in gestational age, but there were no significant differences in the risk of PTB. It
should be noted, however, that MMN supplementation was associated with significant decreases in
PTB (RR: 0.85, 95% CI: 0.80, 0.90) in the subgroup of four studies that were conducted in settings
with more women with undernutrition (mean BMI < 20 kg/m2), whereas the reductions in the risk of
LBW and SGA were seen in the subgroup of trials that were conducted in populations where women
were either taller (mean height > 154.9 cm) or with mean BMI > 20 kg/m2. Greater reductions in
SGA and LBW were also seen among studies that used supplements containing 60 mg of iron, but
these were not statistically significantly different from those for trials that used 30 mg iron which may
have improved compliance in program settings.

Finally, although the meta-analysis by Imhoff-Kunsch et al. [31] did not find any benefits of n-3
PUFA interventions for birth size or LBW, some recent trials show promising findings. In a study of
women from the USA, Carlson et al. [35] reported greater birth weight (172 g; P = 0.004), length
(0.7 cm; P = 0.022) and head circumference (0.5 cm; P = 0.012) for the DHA group compared to the
control group that received a placebo. Large-scale intervention trials in Ghana and Bangladesh using
LNS which contained essential fatty acids along with multiple micronutrients have also shown
promising findings [38, 39]. Although there were no significant differences in the overall study,
babies born to primiparous women in the LNS trial conducted in Ghana were heavier at birth when
compared to those who received IFA or MMN. The LNS study from Bangladesh [38] where the rates
of SGA are much higher also showed significant increases in birth size among the offspring of women
who received LNS compared to IFA, especially among those who were at greatest risk.
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Still Birth and Perinatal Mortality

High-quality evidence demonstrates that prenatal iodine supplementation decreased the risk of cre-
tinism (RR: 0.27, 95% CI: 0.12, 0.60; data from 5 RCTs) and improved developmental scores (data
from 4 RCTs) in children born to mothers at risk of iodine deficiency [43]. Evidence also suggests
that prenatal iodine supplementation decreased the rate of infant mortality (data from 2 RCTs, total
n = 37,400). BPE supplementation has also been shown to significantly reduce the risk of stillbirths
by *40%, but the quality of the evidence was rated as low [17, 23]. The evidence for several other
nutrient interventions is also either lacking or of low quality. Although iron-containing supplements
have been associated with a lower risk of neonatal mortality or congenital anomalies, the quality of
evidence remains low, and the differences were not statistically significant [28]. In contrast, quality of
the evidence was ranked as high for MMN supplements, and although concerns of increased risk of
perinatal and neonatal mortality have been raised in the past [44], recent reviews found no differences
for prenatal MMN supplements when compared to iron or IFA [18, 24]. It should be noted, however,
that good obstetric care is needed when these interventions are implemented in settings where
maternal malnutrition is common, since larger babies will be born to small women.

Nutrition-Related Factors During Pregnancy

In addition to direct nutrition supplementation interventions, there are also several indirect
nutrition-related factors that have the potential to impact birth outcomes that have recently been
reviewed [18]. These topics include deworming, nutrition education and counseling during pregnancy
and household food production strategies [41, 45, 46]. However, data are limited and most of the
evidence is based on observational studies rather than rigorous RCTs. Antihelmintics in pregnancy
reduced the risk of very low birth weight; however, the meta-analysis included only 2 trials (1936
women) [45]. Nutrition education and counseling have also shown improvements in anemia, PTB and
birth weight [41]. There remains a need to further examine the role of these nutrition-related factors to
improve maternal nutrition and birth outcomes.

Role of Maternal Nutrition Before Conception

There is considerable evidence from animal, human, tissue and molecular studies supporting the
importance of maternal nutrition in the pre- or periconception period for the subsequent growth and
development of the offspring [47]. The maternal environment both in terms of nutrient availability
and exposure to environmental toxins has been shown to play a key role in the processes of
embryogenesis, implantation and the development of the placenta that occur very early in pregnancy.
For example, the availability of selected amino acids, free fatty acids and micronutrients such as folic
acid, zinc, vitamin B12 has been shown to influence a wide range of pregnancy outcomes.
High-quality evidence supports the importance of folate during the periconceptional period in
reducing the risk of neural tube defects (NTD) which has led to widespread efforts to improve folate
intakes among women of reproductive age by interventions such as fortification of staples [48, 49].
The most recent estimates attribute a 69% reduction in the risk of NTD based on evidence from
well-controlled RCTs that provided folic acid during the periconceptional period [4]. Emerging
evidence also suggests reductions for other congenital birth defects [50], although most of this is
based on observational studies, since withholding folic acid supplements to a control group in an
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intervention study would be unethical, and the most recent Cochrane review concluded that there was
no clear impact and that the quality of evidence was low [48].

Evidence from observational studies that examined women’s nutritional status based on anthro-
pometry (BMI < 18.5 kg/m2) and/or micronutrient status also suggests a positive relationship with
outcomes such as PTB and LBW, but most of the studies were of poor quality and evidence from
well-designed trials that evaluate the benefit of interventions that begin before conception is limited
[17]. Evidence from observational studies has shown that early age at first childbirth and short
interpregnancy interval are associated with significantly increased odds of PTB and LBW [3, 51].
Early age at first childbirth also resulted in increased odds of stillbirth (aOR: 1.35, 95% CI: 1.07,
1.71) and early neonatal death (aOR: 1.29, 95% CI: 1.02, 1.64) [51]. Children born to women under
the age of 19 are also more likely to be stunted at two years of age and fail to complete secondary
school [3], supporting the need for interventions that delay child bearing especially in settings where
many births occur among adolescent girls, i.e., before they have had the opportunity to attain adult
stature and body composition.

Two large trials also provide interesting insights on the potential for preconception interventions
[52, 53]. The first study was a large food-based intervention study (the Mumbai Maternal Nutrition
Project) in which women living in the urban slums of Mumbai, India, received either a nutrient dense
snack that contained green leafy vegetables, fruits and milk or a low-nutrient snack from precon-
ception through delivery [46]. There were no differences in birth outcomes in the overall sample, but
the intervention increased birth weight for the offspring born to women with a BMI > 18.6 kg/m2

(birth-weight effect: −23, +34 and +96 g in lowest (<18.6), middle (18.6–21.8) and highest (>21.8)
thirds of BMI, respectively), and these effects were also larger among those who received the
preconception intervention for at least 90 days (+48 g; 95% CI: 1, 96 g; P = 0.046). More recently, a
large study evaluated the benefits of weekly micronutrient supplements prior to conception in
Vietnam in which women of reproductive age were randomized to receive weekly supplements
containing (a) only 2800 µg folic acid (served as the control group), (b) 60 mg of iron and 2800 µg
folic acid and (c) multiple micronutrients including IFA and followed up for pregnancies and birth
outcomes. All women who conceived, regardless of their preconception supplement group, received
daily IFA supplements through delivery. There were no differences in mean birth weight, LBW, SGA
or PTB in the intent to treat analysis (n = 1599). However, the results of the per-protocol analysis that
included only women who consumed the preconception supplements for at least 26 weeks showed
that mean birth weight was higher by 67 and 46 g for the MMN and IFA groups compared to FA only
[47]. Although nearly a third of the women were underweight, the prevalences of anemia and iron
deficiency were much lower compared to the study in India, and no differences were seen in maternal
nutritional status at the time of the first prenatal visit by treatment group. However, a secondary
analysis of the data from this trial, maternal nutrition before and during pregnancy had similar and
independent associations with birth outcomes [54]. A 1 SD higher prepregnancy weight or gestational
weight gain was associated with a respective increase in birth weight of 283 and 250 g, indicating that
programs aimed at improving birth outcomes will have greatest impact if they target both critical
windows, i.e., preconception and pregnancy.

In summary, the evidence on which specific preconceptional interventions best improve birth
outcomes remains weak, except for the benefits of folic acid in reducing NTDs. Although we have
limited information to design effective and targeted preconception nutrition interventions, ensuring
good nutrition for WRA should be a priority in settings where deficiencies are common and access to
timely prenatal care remains suboptimal. The findings of several large ongoing trials that are eval-
uating the benefits of LNS before and during pregnancy in Guatemala, India, Pakistan and the
Democratic Republic of Congo [55] and providing animal source foods before and during pregnancy
in rural Vietnam [56] will shed more light.
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Role of Intergenerational Effects

Strategies to improve nutrition during the first 1000 days can have a profound effect for generations
to come. Improving a young girl’s nutrition not only improves her health across her lifetime, but also
improves birth outcomes for her children as well. As summarized by Martorell et al., the intergen-
erational influences of maternal nutrition are well established; birth weight is correlated across
generations; and maternal short stature (indicator of her poor early nutrition) is linked with delivery
complications, offspring low birth weight, stunting and increased child mortality [57]. For example,
intergenerational data from the Aberdeen Children of the 1950s study reported that maternal
inequalities at birth, her birth weight, early growth and childhood social environment were important
determinants for her child’s birth weight [58]. In addition, using intergenerational data across four
birth cohorts in low- and middle-income counties (COHORTS study), Addo et al. [59] reported that
both maternal and paternal early growth (from birth to 2 years) as well as maternal growth from
mid-childhood to adulthood was associated with their child’s birth weight. The strongest impacts
were found on the maternal side (a 1 SD increase in maternal birth weight was associated with a
102 g increase in her child’s birth weight), indicating the clear importance of a woman’s nutritional
status (weight/height) before pregnancy to improve birth outcomes [59]. Overall, the current evidence
strongly suggests that improving nutrition prior to and during the first 1000 days is critical for
breaking the “intergenerational cycle of growth failure” [60].

Evidence from Programs

While the importance of maternal nutrition for improving birth outcomes is clear, and we have
established efficacious interventions, the evidence from maternal nutrition programs at scale, how-
ever, is limited and requires further evaluation and prioritizing. In a recent review of global policy and
program guidance on maternal nutrition, few countries had maternal nutrition programs beyond
anemia control and a clear lack of program guidance to address maternal thinness, gestational weight
gain or LBW prevention was noted, citing a lack of priority, financial support and evidence [1, 61].

In order to see similar impacts of maternal nutrition interventions on birth outcomes at scale, there
is a critical need to inform and strengthen program implementation strategies. A phenomenon, not
unique to maternal nutrition programs, is that we know what do, we know it works, but are failing to
effectively implement the program. A key example of this is IFA supplementation during pregnancy,
one of the few maternal nutrition programs scaled up across the globe. Although policies and
programs are in place to provide IFA to pregnant women, Lutter et al. [62] found that in some regions
only 1 in 2 women had ever received IFA and across regions only 17–43% of women reported
receiving IFA for at least 90 days during their pregnancy. Thus, it is not surprising that globally we
are failing to effectively reduce maternal anemia [63] and the associated preventable poor birth
outcomes and maternal and child deaths. There are also major gaps in our understanding of how best
to improve dietary intakes among women of reproductive age, especially during pregnancy.
Formative research is needed to better understand the underlying factors that limit improvements to
nutrient intake during pregnancy in terms of quantity and quality. Based on better insights, strategies
and programs can be designed to ensure that macro- and micronutrient intake during pregnancy is
in-line with recommendations. This may entail ensuring good coverage and adherence with IFA or
MMN supplementation among all pregnant women and increasing access to food in general or to
specific fortified foods for women at highest risk of poor birth outcome, e.g., based on young age,
poverty or (seasonal) food insecurity. The latter requires coordination between health and food
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systems and may also involve social protection programs that reach the most vulnerable in the
population, for targeting and delivery of interventions to vulnerable pregnant women.

Recently a review of adolescent and women’s nutrition programs summarized current program
evidence from LMIC [64]. Several programs have reported increased nutrient intake [65–67] and
reduced anemia prevalence [68–70], but very few have examined the impact on birth outcomes, as the
interventions were not particularly targeted to pregnant women. The Vietnam Folate Supplementation
Pilot reported that by providing prepregnancy deworming and weekly IFA supplementation to
women the prevalence of LBW infants was significantly reduced [71]. Progesa (Oportunidades) in
Mexico reported higher rates of C-sections among overweight participants [72]. The review con-
cludes that too little is known about the most efficacious approaches and there is a critical need for
rigorous program research, documentation on lessons learned and impact evaluation. Furthermore,
there is need for programs to step beyond the basic services for only pregnant and lactating women to
include adolescents/women before pregnancy and WRA in order to maximize impact on health and
nutrition [64].

Conclusions

There is increasing recognition of the important role maternal nutrition plays in improving birth
outcomes and subsequent growth and development of the next generation. Meta-analyses of inter-
vention trials show that prenatal supplementation with calcium, zinc and n-3 PUFA lowers the risk of
PTB, whereas MMN and BPE supplementation resulted in increased birth weight and a lower risk of
LBW. Interventions such as iodine and periconceptional folic acid are also important for reducing
pregnancy losses and birth defects. Some of these are existing interventions that need to be
strengthened with improved program implementation, while others are new interventions that are
efficacious but not widely implemented. There also remain some important gaps that need future
research to help guide policy and programs to improve birth outcomes.

Key maternal nutrition research priorities

• More rigorous, controlled BPE trials also including micronutrients, fatty acids, etc. (i.e., fortified foods, including
lipid-based nutrient supplements and home fortificants such as micronutrient powder) and/or nutrition counseling
should be considered along with additional outcomes such as lactation performance, child growth and development
during early life

• The relationships between nutrition and infection during early pregnancy in predicting subsequent outcomes are
unclear

• The interaction of nutrition and environmental exposures (smoking; air pollution) needs to be explored

• Efficacy of balanced protein–energy and/or micronutrient interventions (IFA; MMN), before and during early
pregnancy on MNCH outcomes

• Well-designed observational studies that examine the relationships between prepregnancy body size and
composition and MNCH outcomes are needed

• Evaluation of integrated approaches that link nutrition with agriculture, water and sanitation and livelihood strategies

In terms of existing interventions, the provision of iodine using iodized salt and/or supplements
and fortification of staple foods with folic acid are some of the most successful interventions to date,
but constant monitoring and political commitment are still needed especially in resource poor
environments. Balanced protein–energy and IFA supplementation during pregnancy is also important
existing interventions that can significantly improve MNCH outcomes, but face programmatic
challenges. Solutions to address barriers related to program delivery, costs and scaling up are needed
to improve effectiveness in settings where food insecurity and poor access to care are common.
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Furthermore, interventions to improve birth outcomes should be linked with adequate access to
obstetric care. Finally, more well-designed studies are needed to estimate the cost effectiveness and
barriers to implementation in ongoing programs that promote nutrition education and counseling
during pregnancy.

The nutrition interventions that have promise for future implementation are the provision of MMN
supplements, calcium and omega-3 fatty acids during pregnancy, but these interventions need more
testing in programmatic settings in LMIC. MMN interventions are safe and efficacious, but earlier
concerns about possible adverse effects on neonatal mortality and issues related to the dose and
composition of these supplements have hampered implementation. In spite of the consistent evidence
that supports the benefits of MMN supplements, efforts to change the current guidelines have been
slow and are still underway. Calcium supplementation also shows benefit in controlled trials, but
additional implementation research is needed to identify the most suitable form(s) of the supplements
(multiple large tablets/drinks/other) [73]. Finally, most of the research on n-3 fatty acids has been
done primarily in high-income countries, and trials are needed in LMIC where the burden of adverse
outcomes is higher. However, cost effective ways of delivering the above interventions are also
needed.

In summary, innovative approaches that evaluate targeting and findings solutions to improve
effectiveness of existing direct nutrition interventions are needed to improve maternal nutrition. These
programs also need to have stronger links with other sectors such as agriculture, water and sanitation,
family planning, education and social protection programs to improve birth outcomes. Future research
that evaluates the benefits of improving women’s nutrition before and during pregnancy as well as
postponing age at first marriage/pregnancy is also needed to have better informed strategies that will
help reduce the burden of outcomes such LBW, PTB and maternal and neonatal mortality, especially
in settings where underlying issues such as poverty, food insecurity and gender discrimination
remain.

Discussion Points

• How is maternal nutrition defined?
• Which maternal nutrition interventions are the most effective at improving which specific birth

outcomes, and why?
• What are the key limitations of the existing evidence? How can these be addressed?
• What additional evidence is needed to inform maternal nutrition programs to improve birth

outcomes?
• In addition to the health sector, which other sectors are important for improving maternal nutrition

and birth outcomes and why?
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Chapter 23
Small for Gestational Age: Scale and Consequences
for Mortality, Morbidity, and Development

Ines Gonzalez-Casanova, Usha Ramakrishnan and Reynaldo Martorell
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Learning Objectives
By the end of this chapter, the reader should be able to:

• define small for gestational age (SGA) and enumerate at least three methods of assessment;
• describe the epidemiology and main causes of SGA in developing countries;
• explain the association between SGA and mortality;
• explain and substantiate the association between SGA and morbidity; and
• explain the short- and long-term consequences of SGA on development.

Introduction

Small for gestational age (SGA), which is defined as a birthweight for gestational age below the 10th
percentile of the reference, is used frequently as an indicator of inadequate intrauterine growth and
also commonly referred to as intrauterine growth restriction (IUGR) or fetal growth restriction
(FGR) [1–3]. This is a major public health problem. It is estimated that over 27% of live births are
SGA in developing countries, with important short- and long-term repercussions for health and
development [4]. This chapter describes the challenges to assess SGA, followed by current knowl-
edge of its epidemiology and determinants especially in developing countries, as well as its main
consequences. SGA should not be confused with preterm birth (<37 weeks of gestation) or even with
low birthweight (<2500 g), which does not take into account the duration of gestation (Fig. 23.1);
these conditions may coexist in certain settings and within individuals and have been described in
Chap. 22 as they are also important health concerns.
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Assessing Small for Gestational Age

Screening and diagnosis of SGA is challenging, especially in developing countries where access to
technological advances may be limited. Different approaches have been used for this purpose [1, 5, 6].
All thesemethods are prone to error; a key challenge for the assessment of SGA is the accurate estimation
of gestational age [6]. Threemethods are commonly used to estimate gestational age. Ideally, gestational
age should be determined through ultrasound examination, preferably during the first trimester of
pregnancy [7, 8]. Although access to ultrasound technology has increased, it is still not available tomany
women especially those living in resourcepoor settings and/or it can be less accuratewhenwomendonot
access prenatal care until the second trimester [9]. Another method to estimate gestational age is through
the date of the last menstrual period (LMP), but this often relies on maternal recall, which may be
inaccurate. This method is more feasible in low-resource settings and in developing countries, although
inaccurate reporting is oftenmore common among less educated and poor women; also, womenwho are
nursing or have irregular menstrual cycles are prone to misreport [7, 10, 11].

Alternatively, physician observation has been used in combination with checklists to approximate
gestational age, but this technique performs poorly compared to ultrasound or with recall of LMP as
gold standards [11]. A few studies compared the three different methods to estimate gestational age
[7, 10–12]. In the USA, Savitz et al. [12] compared the use of LMP to first trimester ultrasound and
found gestational age measured by the first method was on average 2.8 days more than that estimated
by ultrasound and was less accurate predicting date of birth. The greatest differences were found
among younger women, those with low body mass index, and cigarette smokers. In a similar study in

Fig. 23.1 Definition of small gestational age. LGA large for gestational age. AGA appropriate for gestational age. SGA
small for gestational age. LBW low birthweight. VLBW very low birthweight. ELBW extremely low birthweight
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the USA, Hoffman et al. [7] compare those two methods and found that LMP estimates were on
average 0.8 days longer than those obtained from a first trimester ultrasound. In this case, the
differences were greater among young and underweight women, and Hispanics and non-Hispanic
Blacks. In developing countries, Rosenberg et al. [11] compared four different methods to estimate
gestational age (ultrasound, last menstrual period, and Ballard and Dubowitz physician reported
indexes) in Bangladesh. Concordance coefficients were 0.88, 0.91, and 0.88 for LMP, Ballard, and
Dubowitz, respectively. Compared to ultrasound, LMP recall and Ballard underestimated gestational
age by 2.9 and 1.1 days, respectively, while Dubowitz overestimated it by almost 4 days. In
Guatemala, Neufeld et al. [10] compared LMP and physician examination (using Capurro scale) to
ultrasound and found that, on average, LMP underestimated gestational age by 0.77 days compared
to ultrasound, while physician examination underestimated it by over 3 days. In this study, authors
attributed the good performance of the LMP to well-trained village health workers assisting women to
recall the dates.

Similarly, anthropometric measurements of the fetus, which are most commonly obtained by
measuring uterine height using either calipers, metric tape, or through ultrasound examination, require
training and are susceptible to measurement error, complicating the process of screening for SGA [2,
5]. Information obtained from clinical records or at clinical settings might be more susceptible to
measurement error, compared to information collected in research settings where training and stan-
dardization of measurement techniques minimize potential issues. Another common source of error
observed in clinical settings is the practice of rounding birthweights to multiples of 2, 5, 10, 50, and
even 100 g [13]. Further, a significant proportion of births may not occur in clinical settings, espe-
cially in developing countries, resulting in missing or inaccurate estimates of weight and other
anthropometric measurements at birth [14].

Once good quality and reliable information on gestational age and newborn anthropometric
measurements is collected, the next challenge in the assessment of SGA is selecting a growth
reference to interpret the data. Multiple references are available including international and local, as
well as standard or customized by maternal height, parity, ethnicity, etc. For diagnosis and follow-up
of pregnancies in clinical settings, local and customized growth charts have been deemed more
appropriate. Another challenge is the use of different cutoff values; although the 10th percentile is
used most widely, some have used lower values such as below the 3rd and 5th percentile to define
SGA [15]. However, to obtain population estimates, standardized and international references are
often more convenient and useful for comparisons [5, 16, 17]. An example is the World Health
Organization Child Growth Standards, which was released in 2006 and includes children from 0 to
5 years.

After the release of the WHO child growth standards, this and other international and public health
organizations identified the development of adequate standards to assess fetal growth in diverse
settings as an important research priority. The International Fetal and Newborn Consortium has
recently announced the release of “the International Fetal and Growth Standards for the twenty-first
century (INTERGROWTH-21st),” which has been developed based on prospective data that were
collected from eight geographically diverse populations (Brazil, Italy, Oman, UK, USA, China, India,
and Kenya) using a standardized protocol [8]. Each participating country collected data from a sample
of healthy pregnant women (non-smokers, healthy weight, no known health problems, etc.) expected
to produce full-grown healthy fetuses. This study was implemented from 2008 to 2013 and included
repeated ultrasound measurements, as well as measurements of weight and gestational age at birth.
The new standards will be adopted by WHO and are complementary to the growth standards pub-
lished in 2006 for children 0–5 years [18]. The INTERGROWTH-21st website can be accessed at
www.intergrowth21.org. The international reference previously supported by WHO was developed in
1970 and was based on data solely from the USA and likely inadequate to assess fetal growth in
current populations [19].

23 Small for Gestational Age … 505

http://www.intergrowth21.org


It is important to stress that due to the aforementioned complications to produce reliable
population-level estimates of SGA, it has been challenging to assess the magnitude of the problem
globally and at a country level. Furthermore, it has been anticipated that the use of the new fetal
growth standards will not only produce SGA estimates different to those currently available that are
based on different references, but also will bring unprecedented opportunity for a comprehensive
assessment growth and development [20]. Public health researchers and practitioners interested in
maternal and child health need to be aware of these challenges and keep up to date with new
developments in this field.

Epidemiology and Determinants of SGA

As a response to the high mortality rates of children under 5 years, the WHO created the Child Health
Epidemiology Reference Group (CHERG) in 2001. This group aims to provide reliable epidemio-
logical estimates and technical support for the prevention of mortality and morbidity among children
younger than five years in low- and middle-income countries. Many estimates used in this chapter are
based on a series of publications, which are a useful resource to complement this reading [2–4, 21–
40]. The CHERG Web site can be accessed at www.cherg.org.

As part of this initiative, the CHERG group published the most recent estimates of the extent and
magnitude of SGA based on a meta-analysis of several international datasets that include estimates of
SGA in 138 low- and middle-income countries (Fig. 23.2).

These estimates were obtained from ultrasound and birthweight information available and in
comparison with the 1970 Alexander Ref. [18] that was previously supported by the WHO. Overall, it
was estimated that 32.4 million infants (27% of live births) were born SGA in low-to-middle income
countries in 2010. The highest prevalence observed was of 41.5% in South Asia, which contrasts with
the lowest prevalence of 5.3% observed in East Asia (Fig. 23.3) [4]. The 10 countries with the
greatest percent of SGA are presented in Table 23.1, with India, Pakistan, and Nigeria in the top three
[41].

Fig. 23.2 Estimated prevalence of SGA births in 138 low-income and middle-income countries. From Lee et al. [4]
(Open Access)
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This epidemiologic panorama is explained by the multifactorial etiology of SGA. Maternal health
and nutrition, placental integrity, and fetal characteristics may be responsible for SGA, but the
contribution of these factors may differ among regions and populations. For example, in developed
countries, the main cause of SGA is placental dysfunction, while in developing countries, factors
associated with malnutrition are primarily responsible [12, 42, 43]. A more detailed description of the
main causes of SGA with special emphasis on those associated with nutrition is presented next.

Fig. 23.3 Prevalence of term and preterm SGAs in 4 regions. From Jabeen et al. [39]. Source BioMed Central, Open
Access

Table 23.1 Top 10 countries in number of small for gestational age (SGA) births per 100 live births in 2010

Rank Country Live births
2010

NMR
2010

Term
SGA

Preterm
SGA

Prevalence of
SGA (%)

1 India 27,000,000 33.1 784,626 12,800,000 46.9

2 Pakistan 4,700,000 36.1 166,798 2,228,094 47.0

3 Nigeria 6,300,000 40.2 124,225 1,503,750 23.7

4 Bangladesh 3,000,000 27.5 94,558 1,203,038 39.6

5 China 17,000,000 9.4 261,378 1,072,066 6.5

6 Indonesia 4,400,000 15.9 150,655 1,042,282 23.8

7 Ethiopia 2,600,000 32.4 42,297 838,014 32.1

8 Philippines 2,300,000 12.6 77,791 786,665 33.6

9 Democratic Republic of
the Congo

2,900,000 47.4 54,822 629,450 21.9

10 Sudan 1,400,000 31.5 30,237 595,244 41.7

NMR neonatal mortality rate per 1000 live births. From Lee et al. [4]. Reprinted with the permission from Elsevier
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Maternal Factors

Preeclampsia

Severe hypertension is one of the most common complications during pregnancy. Hypertensive
disorders are the second cause of maternal mortality worldwide, accounting for 18% of perinatal
deaths. During the second half of pregnancy, blood expansion may strain cardiorespiratory capacity
and translate into chronic high blood pressure. Hypertension affects placental irrigation and restricts
fetal growth. This disorder is associated with maternal micronutrient deficiencies, particularly calcium
and vitamin D, as well as with maternal overweight and previous hypertensive disorders. In a study
conducted by Rasmussen and Irgens [44], pregnancy hypertension explained 21.9% of preterm cases
of SGA and 2.5% of term cases of SGA [44].

Gestational Diabetes (GD)

Gestational Diabetes (GD) is defined as an elevated blood sugar with onset during pregnancy that
may or may not be resolved after delivery. It is a result of decreased insulin sensitivity and global
inflammation produced by the physiological changes associated with pregnancy. The most common
negative effect of this condition is large for gestational age offspring. Nevertheless, GD can also be
associated with SGA, since when poorly managed, it can cause vascular and renal complications
leading to FGR. Prepregnancy overweight and obesity are the main predictors of gestational diabetes.
Other risk factors for this condition include excessive pregnancy weight gain, history of GD, age, and
race or ethnicity [45].

Anemia

Anemia is defined as a low level of hemoglobin, which impairs oxygen transportation, and is one of
the greatest concerns among women of reproductive age (see Chap. 22). The causes of anemia are
diverse, including micronutrient deficiencies (iron, folate, vitamin B12, vitamin A, etc.) as well as
blood losses, such as those associated with menstruation and delivery. During pregnancy, anemia is
one of the greatest concerns for both maternal and child health. One of the negative consequences of
anemia during pregnancy is IUGR and SGA offspring. Potential explanations for this association are
the lack of tissue oxygenation that can lead to chronic hypoxia and oxidative stress, as well as an
increased production of norepinephrine related to iron deficiency, which, in turn, releases corticos-
teroids and restricts fetal growth. A recent meta-analysis found that moderate-to-severe maternal
anemia (Hemoglobin < 9 or < 8 g/dl) prior to delivery increased the risk of SGA by 53%, whereas
mild anemia was not associated with SGA [24].

Undernutrition

Multiple studies have demonstrated the effects of maternal chronic undernutrition on fetal growth.
A prepregnancy body mass index under 18.5 kg/m2 has been demonstrated to increase the risk of
SGA by 80% [46]. The biological mechanisms for this effect are not completely understood; however,
potential causes are nutritional deficiencies, placental insufficiency, and endothelial damage. It is
important to note that many women of reproductive age in developing countries suffer from micro-
and macronutrient deficiencies so that when they become pregnant, fetal growth and development and
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maternal health may be impaired due to inability to meet the increased physiological requirements.
Insufficient protein intake, inadequate weight gain, and lack of essential micronutrients such as iron,
folate, and calcium during pregnancy are some of the examples of undernutrition related to SGA.
Nutrition interventions during pregnancy, namely balanced protein energy supplementation in set-
tings where maternal undernutrition is common, are also important and have been shown to reduce
the risk of SGA (see Chap. 22); however, preconception interventions and fortification programs
(such as flour fortification with folic acid) may be equally necessary to address underlying defi-
ciencies. For example, low maternal height and BMI are associated with increased likelihood of SGA
offspring (Table 23.2) [41]. In this sense, low maternal height may be the result of chronic nutritional
deficiencies that sometimes go back many generations.

Toxins

Smoking, alcohol, drugs, and other toxins are among the main causes of IUGR and developmental
disorders. They impair cell division, may cause hypoxia, and increase oxidative stress. One of the
most important factors associated with IUGR is maternal smoking. Rasmussen and Irgens [44] found
that maternal smoking explained 12% of SGA among both preterm and term births after controlling
for hypertensive disorders [44]. This adds to the body of evidence supporting an association between
smoking and growth restriction. Particularly, smoking during the second and third trimester of
pregnancy has been shown to significantly decrease fetal growth and increase the likelihood of
adverse pregnancy outcomes. This has been attributed to a decrease in the amount of oxygen
available for the fetus and, more recently, to epigenetic changes generated by changes in the
methylation patterns, which in turn affect the expression of certain genes associated with fetal growth
and development [47, 48].

Placental Factors

Malformations or complications related to the placenta are also important causes of SGA. Examples
include placenta previa, abnormal thromboblast invasion, and umbilical or placental vascular
anomalies. These conditions impair the supply of oxygen and nutrients to the fetus and consequently
restrict growth [49].

Table 23.2 Maternal nutritional risk factors for small for gestational age births

OR (95% CI) Height < 145 cma BMI < 18.5 kg/m2 b BMI > 25 kg/m2 c

SGAc 2.12 (1.88, 2.39) 1.60 (1.45, 1.77) 0.67 (0.55, 0.83)

Term SGAd 2.20 (1.94, 2.50) 1.71 (1.52, 1.92) 0.67 (0.55, 0.83)

Preterm SGAd 1.38 (1.15, 1.65) 2.39 (1.69, 3.39) 0.60 (0.38, 0.96)

OR odds ratio; CI confidence interval; AGA appropriate for gestational age
aRelative to ≥155 cm
bRelative to 18.5–25 kg/m2

cRelative to AGA
dRelative to term AGA
From Jabeen et al. [39]. Source BioMed Central, Open Access
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Fetal Factors

Conditions inherent to the fetus are also related to SGA. For example, genetic abnormalities or
malformations, multiple gestation, and intrauterine infections such as malaria or HIV are important
causes of SGA worldwide.

Symmetric and Asymmetric SGA

An important consideration is that two different types of SGA have been identified and their etiology
can vary significantly [50, 51]. This classification reflects body proportions and time of onset.
Symmetric SGA occurs when growth restriction affects weight, length, and head circumference. This
type of SGA often occurs during the first trimester and is commonly caused by viral infections,
inherited abnormalities, and chemical exposure. The prognosis of symmetric SGA is worse than that
of asymmetric SGA [50]. In asymmetric SGA, weight and length are affected, but head circumference
remains unaffected; its onset is common during the second or third trimester. The most common cause
of asymmetric SGA is nutritional deficiencies during the second trimester and third trimester.
Asymmetric SGA is also most prevalent in LMIC [50].

SGA and Mortality

Small for gestational age has been correlated with fetal and perinatal death in several studies from
both developing and developed countries [21]. For example, Frøen et al. [52] reported in 2002 that
growth restricted fetuses were seven times more likely to suffer from unexplained sudden death
compared to AGA. There is a direct association between the severity of growth restriction and the risk
of fetal death. Moreover, SGA infants are at higher risk of perinatal death independently of gestational
age, prematurity, low birthweight, or type of growth restriction (symmetric or asymmetric). In fact,
intrauterine growth retardation is the main risk factor for perinatal mortality and morbidity in
developing countries. In terms of infants, SGA is associated with increased risk of complications
during the first 24 h of life, such as fetal academia, seizures, sepsis, and neonatal death. In preterm
children, the incidence of ventricular hemorrhage and respiratory distress is associated with severe
growth restriction (<3% percentile) [53]. Due to these complications and the increase in the risk of
being stillbirth, it has been estimated SGA infants have a higher risk of perinatal mortality. In a large
meta-analysis which included almost 2 million babies from 20 cohorts in Asia, Africa, and Latin
America, Katz et al. (2013) [23] quantified the risk of neonatal mortality among SGA (<10th per-
centile) and very SGA (<3rd percentile) as two and four times that of AGA infants, respectively
(Fig. 23.4). The overall relative risk of neonatal mortality and post-neonatal mortality was 3.12 and
2.85, respectively (Fig. 23.5). Using the above information, Black et al. [41] estimated that the deaths
of 817,000 neonates (32.6% of all neonatal deaths and 11.8% of total deaths of children <5 years)
could be attributed to SGA in 2011.
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Fig. 23.4 Relative risk of neonatal mortality associated with small for gestational age in developing countries. From
Katz et al. [23]. Reprinted with the permission from Elsevier

Fig. 23.5 Relative risk of mortality during early neonatal, neonatal, and postnatal periods in developing countries.
From Katz et al. [23]. Reprinted with the permission from Elsevier
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SGA and Morbidity

Short Term

As mentioned before, SGA increases risk of morbidity during the first 24 h of life in both preterm and
term babies; chronic lung disease [54], sepsis, necrotizing enterocolitis, intraventricular hemorrhage,
and higher risk of being intubated are a few of the neonatal complications of SGA. Nonetheless,
Chauhan et al. [55] followed a cohort of 11,487 births and demonstrated that early detection of FGR
by Doppler technique before the 22nd week of gestation may contribute to the prevention of neonatal
morbidity, especially in preterm births. This can be achieved through the implementation of early
interventions such as those designed to address maternal morbidity (preeclampsia or otherwise),
improve maternal nutrition through supplementation or dietary advice, and/or reduce exposure to
environmental contaminants or toxins. Among preterm offspring where SGA was detected prenatally,
the risk of complications measured by a composite neonatal morbidity score (including thrombo-
cytopenia, respiratory distress syndrome, sepsis, grades III or IV intraventricular hemorrhage,
necrotizing enterocolitis, or neonatal seizure) was about 10 times lower compared to prenatally
undetected SGA. It is important to note that among the 8% of the offspring born SGA, only 25% were
prenatally detected. These results outline the importance of early detection of SGA for timely
intervention and prevention of neonatal complications [55].

Finally, being born SGA is also associated with an increased risk of childhood stunting and
wasting, which in turn has been associated with increased morbidity and mortality [56]. Using data
from 19 large cohorts, Christian et al. [57] estimated a risk attributable to SGA of 20% for stunting
and 30% for wasting, and SGA infants were 2–5 times more likely to be wasted, stunted, or
underweight at 5 years of age compared to those born AGA. Further, children who were born both
preterm and SGA had the greatest risk of these consequences.

Long Term

During the last decade, the focus on SGA has shifted from the treatment of short-term consequences
to the study and prevention of its long-term consequences. The biological basis for the association
between SGA and its metabolic consequences has been summarized in the theory of the “fetal origins
of adult disease” [58]. During early development, the ability of the fetus to adapt to environmental
conditions, or plasticity, is most efficient. After this period of developmental plasticity, the functional
characteristics become fixed. IUGR appears to alter gene expression through changes in DNA
methylation, thus affecting metabolic programming. In other words, gene expression adapts to an
adverse and restrictive environment during the plasticity period, which may not correspond with
postnatal and long-term exposures.

This phenomenon is also known as the “thrifty phenotype” or “the Barker Hypothesis,” as it was
first postulated by British physician David Barker, who conducted a study of 5654 men born between
1911 and 1930 in six districts of Hertfordshire, England. Results from this analysis, which was
published in 1989, show an association between birthweight and death from ischemic heart disease in
adulthood [58]. Another study supporting the increased risk of cardiovascular disease among indi-
viduals born SGA was conducted in Helsinki, Finland, a country where adult health records include
information on prenatal and birth characteristics. The Helsinki Birth Cohort Study of 1934–1944
included 13,345 individuals born at two hospitals in this city. In this cohort, impaired fetal growth
was associated with hypertension, coronary heart disease, and type 2 diabetes during adulthood [59].
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More recently, the Consortium of Health-Orientated Research in Transitioning Societies
(COHORTS) investigators’ initiative [60] was formed with the objective to bring together and
analyze all the information available from long-term studies in low- and middle-income countries.
Five longitudinal studies met the criteria and were included: the 1982 Pelotas (Brazil) Birth Cohort
Study [61], the Institute of Nutrition of Central America and Panama Nutrition Trial Cohort (INTC;
Guatemala) [62], the New Delhi Birth Cohort (India) [63], the Cebu Longitudinal Health and
Nutrition Survey cohort (CLHNS; Philippines) [64], and the Birth-to-Twenty (Bt20;
Soweto-Johannesburg, South Africa) cohort [65]. An analysis of pooled data from these studies
showed that in these low- and middle-income settings, being born preterm or SGA was associated
with persistent deficits in adult height and schooling but not with increased blood pressure or blood
glucose concentration [66].

Three main physiologic adaptations have been reported among SGA newborns to explain the
negative long-term consequences: diminished capacity of important organs, for example, the kidney;
altered hormonal responses, which may become evident early in life through alterations in the pattern
of puberty, which include premature adrenarche and menarche, and polycystic ovarian syndrome; and
decreased resilience to adverse outcomes, such as altered response to stress manifested through
increased cortisol in blood. These alterations are associated with increased risk of obesity, type 2
diabetes mellitus, dyslipidemias, insulin resistance, and hypertension, which ultimately lead to the
onset of cardiovascular disease [67, 68].

SGA and Development

Child Development

The developmental consequences of both preterm birth (before the 37th week of gestation) and low
birthweight (<2500 g) have been extensively studied; however, until the last two decades, the impact
of being born SGA had barely been explored, especially among infants born to term and heavier than
2500 g. In addition to all the negative physical and metabolic consequences of SGA, deficits in
cognition and intellectual development have been reported among children born in the lowest per-
centiles of weight per gestational age [69]. De Bie et al. [70] reviewed over 25 observational studies
reporting on the association between SGA and cognitive outcomes during childhood and adolescence
(Table 23.3). Despite a large variability in the definitions, over 90% reported lower intelligence
quotient among children classified as SGA compared to the controls. Some of these studies also
reported decreased language, spatial and constructive, motor, and learning skills, as well as decreased
executive function and attention.

These associations were consistent among both preterm and term SGA infants. An example of a
study of the effects of SGA on cognitive development during the preschool years is the one conducted
by Sommerfelt et al. [82, 83] in a cohort of Norwegian children. At age 5, children who were born
SGA (<15th percentile) scored in the full cognitive scale 4 IQ points less when compared to
age-matched controls who were born AGA. A smaller effect of 3 points was found for verbal IQ.
Another example, supporting the importance of birthweight for long-term development among
schoolchildren from a developing country, is the longitudinal analysis conducted by Torche and
Echevarria in Chile [98]. They reported that a 400 g higher birthweight within twin pairs was
associated with a 15% higher math score at 9 years of age. The twins participating in this study had
an average birthweight of 2500 ± 490 g.
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Long-Term Performance

The negative impact of SGA on health and development supports the theory that IUGR may impair
long-term cognitive performance and educational and economic outcomes. However, few studies
have assessed the long-term implications of SGA on human capital and educational attainment in
adulthood. A unique example from a developing country was the analysis by Li et al. [99, 100] in
Guatemala, where the authors reported no association between size at birth (not necessarily SGA) and
women’s educational achievement. More recently, Helgertz and Vagero [101] assessed the relative
risk of applying for a disability pension in a sample of over 8000 men and women from the
Stockholm Birth Cohort, which was established in 1953. For this study, participants who were not on
disability pension were enrolled in 1990 and followed prospectively until 2009 when the hazard of
disability pension was calculated. Participants who were born with asymmetric SGA had 68% higher
risk of starting disability pension during the time of the study compared to those born asymmetric but
adequate size for gestational age.

Conclusions

Until recently, the study of SGA and its consequences have been very limited, especially in devel-
oping countries. This is partially explained because of the complications to adequately identify
children with SGA. Traditionally, studies and interventions have focused on the study and prevention
of low birthweight as a marker of IUGR, because it only requires a measurement of weight at birth,
not an assessment of gestational age (preferably during the first trimester using ultrasound). However,
this leaves out an important proportion of children who are born heavier than 2500 g but still too
small for their gestational age. Fortunately, the resources available to assess SGA and the interest of
the international community in doing so have significantly increased in the last decade. Technological
advances have improved the ultrasound technology, and more affordable and portable devices, which
could be used in some low-resource settings, are being developed. This would need to be combined
with efforts to promote early prenatal visits and provide adequate health care from the first trimester of
pregnancy. The recently released International Fetal Growth Standards are a major advance that will
facilitate the screening and estimation of SGA in developing countries. It is imperative to continue the
study of the short- and long-term consequences of SGA. For example, a large body of evidence
suggests an important link between SGA and cardiometabolic alterations that lead to chronic diseases.
These latest findings support the great need of addressing the different factors that lead to SGA as well
as integral policies to improve women’s health in developing countries. These interventions also have
the potential to reduce the numerous child deaths that can be attributed to SGA.

Beyond all the metabolic complications, research supports a detrimental effect of SGA on cog-
nition during infancy and childhood. This impact on development is related to the rapid growth and
development of the brain during fetal and first two years of life, which also suffers from the insults
that cause SGA, such as poor maternal nutrition and toxic substances. A more in-depth discussion of
these issues is presented in Chap. 24: Developmental Disabilities. Intrauterine growth retardation in
these children translates into lower IQ and motor skills. In long term, these deficits translate into
economic and human capital losses.
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Discussion Points

• Discuss potential challenges assessing SGA in developing country settings. What would be the
consequences of utilizing inaccurate methodologies and misclassifying newborns with SGA in
(a) a clinic in a developing country, (b) a public health intervention trying to prevent SGA,
(c) national estimates for comparison across different countries?

• What is the difference among low birthweight, SGA, and preterm birth? Discuss their intersections
in term of diagnosis, interventions, and potential complications.

• Select a low- or middle-income country and obtain its WHO country profile. Discuss potential
causes of SGA in this particular setting.

• Discuss the potential impact of the increased mortality associated with SGA in low- and
middle-income countries. Identify the regions most at risk and describe the factors associated with
this problem.

• Elaborate the consequences throughout the life span of being born as an SGA infant in a low- or
middle-income country. Discuss the impact of these consequences for the individual, family,
community, and country.
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Introduction

Overview

This chapter defines developmental disabilities (DDs) as distinct from disabilities. The
“Epidemiology” section discusses the epidemiology of DD in LMICs. Although prevalence data for
DD in LMICs are still scarcely available, the past two decades have contributed improved estimates
of the burden of DD in LMICs. The occurrence of DD in LMICs is likely greater than that in
industrialized countries, but cultural perceptions and beliefs that tend to conceal DD and limited
resources prevent collection of accurate data. The “Etiology of Developmental Disabilities” section
highlights research in genetics and genomics and the dramatic influence of the interplay between
genes and the environment. Increasing research on gene-environment interaction has the potential to
improve prevention of DD. The “Nutritional Implications for Developmental Disabilities” section
discusses nutritional implications for developmental disabilities in LMICs with emphasis on the
tremendous influence poverty plays. The “Specific Considerations for Selected Developmental
Disabilities” section describes a few selected DDs followed by feeding/nutritional problems particular
to that developmental disability and the probable resultant growth deviants. The “Sociopolitical,
Policies, and Conventions Adopted by Countries Regulations like Americans with Disabilities Act
(ADA)” section discusses two conventions that have been signed by almost every country. Finally,
the “Outcomes” section is devoted to morbidity and mortality of children with DD in LMICs, again
emphasizing the influence a lack of resources has on their outcomes relative to education and
employment.

Definition of Disabilities and Developmental Disabilities

Disability is a very broad term that is defined quite differently by different governmental agencies.
Disability includes any impairment in an individual’s ability to function; it may be physical, mental,
or emotional, or any combination of these. Many types of chronic diseases and/or complications that
develop from them may also qualify as a disability. Therefore, disability may be present at birth or
may occur any time during a person’s lifetime. The prevalence of disability increases with advancing
age. Disability may include restriction in participation, and therefore, it not only describes the
limitations a person’s body may impose but also reflects features of the environment that limit
unassisted participation. Thus, disability is a complex term.

The concept of “disability” has changed over time and continues to evolve. In earlier times and
even today in some cultures, those who have a disability were shunned, neglected, or estranged from
society. In the past several decades, there has been a dramatic shift away from using a medical model
in viewing individuals with a disability toward using a functional model, and most recently, indi-
viduals with a disability are viewed from a social perspective. From a medical model, the disability is
considered the result of a disease, trauma, or health condition that medicine can cure, fix, or at least
ameliorate. The focus is on the condition of the individual. The basis of the disability is a
derangement of anatomy, physiology, or biochemistry due to disease or damage. Individuals with
disabilities are ill or are abnormal and must be treated or “fixed” by a care provider. The disability is
viewed in categorical terms (i.e., multiple sclerosis, blindness, or heart disease), and social programs
have been established purely based on categorical labels rather than the degree of severity or func-
tional limitations. On the other hand, the functional model of disability focuses not on the particular
diagnosis but instead on the individual’s limitations or deficits. Regardless of what condition a person
has, it is the degree of impairment that is most important; in effect, it is the degree to which function is
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interrupted or limited. It is the expression of the disability that is addressed, and thus, the approach is
to improve functional capacity. This is the model incorporated and clearly stated in Section 223 of the
US Social Security Act that defines disability as the “inability to engage in any substantial gainful
activity by reason of any medically determinable physical or mental impairment” [1].

The social model diverts the attention from the individual and places the focus on the barriers in
the environment that inhibit the ability of people to function without assistance. If the environment is
made more accessible, the consequences of the medical condition or functional impairment are
lessened. The social model includes social, physical, economic, and political dimensions. Removal of
these barriers is difficult and often requires costly environmental modifications, policy changes,
governmental financial outlays, employer acceptance, work-site adjustments and, the particularly
important, but difficult, shift in public perception and ideally the acceptance and respect of diversity.

The American with Disabilities Act (ADA) is one of only very few pieces of legislation worldwide
based on the social model of disabilities [2]. This act provides equal protection for employment,
access to state and local governmental programs and services, and access to services of private
businesses that are open to the public. The ADA definition of disability emphasizes limitations of
function of daily life activities such as seeing, hearing, speaking, walking, breathing, and performing
manual tasks, learning, caring for oneself, and working. It encompasses those where the limitation is
currently or previously present and includes individuals who do not consider themselves disabled but
whom others may regard as having limited functional abilities. This last inclusion addresses the
perceptions of others based on a person’s outward appearance, not on what functional abilities the
individual may actually have.

These three different models of disabilities are germane to how individuals with disabilities are
cared for in countries where resources are limited. For example, a child with a categorical diagnosis of
cerebral palsy (CP) may have only minimal impairments (awkward skipping or jumping) to severe
functional limitations (unable to care for any self-needs and requires around-the-clock total care that
may include gastrostomy feedings). The medical “fix it” approach varies tremendously from virtually
doing nothing, which may be based on a cultural belief system or limited resources, to extensive
surgical interventions where cultural norms are different and where resources are plentiful, either from
the family or from the state. The functional approach is to administer physical and occupational
therapies and bracing with ankle and/or foot orthotics. The aspects of the social model are addressed
through environmental changes such as ramps, toilet stalls sufficient to accommodate a wheelchair,
and societal promotion of acceptance and respect of diversity.

Few families can afford the expense of caring for the child with severe CP and hence depend on
governmental aid for in-house assistance and environmental alterations. Low- and
low-middle-income countries cannot afford to utilize scarce resources on a few when the needs of so
many are great. Hence, most of these countries address disabilities using a medical or functional
model. The social model will only be incorporated when the political will supports it and economic
circumstances allow it.

The concept of developmental disability (DD) is defined more narrowly. In the US Developmental
Disabilities Assistance and Bill of Rights Act of 2000, DD is defined as a severe, chronic disability
that can be mental or physical or a combination of the two; that manifests itself prior to age 22, is
likely to be permanent, and results in a substantial limitation in three or more of the specific areas
(self-care, receptive and expressive language, learning, mobility, self-direction, capacity for inde-
pendent living, and economic self-sufficiency); and that requires a combination of interdisciplinary
services for an extended period of time that may be lifelong [3].

Despite the shift in models of disability and the general agreement that both medical and social
determinants should be included, the measurement of disabilities continues to be predominately
medical with a focus on physical and mental impairments. Just as different agencies in the USA use
different definitions of disabilities, so do other countries. The World Health Organization
(WHO) developed an International Classification of Functioning Disability and Health (ICF) [4]. This
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classification views disability based on the body’s structure and function in terms of the person’s
activity and participation in society while also considering the environment in which the person
functions. The ICF was originally designed for adults, but then the WHO developed a corollary
system for children termed: International Classification of Functioning Disability and Health for
Children and Youth (ICF-CY) [5].

Epidemiology

Prevalence of Developmental Disabilities in Low-Income
and Middle-Income Countries (LMICs)

Data on the prevalence of DD among children in LMICs are essential for developing prevention
policies, allocating resources, and improving the quality of life for individuals with DD [6]. Yet
prevalence data are still in scarce supply for LMICs, even almost 15 years since Durkin published a
review on the epidemiology of DD in low-income countries that included an evaluation of the state of
prevalence studies at that time [7]. We will use Durkin’s review as a beginning and then briefly
update the progress in obtaining prevalence data of DD in LMICs. All prevalence data are sum-
marized in Table 24.1.

Durkin made a point of stating that prevalence of DD in low-income countries would be expected
to be lower than that in other countries since mortality in infants with birth defects and children with
DD is high [7]. She then went on to summarize studies in low-income countries reporting overall DD
prevalence and condition-specific prevalence of intellectual disabilities (IDs), seizure disabilities, and
other disabilities. In one comparative study using the same study design in several countries, a wide
range of prevalence for serious non-sensory disabilities (serious cognitive, motor, or seizure dis-
abilities) among children 2–9 years of age was observed, from a low of 0.8% among children in
Bangladesh to 1.9% in Jamaica and 3.1% in Pakistan [8]. For serious ID, the estimated prevalence in
low-income countries considered by Durkin in 2002 among children ranging from 0 to 15 years was
consistently above 0.5% the only exception being the 0.29% reported for Beijing [7]. With respect to
seizure disorders, Durkin reported prevalence of epilepsy in children ranging from 0.6 to 1.5% based
on the data available from studies at that time [7]. Concerning other disabilities in children, Durkin’s
evaluation demonstrated there were few data on vision, hearing, and motor disabilities and concluded
that prevalence studies on behavior disabilities such as autism and attention deficit/hyperactivity
disorder (ADHD) had not been done.

It is fair to say that prevalence data on overall disability among children in LMICs are more readily
available now than 15 years ago, but methods of data collection still vary widely and there is a dearth
of prevalence data on specific developmental disorders. In the most comprehensive review of
childhood disability in LMICs through 2007, the prevalence ranged from 0.4% in Bahrain to 12.7%
in India (low-income strata) among 8 cross-sectional studies reporting overall disability in children
[9]. Some more recent studies obtained similar prevalence data. For example, the World Report on
Disability reported prevalence of combined moderate and severe disability in 0–14-year-olds ranging
from 4.2 to 6.4% across World Health Organization regions [10]. Two additional studies in rural
Africa and rural Pakistan present prevalence of disability at 6% among children <10 years of age and
0.5% among children 0–5 years of age [11, 12].

Other recent investigations have attempted to apply validated methods of data collection on
disabilities in multiple settings [6, 13]. Gottlieb and coinvestigators applied the 3rd round of the
Multiple Indicator Cluster Survey, which includes the Ten Questions Screen (TQS) (Table 24.2) for
disability, in a study that included over 191,000 children aged 2–9 years living in 18 LMICs and
found a median prevalence of 23% for those screening positive for the presence of a disability [13].
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The questionnaire screened for functional limitations in the domains of speech, cognition, hearing,
vision, seizures, and motor disorders. The indicator for disability was based on the household
screening of the parents’ perceptions of their child using the TQS, which was adapted for use in
resource-poor settings.

Utilizing the same TQS, Bornstein and Hendricks reported data on more than 101,000 children
aged 2–9 years living in 16 developing countries [6]. The percentage of children who screened
positive for at least one disability was 20.4% across all countries, with a range of 3.1% for Uzbekistan
to 45.2% for the Central African Republic.

With respect to individual developmental disorders, we chose to focus first on CP and epilepsy
since there are a reasonable number of studies across various ages that report prevalence for these
disorders. With respect to CP, the reported prevalence ranged among three studies in LMICs from 0.1
to 1.0% [11, 12, 14]. The low of 0.1% was reported for 0–5-year-olds in a rural area of Pakistan [12]
and the high of 1.0% among children <10 years of age in rural KwaZulu-Natal, South Africa [11].
A review of data on CP from resource-poor settings worldwide included a prevalence of 0.3% among
over 388,000 children 0–7 years of age in China during 1997 and 0.2% among almost 17,000
children aged 0–19 years in India during 2003–2004 [14].

The prevalence of epilepsy has been reported at similar levels to CP in three studies [7, 11, 15].
The prevalence estimates are related to the ages reported in these studies. They range from 0.4% for
seizure disorders in children <10 years of age in KwaZulu-Natal [11] through 0.6% for active
epilepsy among children 0–19 years of age in a rural community of Guatemala [15] to 1.5% as the
upper range of prevalence reported by Durkin in 2002 for low-income countries [7].

Interest in autism has risen in recent years as data indicate that the prevalence is higher than it was
thought to be in the past. But what data exist for LMICs concerning the prevalence of autism? The
most recent review of prevalence data worldwide indicates there are no data yet available for any
low-income countries [16]. However, the same report indicates that several studies exist for
middle-income countries. Estimates are reported for pervasive developmental disorders (PDDs) in 4
middle-income countries and for autistic disorder in 3 middle-income countries. For PDD, estimates
ranged from a low of <0.1% in a country-wide study of children age 5 years conducted in Iran and
published in 2012 to a high of 1.1% for children 1.5–2.0 years of age in a semiurban area of Sri
Lanka published in 2009 [16]. Interestingly, the estimate from Sri Lanka is somewhat higher than that
reported in the same year by the Centers for Disease Control and Prevention (CDC) for 11
surveillance sites in the USA, which was 0.9% [16]. The data for autistic disorder do not show as

Table 24.2 The Ten Questions Screen (TQS) for childhood disabilities in children aged 2–9 yearsa

The Ten Questions Screen for childhood disabilities

1. Compared with other children, did the child have any serious delay in sitting, standing, or walking?
2. Compared with other children, does the child have difficulty seeing, either in the daytime or at night?
3. Does the child appear to have difficulty hearing?
4. When you tell the child to do something, does he/she seem to understand what you are saying?
5. Does the child have difficulty in walking or moving his/her arms or does he/she have weakness and/or stiffness in

the arms or legs?
6. Does the child sometimes have fits, become rigid, or lose consciousness?
7. Does the child learn to do things like other children his/her age?
8. Does the child speak at all (can he/she make himself/herself understood in words; can he/she say any recognizable

words)?
9. For 3–9-year-olds ask:

Is the child’s speech in any way different from normal (not clear enough to be understood by people other than
his/her immediate family)?

9. For 2-year-olds ask:
Can he/she name at least one object (e.g., an animal, a toy, a cup, and a spoon)?

10. Compared with other children of his/her age, does the child appear in any way mentally backward, dull, or slow?
aStein et al. [131]
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much variance as those for PDD. Prevalence estimates for autistic disorder include 0.1% in a 1992
study that included 5120 children ages 4–7 years in Indonesia and 0.2% in a study published in 2008
including almost 255,000 children ages 3–9 years living in Venezuela [16]. The study by Elsabbagh
and colleagues also reported data for 9 studies in China published from 2000 to 2009. The Chinese
studies were consistent with each other despite the different diagnostic criteria that were utilized,
reporting prevalence of autistic disorder at 0.1–0.2% [16].

Why the Discrepancies

Data on the prevalence of disabilities are scanty in low- and low-middle-income countries, and the
results are dependent on the questions asked, who they are asked of, and the way they are asked by
the interviewer and interpreted by the respondent. In some societies, children with disabilities are kept
at home and parents do not disclose their conditions, and hence, they may not be reported. Surveys
that are done through the schools miss many of the children with DD as many do not attend school.
But if they do, the staff may not recognize the disability and do not report anything. These factors are
potential contributors to underestimation of prevalence in LMICs.

The TQS was originally designed to improve data collection on disabilities worldwide and be
applied across cultures and national boundaries. It has been used widely and validated in multiple
studies as a method of screening for serious childhood disabilities [13]. What is clear in recent studies
that have applied the TQS methodology is that the percent of children screening positive for a
disability varies widely among participating countries [6, 13]. We still do not understand how much
of this variation represents real population differences and how much reflects the influence of factors
such as those described above. It must be emphasized again that the TQS is a screening tool and,
therefore, not diagnostic, i.e., children who screen positive have an increased risk of having a
disability [6]. Thus, the prevalence data using the TQS provide estimates of the potential needs in
LMICs for resources and services to assist these children and their families.

Cultural Perceptions on Developmental Disability

Cultural perceptions on disability vary among and within societies and can contribute to variability in
outcomes for individuals with disabilities. Higher income countries have changed their approach to
disability in the last 50 years, and the World Health Organization (WHO) actively pursues an agenda
to make all nations recognize and value the human rights and societal contributions of individuals
with disabilities [10]. The goal is to change the existing cultural perceptions on disability that inform
policy and interventional approaches.

The societal values propagated by cultural perceptions are rooted in the primary guiding principles
that are fundamental to all aspects of any culture. These guiding principles can be classified into one
of the three “Big Ethics” that emphasize the importance of autonomy, community, or divinity within
that culture [17, 18]. These Big Three Ethics guide the development of concepts of justice, morality,
and causality [17]. Embracing one ethic rather than another will drive individuals in that culture to
value life differently and change their approach to issues such as children born with DD. These
cultural values affect the types of prevention programs and early interventions that are implemented to
change the developmental trajectories and outcomes for children with DD in LMICs [19]. These
ethics are grounded in a societal value and belief system that propagates into multiple aspects of life,
including health-related concerns. Understanding how to approach and initiate change within a
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culture requires an understanding of its central belief structure; the most salient approach to man-
agement of disease is to understand the cultural perceptions of justice, diversity, human value, and
etiology.

Etiology

Cultural perceptions and the beliefs of disease etiology and health management have a direct impact
on the types of policies and intervention programs that are or can be implemented in LMICs. Human
beings will often rationalize negative events in their life by attempting to determine the cause or the
source of blame to provide perspective or a reason for the “suffering” [18]. The manner in which
disease etiology is rationalized is based on a cultural causal ontology drawn from the ethic driving
that society’s value and structure. One can summarize the health-related causal ontologies applied to
the etiology of disease into four overarching groups: biomedical, personalistic, naturalistic, and moral
source of suffering [18]. Western societies and medicine are heavily rooted in the biomedical
ontology of disease etiology, rationalizing that there is a biological process or other material
explanation for the incidence of the illness. Personalistic approaches intimate an identifiable and
intentional source for the infliction, which could be the result of attacks on the individual performed
by witches, ancestors, spirits, or deities. Naturalistic approaches relate to an “equilibrium” model
wherein an action or element has caused an imbalance, which either needs to be corrected or has
opened a path for the illness to enter [20]. Lastly, moral ontologies are rooted in the belief that illness
is punishment or penance for behaviors of the individual affected. Many cultures operate with some
combination of the four approaches. How a culture views the reason for developmental disability will
substantially affect how that society will manage the diagnosis, prevention, and treatment of the
condition, since cultural beliefs and societal values have been shown to affect adherence [21, 22] and
the sustainability [23] of Western-based approaches to health care.

Interestingly, individuals are likely to seek biomedical intervention regardless of the perceived
causal ontology applied to explain etiology in conjunction with other therapies [18]. Recognition,
acceptance, and incorporation of cultural beliefs on disease etiology and disease management,
including the involvement of traditional healers, in any approach to prevention and management of
DD are critical to ensuring the success of any program or policy. Paying homage to cultural
approaches into care management plans will increase adherence, enhance communication, and
improve sustainability of prevention and intervention programs [24, 25].

Etiology of Developmental Disabilities

Genetics and Genomics

A decade ago, one textbook on the genetics of DD led to chapters introducing concepts, subfields,
programs, and animal models in medical genetics followed by chapters on classical examples of
various syndromes with DD and related topics, including ADHD and CP (see definitions in the
“Specific Considerations for Selected Developmental Disabilities” section) [26]. It could be easily
argued that every topic covered in that textbook has been dramatically influenced, if not changed, as
the pace of discovery in genetics has been unprecedented since the completion of the Human Genome
Project some dozen years ago. Some of the rapid development has been the result of innovations in
technology, but the application of the technology in new ways to discover the genetic causes of DD
has been equally impressive. We will only be able to offer a summary to highlight what this research
has contributed to the field of DD.
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According to one review, three major technical advances in molecular genetics and their appli-
cation to identifying genes and genotyping individuals for these newly identified genes have con-
tributed significantly to child development research since the late 1990s [27]. These include
genome-wide association (GWA) studies, now the dominant method for “finding genes,” as Plomin
puts it, and for genotyping the use of microarrays and the relatively new technology of whole-genome
sequencing. These same techniques have impacted research on the genetics of DD, exemplified by
two recent reviews [28, 29]. Coe et al. [28] suggest there has been a convergence regarding the
genetics of the multiple conditions that comprise neurodevelopmental disorders. According to Coe
et al. [28], many of these conditions, such as autism, epilepsy, and intellectual disability, have
evidence of high heritability (i.e., high estimated genetic variance), yet few specific gene variants are
associated with them. So, as a consequence of this missing heritability problem, research has shifted
to rarer forms of genetic variation like copy number variants (CNVs), to fill the gap. These CNVs
occur when an individual has variable copy numbers of a genetic variant, even a small segment of
DNA, compared to the reference number in the human genome. Some do not contribute to phenotypic
variation, but others have been linked to human diseases, including DD. There is now ample evidence
that large CNVs, although rare individually, but considered together relatively common, are shared
across many neurodevelopmental disorders, some found in specific conditions and others shared
among several conditions and other phenotypic conditions [28]. The sharing of specific genetic causes
such as CNVs among conditions that have always been considered separate clinical entities, as well as
the extensive co-occurrence of neurodevelopmental disorders, has led some to propose the concept of
developmental brain dysfunction to describe the underlying basis of these conditions [29].

What are the implications of the current research in genetics and genomics for low- and
middle-income countries (LMICs)? Since the causes of DD are quite heterogeneous, some have
assumed in the past that environmental factors such as infectious diseases and suboptimal nutrition
might outweigh the importance of genetic factors in low-income countries; however, as Durkin [7]
states, the evidence suggests otherwise. If it is true that genetic factors in the etiology of DD are more
common in LMICs than in other locations, it may very well have an environmental basis after all, as
environmental exposures certainly have been implicated in de novo mutations and could interact with
genetic causes such as CNVs during development.

Environmental Exposures

Almost fifteen years ago, a comprehensive review of the epidemiology of DD in low-income
countries listed the especially relevant environmental risk factors under five categories: nutritional
deficiencies, infectious diseases, environmental toxins, perinatal and neonatal factors, poverty and
trauma, or combinations of those factors [7]. The global food crisis continues to be a major concern as
a contributor to the occurrence of DD in LMICs [30]. Malnutrition is indicated by Durkin and
Gottlieb [30] as both a causal and risk factor for DD, as we describe elsewhere in this chapter and as
presented by other investigators [7, 9]. More recent reviews have emphasized the same environmental
factors, but have stressed the effects on development associated with intrauterine growth restriction
and stunting as well as psychosocial risk factors such as inadequate cognitive stimulation, maternal
depression, and exposure to violence [31]. Others have emphasized the effects of maternal stress [19]
and of poor hygiene and sanitation [32]. Studies have documented thoroughly the effects of envi-
ronmental toxins such as lead, mercury, and polychlorinated biphenols on development and less so
the effects of other heavy metals, solvents, and pesticides [32]. Their effects may be exacerbated in
LMICs where there are fewer environmental regulations. For example, many pesticides that are
banned in high-income countries are still being used in many LMICs [33].
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Evidence for Gene-Environment Interactions

The concept of gene-environment interaction (GxE) has existed in genetics and been studied in plants
and animals for many years, but only recently has it been investigated in human diseases. In terms of
disease, a GxE is the contribution to variation in the risk of disease or some outcome of the disease in
which the combination of an environmental factor, such as exposure to cigarette smoking, with a
specific genetic factor, such as a disease-predisposing mutation or gene variant, results in significantly
increased risk or severity for the disease in question. It has been proposed that there are historically
two concepts of GxE, the first being the statistical measure of an interaction effect and the other being
a concept that reflects the developmental process during which there is interplay between genes and
environmental exposures [34]. Both concepts are important, as ultimately any demonstration of GxE
statistically has to be studied more thoroughly in terms of development. There is ample evidence of
what we will call “developmental thinking” in recent assessments of genetic and environmental
factors in DD [35].

Ten years ago, one of us (FJM) predicted that research into gene-environment interaction and
intellectual disability would be an area of major expansion during the next two decades [36].
Although we are just at the halfway point of the two decades, recent literature searches suggest the
expansion has begun, albeit not at the fast pace of studies of gene-environment interaction in general.
Figure 24.1 shows the dramatic increase by decade in the number of publications addressing GxE in
contrast to the numbers for GxE combined with DD.

We are beginning to observe more attention to the hypothetical importance of GxE in specific DD,
notably autism, as well as research studies demonstrating interactions [37]. A few recent studies have
reported GxE interactions for autistic traits or risk of autism. One study reported GxE effects as a
significant source of variation in autism spectrum disorder (ASD) symptoms among children with
ADHD [38]. In this report, two specific genotypes, one for the catechol-O-methyltransferase gene and
the other for the serotonin transporter gene, each interacted with maternal smoking during pregnancy
to increase stereotyped behavior and increase problems in social interaction, respectively. Another
study in northern California has reported evidence of gene x diet interactions with respect to autism
risk [39]. Women who had not taken prenatal vitamins were found to have a greater chance of having
a child with autism if the mothers had a specific genotype of the 5,10-methylenetetrahydrofolate
reductase (MTHFR) gene which is involved in folate metabolism. In the same study, children with a
specific genotype of a different gene, the catechol-O-methyltransferase gene, had a greater chance of
developing autism if their mothers had not taken vitamins during pregnancy. The gene x diet
interaction is shown in Fig. 24.2. Since there is evidence that the frequency of these mutations in the

Fig. 24.1 Increase in the number of publications
on gene-environment interaction (GxE) for
searches excluding neurodevelopmental disorders
(NDDs) and searches including NDD only (blue
line) by decade: 1950 through 2014
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general population is high [39], some have hypothesized that the prevalence of autism could be
increased in countries such as LMICs where there are problems with inadequate diets during preg-
nancy [40].

It is widely held that a phenotypic response of individuals with a particular genetic variant given
specified environmental exposures does not predict with certitude what the response will be under
different environmental conditions. This has important implications for LMICs, which might have
populations with frequencies of genetic variants which confer susceptibility to disease and ranges of
environmental exposures that dramatically vary from those in higher income countries. For this
reason, studies of GxE for diseases might be even more important to conduct in populations of
LMICs to provide new insights into the possible causal factors for many DD.

Evidence from Epigenetics/Epigenomics

Although we agree that being able to identify a statistical gene-environment interaction does lay the
groundwork for investigations of the “causal-mechanical, biological interaction” that might underlie
the statistical result [34], the field of epigenetics, and more recently epigenomics, developed inde-
pendently to address some of the developmental aspects of interaction among genes and environ-
mental exposures. The NIH “Roadmap Epigenomics Project” defines epigenetics and epigenomics as
follows:

Epigenetics is an emerging frontier of science that involves the study of changes in the regulation
of gene activity and expression that are not dependent on gene sequence. While epigenetics refers to
the study of single genes or sets of genes, epigenomics refers to more global analyses of epigenetic
changes across the entire genome [41].

Epigenetics relates to the previously mentioned developmental concept of gene-environment
interaction because the sequence of environmental exposures during an individual’s development has
the potential to change DNA chemically as well as the proteins that are bound to the DNA, which can
modify the expression of the gene. The role of epigenetics has been emphasized both in terms of

Fig. 24.2 Child genotypes for catechol-O-methyltransferase (COMT) 472 gene variants by maternal periconceptional
prenatal vitamin intake and odds ratios for autism. Source Schmidt [39]. Note Children with genotype AA possess two
copies of the catechol-O-methyltransferase (COMT) 472G>A variant that reduces the activity of this enzyme, which is
involved in the metabolism of folate and associated metabolic processes. Children with GG and GA genotypes possess
no copy or one copy of the gene variant, respectively, and comprise the reference group. “Yes” indicates mothers who
had any reported vitamin intake for three months before pregnancy and first month of pregnancy, and “No” indicates
those reporting no vitamin use
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complex disease, which encompasses most if not all DD, and in terms of neurodevelopmental
disorders per se, as it involves mechanisms at the molecular level linking the effects of environmental
exposures with how genes function [42].

The importance of epigenetics for understanding the basics of human development has been
stressed [43], so it is expected that it will strongly impact research concerning DD. There is already
increasing research concerning the involvement of epigenetics as a causal factor in neurodevelop-
mental disorders such as ASD and many syndromes involving ID [42]. Epilepsy is another DD for
which epigenetic mechanisms have been implicated [44]. Ongoing research of epigenetic mechanisms
involved in neurodevelopmental disorders should ultimately lead to the identification of therapeutic
treatments for many of these conditions [42].

The Potential to Prevent Developmental Disabilities

One rationale for investigating GxE interactions is to increase our understanding of what kinds of
prevention programs and interventions might work. Identification of GxE interaction can in turn
specify the populations that are at higher risk of a disease as a result of having high frequencies of
some gene conferring susceptibility to the disease. It also provides information on the environmental
risk factors that could be modified through the reduction of specific environmental exposures. The
ultimate aim is prevention of the disease in question or reduction in the severity of disease outcomes.
A similar argument could be applied to epigenetic research.

One of the lessons of the GxE concept is that “one size might not fit all.” We should always be
wary that all children might not react favorable to some environmental interventions; the concept of
GxE tells us that they will not. With respect to prevention, GxE findings can never offer a complete
guide toward the prevention of DD in LMICs, but they do provide important insights. In light of the
recent GxE results for autism [39], dietary strategies to ensure adequate intake of folate might be
especially important in those LMICs where frequencies of the specific MTHFR gene variant are high.

There is a continuing optimism that a more complete understanding of genetic and environmental
effects on human diseases and their interaction will lead to improved disease outcomes and prevention
[36]. However, we obviously cannot wait for all the answers, especially given the complexities of DD
and the great need for improved interventions. This is especially true in LMICs where resources are
limited.

It is well recognized that implementation of programs in LMICs to prevent DD and provide
interventions for those children identified with DD is one of immense proportions [45]. Some
evaluations of the circumstances in LMICs have stressed that programs addressing early child
development need to be systematically implemented across multiple systems in these countries,
including the health and education systems as well as community-based organizations [19]. Perhaps
the most comprehensive review on childhood disability in LMICs for children <5 years of age
included 80 publications, equally divided between low- and middle-income countries [9]. Only a
quarter of these publications provided information on prevention and promotion activities concerning
disabilities, again about equally divided between low- and middle-income countries. The strategies
identified in these studies covered the full range from primary to tertiary prevention and most used
methods that could be applied in early childhood when the opportunities for successful intervention
are optimal. The activities addressed most of the environmental risk factors addressed above, par-
ticularly diet and nutrition and infectious disease prevention. Among the primary prevention strate-
gies identified were increased coverage for immunizations, national programs for dietary
supplementation, and development of school meal programs, including preschool. Secondary pre-
vention included increasing community awareness of DD and tertiary strategies focused on activities

24 Developmental Disabilities 535



to improve mother-child interaction and improved education and training of children in need.
However, this review in 2007 concluded there remained a tremendous gap in our knowledge about
interventions in LMICs for childhood disability.

On a positive note, a team of investigators recently updated a previous review of interventions that
assist in preventing adverse outcomes during early child development in LMICs [46]. The coauthors
concluded that LMICs should invest in early childhood interventions to reduce loss of developmental
potential that is perpetuated by the social and economic circumstances in LMICs. The most effective
interventions were those involving support of parenting to promote parent-child interactions and
enrollment in early child development or preschool programs. Unfortunately, the team found very few
evaluations of interventions for children with DD in LMICs.

Nutritional Implications for Developmental Disabilities in LMICs

Undernutrition in Terms of Macronutrients

The nutritional status of a woman prior to and during pregnancy is of paramount importance for her to
give birth to a full-term healthy neonate with a normal birth weight (greater than or equal to 2.5 kg)
and without the risk of DD. For instance, poor weight gain during pregnancy doubles the odds of
having a preterm birth (delivery prior to 37 weeks’ gestation) and almost triples the odds of delivering
a neonate with a low birth weight (LBW) (less than 2.5 kg) [47]. Malnutrition during pregnancy as
defined by a mid-upper-arm circumference less than 23 cm is associated with adverse neonatal
outcomes including preterm birth, small for gestational age (SGA), and intrauterine growth retar-
dation (IUGR) [48, 49].

Malnutrition and poverty are coupled. Undernutrition during pregnancy results in a small neonate,
and many of the micronutrient deficiencies also adversely affect the growing fetus and the newborn
child. This is particularly detrimental to the brain as it undergoes a rapid rate of growth during the
third trimester of gestation and in the early postnatal period. It is during this time that an adequate diet
is essential for ensuring appropriate allocation of macro- and micronutrients to the developing brain.
Insufficient nutrition during breast-feeding will compound the problem.

Both poverty and malnutrition are most prevalent in Africa and South Asia, regions that produce
52% of all live births and 60% of premature births, and it is in these regions where 75% of neonatal
deaths occur. The number of premature births is 22% in East–Southeast Asia-Pacific, 28% in South
Asia, and 24% in sub-Sahara Africa. In comparison, only 9% of births are premature in high-income
countries. Of the 15 million premature births worldwide, an estimated 13 million survive the first
month of life. Those who do survive are at a cognitive risk. The developing brain of the prematurely
born infant is vulnerable to many potential insults including respiratory distress syndrome and
hypoxia, hypoglycemia, hyper bilirubinemia, and infections. Prenatal malnutrition and its related
insults place the premature newborn at an increased risk for developmental impairments. Of those
who survive the neonatal period, 7% (900,000) will suffer long-term neurodevelopmental impairment
and 2.6% (269,000–420,000) will suffer moderate or severe impairments [50]. The percent of
worldwide survivors of prematurity diagnosed with severe neurodevelopmental impairments reaches
12% in high-income countries but is as high as 24% in East–Southeast Asia-Pacific, 25% in South
Asia, and 19% in sub-Sahara Africa. The percent with mild impairments are 11, 23, 27, and 20%
respectively [50]. Many of the studies Blencowe and colleagues reported demonstrate an association
between preterm birth and specific learning and executive function impairments as well as adverse
mental health outcomes [51]. The burden is great in LMICs, as an infant born prior to 37-week
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gestation has a 25% chance of having a severe neurological developmental impairment in SE Asia
and a 19% chance in sub-Sahara Africa compared with a 12% chance if born in a high-income
country [50].

As reported previously, Gottlieb and colleagues used the Ten Questions Screen in a study of
almost 200,000 children aged 2–9 years living in 18 LMICs for their risk of a developmental
disability [13]. The results were assessed according to four nutritional variables: breast-feeding,
vitamin A supplementation, underweight (weight for age), and stunting (height for age). In all
countries, children aged 2–4 who were ever breast-fed screened positive for a disability less fre-
quently than those who were never breast-fed (26 and 36%, respectively). These values were sig-
nificant in 8 of the 18 LMICs. In the ten countries that were included in the vitamin A analysis,
supplementation of vitamin A was associated with a lower prevalence of disabilities among children
who had ever received the supplementation versus those that had not (29% vs. 36%, respectively).
The difference was significant in 5 of the 10 countries. The percentage of children with risk for a
disability was greater for children who were underweight compared to those who were not (36 vs.
26%). These values were significant in 7 of the 15 LMICs. In 12 of 15 LMICs, children who were
stunted had a slightly greater percentage of disability risk than those who were not stunted (26 vs.
25%). However, the range was large, and values were significant in only 5 of the 15 LMICs [13].

Food security in low-income households is an outward observable problem, but an underlying
hidden condition is that of maternal depression and its impact on DD. Depression during pregnancy is
detrimental to both the mother and the fetus, is associated with LBW and SGA, and predicts poorer
growth in infants from 2 to 12 months of age [52, 53]. While prevalence rates of postnatal maternal
depression (PMD) in high-income countries range from 7 to 13%, in some LMICs the range is
between 20 and 30% (South Africa, Lebanon, Bangladesh, Turkey, Brazil, India, and Iran) and is
even greater than 30% in some other LMICs. In Malawi, Pakistan, Zimbabwe, Vietnam, Chile,
Burkina Faso, and Guyana, half of the women were found to be affected by PMD [54]. Risk factors
for PMD include socioeconomic hardships such as food insecurity, overcrowding, lack of potable
running water and electricity, and poor sanitation. A depressed mother has poor concentration,
lethargy, sleep disturbance, and low mood. These symptoms play an important role in how the child is
fed and affect both the quality and quantity of stimulation the child receives. A depressed mother is
less likely to provide her child with adequate and appropriate nutrition resulting in poor growth. And
mothers living in periurban informal settlements (slums) are more prone to depression, resulting in
lack of stimulating play and, too often, inadequate nutritional intake for the newborn infant and young
child at a time that is most critical for the rapidly growing brain [55]. Poor nutrition, poor growth, and
inadequate stimulation in early childhood are associated with impairment of cognition as well as
deficits in school performance and intellectual achievement [56, 57].

Risk factors for developmental delay are particularly prominent in people living in the rapidly
growing urban slums as low birth weight is the single most important biological risk for develop-
mental delay. In the slums of Dhaka, Bangladesh, 46% of the newborns are of low birth weight and
70% are small for gestational age. This is the direct influence of poor maternal nutrition and is
compounded by a lack of prenatal care and maternal depression. The risk for DD is increased due to
home deliveries by inadequately trained traditional birth attendants, who have little to no backup if
problems arise. This situation puts the newborn at risk for asphyxia, hypothermia, hypoglycemia, and
infections [58]. The Instituto de Nutrición de Centroamérica y Panamá (INCAP) studies in Guatemala
demonstrate the impact that supplemental feeding programs have on pregnant women and young
children by preventing the ravishes of malnutrition [59]. If malnutrition continues throughout
childhood, thereby becoming a chronic condition, the result is stunting. This is particularly detri-
mental for females as a woman’s height is directly proportional to the width of her pelvis [60].
A narrow pelvis results in difficult labor and often a small or damaged newborn.
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Undernutrition with Respect to Micronutrients

Many poor households do not have the financial resources to consume sufficient quantities of meat
and dairy products and instead select less expensive plant source-based foods that are often high in
phytate and fiber content that decrease the bioavailability of minerals, such as iron and zinc,
increasing the risk of micronutrient deficiency for these essential elements. Over 2 billion people are
at risk for deficiencies of vitamin A, iron, and/or iodine [56]. The highest prevalence of micronutrient
deficiencies is in sub-Saharan Africa and Southeast Asia. All of these nutritional factors can result in
either physical or cognitive developmental defects for their children. These poor health outcomes for
women and children do not have to continue. Politicians and health professionals can do something
about it, and it is imperative that we do so.

A lack of micronutrients in the maternal diet is detrimental to the growing fetus and also affects the
quality of a mother’s breast milk. Moreover, if the child’s diet continues to be deficient, serious
consequences result; often, the outcomes involve DD (Table 24.3).

Iron is not only important in hemoglobin synthesis and production of red blood cells carrying
oxygen to the brain, but it is also involved in neurogenesis. Another micronutrient, iodine, is also
essential for healthy fetal development. While a severe lack of iodine during pregnancy results in
cretinism, a less severe deficiency results in hypothyroidism. Regardless, both types of iodine defi-
ciencies result in irreparable damage to the brain and subsequent intellectual impairment that will
persist into adulthood. Calcium is also important, not just for skeletal development and maintaining
the integrity of cell membranes but is also necessary for transmission of nerve impulses and mediating
muscle function. A lack of calcium is associated with pre-eclampsia and low birth weight infants.
A deficiency in magnesium also interferes with fetal growth and hence is associated with intrauterine
growth retardation (IUGR). Zinc activates over 100 enzymes, supports the immune system, and is

Table 24.3 Micronutrients, their biological function, and abnormalities leading to a disability when maternal
deficiencies occur

Mineral Function Maternal deficiency results in

Iodine Key component of thyroid hormone Irreversible brain damage

Iron Hemoglobin synthesis
Neurogenesis
Thyroid, dopamine

Poor fetal growth
Cognitive and behavior problems that
persist into adulthood despite treatment

Calcium Development of skeleton
Mediating muscle function
Nerve impulse transmission
Blood coagulation
Cell membrane function
Secretion of hormones

Associated with pre-eclampsia and low
birth weight
May induce intrauterine growth
retardation (IUGR)

Coppera Angiogenesis-impaired collagen and elastin
cross-linking and therefore responsible for vessel
integrity

Brain dysmorphology
Vascular hemorrhage

Magnesium Enzyme cofactor and activator Interferes with fetal growth
Hyperparathyroidism

Zinc Activation of 100 enzymes
Important for embryogenesis and fetal growth
Supports immune system

Limits fetal growth
If severe → teratogenesis

Selenium Supports immune system Associated with abortions, pre-eclampsia,
and IUGR

(continued)
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important for embryogenesis and fetal growth. A deficiency of selenium is associated with sponta-
neous abortions, pre-eclampsia, and IUGR.

Vitamins are also vital in fetal and postnatal development (Table 24.3). Vitamin A is important in
cell differentiation and growth and maintains mucosal surfaces, whereas high doses are teratogenic.
Vitamin B1 is a coenzyme and important in lipid and nucleotide synthesis enzymes, especially in the
developing brain. A deficiency of vitamin B1 will impair fetal growth and brain development.
Vitamin B6 is a coenzyme in protein metabolism especially in neurons in the central nervous system.
A deficiency of vitamin B6 is associated with pre-eclampsia, gastrointestinal carbohydrate intoler-
ance, and neurological deficits in infants. Folate plays an enzymatic role in carbon metabolism and
synthesis of DNA, and a deficiency is associated with pre-eclampsia, abortions, IUGR, and congenital
malformation such as neural tube defects and congenital heart defects. Vitamin B12 supports ery-
thropoiesis and fetal growth. Vitamins C and E are powerful antioxidants and combat oxidative stress,
an important factor in pre-eclampsia, and vitamin D is important in skeletal growth and immune
function.

Micronutrient deficiencies can affect cognitive function in young children. A study from North
India on children aged 12–18 months correlated plasma levels of several micronutrients with scores
on the Bayley III Scales of Infant Development [61]. An increase in folate concentration was
associated with a 1.3 times increase in their scores for mental development. The change was even
more pronounced when cognitive scores were correlated with concentrations of homocysteine or
methylmalonic acid [61]. Below follows a discussion of the effect of specific micronutrient defi-
ciencies on fetal development. For further information on these micronutrients, the reader is
encouraged to refer to the respective chapters in this volume.

Table 24.3 (continued)

Vitamins Function Maternal deficiency results in
Vitamins Function Maternal deficiency results in
Ab Maintenance of mucosal surfaces

Cell differentiation and growth
Immune system

Low birth weight in HIV-positive women
Avoid high doses → teratogenicity—anomalies
include [CV (aortic arch), CNS (microcephalia,
microphthalmia), cleft palate, thymic hypoplasia, limb
reduction]

B1 Coenzyme—lipid and nucleotide synthesis
enzymes especially in developing brain

Impairs brain development
Impairs fetal growth

B2
riboflavinc

Precursor for 2 flavin coenzymes (flavin
mononucleotide and flavin adenine
dinucleotide

Deficiency in pure form probably does not exist
In animal studies, maternal deficiency results in
shortened extremities, cleft palate, and hydrocephalus

B6 Coenzyme in protein metabolism
especially in CNS

Associated with pre-eclampsia, gastrointestinal
carbohydrate intolerance, and neurological diseases of
infants

Folatec Enzymatic role in carbon metabolism and
synthesis of DNA

Pre-eclampsia, abortions, IUGR
Congenital malformation as neural tube defects and
congenital heart defects

B12c Support for erythropoiesis Reduced fetal growth

C and E Powerful antioxidants Oxidative stress, important factor for pre-eclampsia

D Bone growth
Immune function and reduction of
inflammation

Associated with poor fetal skeletal growth

aKeen et al. [132]
bSimpson et al. [133]
cRosenthal [134]
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Iron

Iron deficiency affects nearly 2 billion people or almost one-third of the world’s population. The
groups most affected by iron deficiency are pubescent women, pregnant women, infants, and children
of preschool age. Iron deficiency is most prevalent in low-middle-income countries. In the WHO
region of Africa, it affects 32% of children 6–59 months of age, 41% of non-pregnant women
15–49 years of age, and 44% of pregnant women 15–49 years of age. In SE Asia, the percentages are
41, 45, and 47 respectively [62]. Iron deficiency is a risk factor for preterm birth, low birth weight
(LBW), and SGA neonates [63]. Since almost two-thirds of the total body iron of a neonate is
acquired during the third trimester, all premature births are at risk for iron deficiency [64]. On the
other hand, full-term infants developing in an environment where the maternal stores are adequate are
born with sufficient iron. However, infants younger than 6 months cannot regulate iron absorption
well, and although breast milk is low in iron, the lactoferrin in breast milk promotes iron absorption.
During the third trimester extending into the second year of life is a time when iron is vitally
important as that is when the brain is most rapidly developing. Even if the fetus receives sufficient
iron in utero, if the infant’s and toddler’s diet is iron insufficient, the result is a deficit in neu-
rocognitive development, particularly in learning and memory. Unfortunately, these problems are not
reversible. In fact, five-year-old children who were born iron deficient scored lower on language
ability tests and skills of fine motor ability [65].

Iron is essential for neurogenesis, synaptogenesis, dendritogenesis, synthesis of neurotransmitters,
and myelination. Myelination is important for rapid impulse transmission along axons and begins in
the third trimester of pregnancy and progresses rapidly throughout infancy. Compared to those who
received sufficient iron, young adults who were iron deficient in infancy have been shown to perform
poorer on tasks involving inhibitory control, set-shifting, and planning, all executive type functions
[66]. Fretham and colleagues note that iron deficiency affects at least three major neurobehavioral
domains: speed of processing, affect, and learning and memory. The latter is a result of impairment of
the hippocampus, the region of the brain responsible for declarative learning and memory [67].
Declarative learning refers to the ability to consciously recall specific facts and events, whereas
non-declarative memory refers to memory for cognitive and motor tasks and skills that can be recalled
without conscious effort [67]. A meta-analysis of nearly 12,000 children from 6 African countries
indicated that iron deficiency anemia is associated with an increased risk of mortality in children from
1 month to 12 years of age. The risk decreases by 24% with each g/dl increase in hemoglobin [68].

Folic Acid

Folic acid is the synthetic stable form of naturally occurring folate, an essential B vitamin and
water-soluble compound that occurs naturally in fruits and vegetables. Folates are important in
nucleotide synthesis. Early in embryogenesis, the rapidly dividing cells of the neural tube require a
large amount of nucleotides to facilitate replication of DNA. Without a sufficient quantity of folate
within the first month of embryonic life, the developing embryo may not be able to close the neural
tube. Although maternal levels of folate may be “normal,” a neural tube defect (NTD) can still
develop as the quantity of folate is apparently insufficient. Other factors may also contribute to the
development of a NTD, including genetic and environmental influences, maternal obesity, and dia-
betes [69]. Reports in the early 1980s showed a protective effect of folic acid for the prevention of
neural tube defects [70]. This observation was confirmed by the UK Medical Research Council with a
double-blind randomized trial. This trial demonstrated that when supplemented daily with 4 mg of
folic acid, a woman’s rate of a recurrence for birthing a child with a NTD was reduced by 72% [71].
Subsequently, in 1992, the US Public Health Service recommended that all women supplement their
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daily diet with 4 mg of folic acid at least one month prior to pregnancy and continue throughout the
first trimester. And for women who had previously given birth to a child with a NTD, the recom-
mendation extended throughout the entire pregnancy [72]. In 1998, the FDA mandated that flour be
enriched with folic acid. Other countries have followed suit, resulting in a rather dramatic decrease in
the incidence of NTD. The largest reduction (61%) was in Costa Rica and may have been the result of
fortifying not only wheat flour but also corn flour, cow’s milk, and rice with folic acid [73]. Of note,
not only supplemental folic acid decreased the incidence of NTD by approximately 90%, but it has
also been shown to reduce the incidence of congenital heart disease by approximately 40% [74].

Iodine

Iodine deficiency disorder (IDD) affects 13% of the world’s population, and greater than 2 billion
additional people are at risk [75]. IDD remains a public health problem in 130 countries despite the
fact that iodized salt is available to 68% of the population in those countries. Iodine is a key
component of the thyroid hormone, and during the first trimester, the fetus is entirely dependent on
the adequacy of maternal thyroid levels [76]. Thyroid hormones are critical for brain and neurological
development, particularly during gestation. It is well known that severe iodine deficiency in a
pregnant woman results in irreversible and devastating impairment to the fetal brain. Unfortunately,
no amount of supplemental iodine after birth will negate the cognitive disabilities caused by severe
iodine deficiency during pregnancy. However, until recently, little was known about mild or moderate
iodine deficiencies in pregnant women. Bath and colleagues analyzed data from the Avon
Longitudinal Study of Parents and Children (ALSPAC) in the UK [77]. They reported on the
cognitive outcome of children born to mothers who were mildly (urinary iodine-to-creatinine ratio
<150 µg/g) and moderately (50 µg/g to 150 µg/g) iodine deficient. Even after adjusting for multiple
confounders, when compared to children born to mothers whose ratio was >150 µg/g, their verbal
and performance IQs were significantly lower at 8 years of age and at age 9, and children with iodine
deficiency scored lower on reading accuracy and comprehension. These authors found a lineal
correlation; as the ratio decreased, the same parameters of cognition decreased. The UK study tells us
that the problem is not limited to the non-industrialized world. Iodine deficiency is truly a major
public health problem worldwide. WHO considers iodine deficiency “the single most important
preventable cause of brain damage worldwide” [78].

Vitamin A

Vitamin A deficiency is an endemic problem in the developing world but is most prevalent in
sub-Saharan Africa and South Asia. In these regions, poverty rates are high and few households can
afford animal source foods that are rich in vitamin A. Beta-carotene, the precursor for vitamin A, is
available in plant source foods, but these foods are often not eaten in sufficient quantities to give the
individual the amounts needed for conversion into adequate levels of vitamin A. Rice, a staple food in
many parts of the world, has virtually no beta-carotene, and corn, another staple food, is also very low
in beta-carotene.

The first clinical sign of vitamin A deficiency is “night blindness” or inability to adapt to darkness,
and it is estimated that globally 6 million pregnant women suffer from this condition. Furthermore,
the fetus of a woman with vitamin A deficiency will also be deficient in vitamin A and the milk she
produces will be deficient as well. It is estimated that night blindness affects 5.2 million children
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under 5 years of age and 190 million children under 5 years of age have low serum retinol con-
centrations [79]. When vitamin A deficiency is more severe, the outer covering of the eye becomes
dry resulting in dry eye or xerophthalmia. In the severe situation, the cornea ulcerates and the lens is
extruded leaving the child blind. Vitamin A deficiency is the leading cause of preventable blindness
in children and an important cause of death.

Specific Considerations for Selected Developmental Disabilities

Attention Deficit/Hyperactivity Disorder (ADHD)

This is a syndrome complex characterized by lack of attention or focus or concentration together with
impulsivity and hyperactivity severe enough to interfere with a child’s learning or an adult’s
employment productivity. If the attention disorder is associated with only a mild degree of hyper-
activity or no hyperactivity, the syndrome is referred to as attention deficit disorder (ADD). The
number of children diagnosed with this disorder in the USA has mushroomed from 150 thousand in
1970 to 6.4 million (11% of children 4–17 years of age) in 2011 with a male-to-female ratio of 4 to 1
[80]. In comparison, the estimated prevalence is 6% in the Democratic Republic of the Congo [81].
The reasons for this marked increase in the USA are not well understood but may partially be
attributed to a perception or overdiagnosis or a greater recognition of the diagnosis plus an expansion
of the diagnostic criteria. However, there may also be a true increase in the prevalence of this
syndrome. Suggested reasons for the increase include maternal dietary factors and exposure to an
increased number of toxins such as lead, mercury, and organic pollutants which, with stricter regu-
lations, is less of a problem in industrialized than in non-industrialized countries. Some have sug-
gested that some children may be more sensitive to certain food additives, including synthetic
colorings and a greater array of preservatives. In addition, a child’s brain is exposed to an
ever-increasing number and degree of stimulants from television and other electronic devices that
tend to alter the ability of a child to focus. Most of these suggestions are speculative and have not
been proven scientifically.

Feeding/Nutritional Problems

Galler and colleagues published a very interesting but disturbing paper from the Barbados Nutrition
Study that linked ADHD in middle adulthood with infant malnutrition [82]. The study participants
were of normal birth weight but experienced an episode of moderate-to-severe malnutrition in the first
year of life. Following hospital discharge, they were enrolled in a government intervention program
that ensured ongoing nutritional support. The control group consisted of healthy classmates without a
history of malnutrition. Social and socioeconomic information was collected and considered in the
group comparisons. Those children who had experienced malnutrition had lower IQs, poorer aca-
demic achievement, and impaired fine motor skills, and the teachers reported a fourfold increase in
attention problems that was not the result of a childhood environmental disadvantage or cognitive
impairment [83].

Boys with ADHD have a tendency not to adhere to a traditional schedule for meals with a higher
frequency of irregular and more frequent eating times. They also have a diminished preference for and
hence ingestion of fruits and vegetables and an increased consumption of sweetened beverages [84].
In the early 1970s, Benjamin Feingold presented a paper at the American Medical Association
Annual Meeting proposing that many of the behavior and learning problems seen in elementary
school children were due to their ingestion of certain foods and food additives [85]. He proposed a
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diet free of all foods that contained natural salicylates and all artificial food colors and flavors, the
Kaiser–Permanente (K-P) diet. However, this diet also provided less calcium, riboflavin, and vitamin
C. Feingold’s paper and subsequent restricted diets resulted in a number of scientific investigations
and reports flourished. This literature of 35 years has been nicely summarized by Stevens and
colleagues with a detailed account of dietary sensitivities and artificial food color (AFC) additives on
ADHD symptoms [86]. Their review of the literature concluded that whereas AFC additives have not
been found to have a link with ADHD, there appears to be a subgroup of children (11–33% of those
with ADHD) whose symptoms decreased enough on the K-P diet to improve their functioning at
home and at school. And some children with ADHD when challenged with AFC had an increase in
their hyperactivity, while other children had exhibited other symptoms after ingesting AFC including
irritability, restlessness, and sleep disturbance. Preschool-aged children appeared to be most affected.

Growth Deviants

The side effects of medical stimulants used in the therapy of ADHD include loss of appetite,
decreased growth, insomnia, mood disturbance, and headaches. Indeed, there have been reports of
decrease in linear growth of children on methylphenidate one of the most commonly used medica-
tions for ADHD. To assess this relationship, Durá-Travé and colleagues followed the growth of 187
children over 4 years [87]. At the time of diagnosis, the children had a mean age of 8.1 years and
their mean weight and height were lower than the mean of the same-aged cohort of control children, a
deficit of 0.70 kg and 0.42 cm, respectively. Thirty months after treatment was started, the weight
difference increased to 4.27 kg and the height difference increased to 2.69 cm. After 48 months, the
deficits lessened to 1.58 kg in weight and 0.83 cm in height. They concluded that the effect of
methylphenidate was transitory and that the relative short stature in children with ADHD was more
related to the condition than to the medication [87].

Autism Spectrum Disorders (ASDs)

The spectrum of autistic disorders consists of classic autism, Asperger syndrome, pervasive devel-
opmental disorder not otherwise specified (PDD-NOS), childhood disintegrative disorder, and Rett
syndrome. These lifelong neurodevelopmental disorders are characterized by severe impairments in
social interaction and communication along with behavioral inflexibility and restrictive interests.
Prevalence data for ASD in LMICs are presented in Table 24.1.

Feeding/Nutritional Problems

Feeding problems are major issues and include food preferences, food selectivity with limited
repertoires of food, food refusal, and excessive intake of certain food categories such as carbohy-
drates. Whiteley and colleagues reported that 83% of parents reported that their child with ASD had a
very restrictive diet and that consistency of food was a major factor [88]. Williams and colleagues
surveyed 100 parents of children with ASD aged 22 months to 10 years. Of the 100 parents, 69%
reported that their child was reluctant to try new foods; 60% ate very few different foods; 56% of the
children were “mouthing” foods; and 46% had rituals surrounding eating. Factors influencing food
selection were texture (69%), appearance (58%), taste (45%), smell (36%), and temperature (22%)
[89]. Children with ASD have a preference for carbohydrates, snacks, and/or processed foods and a
rejection of fruits and vegetables. In addition, food presentation including different foods touching
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other foods or the use of certain utensils often results in food refusal. Sharp et al. estimated a fivefold
increase in the odds that children with ASD will have a feeding problem [90]. Dietary manipulation is
becoming more common, and some care providers and parents are using this as treatment for ASD.
Particularly prevalent is a diet free of gluten and/or casein. Eliminating casein would mean elimi-
nating milk and all milk-containing foods, which could lead to dietary deficiencies such as calcium
and vitamin D. There is no research that supports this practice [91].

Growth Deviants

Cermak and colleagues performed a systematic review of articles on ASD published in English over
the past 25 years but uncovered only a few studies that assessed growth parameters [92]. Despite very
significant food selectivity and limited intake of certain food categories, weight and linear growth in
children with ASD were not found to be adversely affected [92]. From a large longitudinal study of
parents and children, Emond et al. compared the feeding patterns and dietary intake of 79 children
with ASD with 12,901 controls. The authors found that at 38 months, the intakes of energy, total fat,
carbohydrate, and protein were similar, but the ASD group consumed less vitamin C. They found no
differences in weight, height, or BMI at 18 months and 7 years [93]. In their extensive review of the
literature on this subject, Sharp et al. [90] found specific dietary deficits in children with ASD,
specifically a lower intake of calcium and protein. This was consistent with the Hediger et al.’s report
a few years earlier that a group of 75 boys with ASD had decreased bone cortical thickness compared
with their peers without ASD [94]. Zimmer et al. [95] compared ASD selective eaters with ASD
non-selective eaters none of whom were on elimination diets and found lower intake of protein,
calcium, and vitamins A, D, and B12 when the combined groups were compared with peers and
selective eaters were at greater risk than non-selective eaters.

Cerebral Palsy

Cerebral palsy (CP) is a descriptive term for a group of disorders of movement and posture causing
limitations or dysfunction of activity. The etiology is a non-progressive insult or injury to the central
nervous system (CNS) when the brain is undergoing its most rapid development [96]. CP is the most
frequent cause of childhood disability with overall prevalence rates in the USA of 3.1 per 1000 live
births [97]. It is estimated that approximately 70–80% of the insults to the CNS occur prenatally.
Perinatal etiologies include hypoxia during the perinatal period, postnatal CNS infections, exposure to
toxic drugs, genetic abnormalities, and head injuries. The majority, however, are the result of
unknown or undetected mechanisms. Prematurity is the most frequent antecedent of CP, as it pre-
disposes the infant to hypoxic-ischemic encephalopathy, periventricular leukomalacia (PVL) and
intraventricular hemorrhage. Despite the intensiveness and multiple advances in neonatal care, there
has not been a significant decrease in the prevalence of CP. This is partially explained by the
improved survival rate of the very low birth weight preterm newborns. Such is not the case in many
LMICs.

There are different types of CP, each of which corresponds to an insult in a different area of the
CNS. Spastic CP accounts for about 75% of all individuals with CP and occurs when the neurological
insult involves the pyramidal area of the brain and may involve one or all four limbs. The other types
are dyskinetic CP (uncontrolled purposeless movements) where the injury is in the extrapyramidal
regions and ataxic CP (gait imbalance) where the insult involves the cerebellum. The severity of CP is
based on the ability of the child to ambulate with Level 1 being the mildest and Level 5 being the
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most severe, requiring total care [98]. The degree of disability is closely related to comorbidities and
to survival [99, 100].

Whereas the CNS insult is non-progressive, the effects from the motor deficit and muscle
imbalance often worsen over time and may result in fixed contractures of major joints, progressive
scoliosis, hip dislocation, and body distortion. In addition, many affected children have other
comorbidities, such as varying degrees of intellectual disability, seizures, visual and hearing
impairments, gastrointestinal problems, drooling, and recurrent aspirations. Treatment of children
with the more severe forms of CP and the comorbidities is problematic in LMICs.

Feeding/Nutritional Problems

Motion and colleagues suggest that early, persistent, and severe feeding difficulties can be a marker
for CP [101]. Weak sucking at 4 weeks of age was present in 48% (11 of 23) of children diagnosed
with CP as compared with 18% (2206 of 12,299) of children not diagnosed with CP. Furthermore,
great difficulties with feeding were reported in 10% (2 of 21) of children with CP as compared with
3.3% (373 of 10,941) of control children. In addition, feeding difficulty at 4 weeks was associated
with undernutrition at 8 years of age [101]. Reilly and colleagues surveyed 49 children with CP
between 12 and 72 months of age and found that 90% had clinically significant oral motor dys-
function [102]. Consistent with Motion et al., they found that in the first 12 months of life, sucking
problems were present in 57% and swallowing difficulties in 38%. In 60%, severe feeding problems
preceded the diagnosis of CP [102]. In order to identify the presence of feeding and gastrointestinal
problems in children with CP, Erkin and colleagues enrolled 120 children consecutively with an age
range of 2–12 years [103]. Approximately one-fourth had feeding dysfunction and an equal number
had constipation. A lack of appetite was present in 31, and 19% had difficulty in swallowing. The
frequency of dysfunction was highest in the children with the greatest levels of severity. Furthermore,
as expected, the duration of time required to feed these children was longer [103]. Due to the fact that
children with swallowing dysfunction often reject solid foods, spill a lot, choke, cough, and have
significant gastroesophageal reflux and aspiration, pneumonia is not uncommon. Those with gener-
alized motor dysfunction are at greater risk for swallowing dysfunction and aspiration. Meal times are
often quite stressful for both child and parents [104]. The amount of care involved with these children
is particularly difficult when time and resources are limited.

Growth Deviants or Nutritional Deficits

The frequency and degree of growth deviation depend on the extent of the injury to the central
nervous system (CNS) and the severity of the CP. Dahlseng and colleagues obtained data on 661
children from the Norwegian CP Register with a mean age of 6 years and 7 months to assess their
nutritional status [105]. Only 63% had a normal BMI for age, 20% had mean z-score for weight
and/or height <−2 standard deviations (SDs) from the mean, and 16% were overweight or obese.
Twenty-one percent were completely dependent on assistance during feeding and 14% were fed
through a gastrostomy tube and these were the ones with higher weight and BMI [105]. As might be
expected, the greater the degree of severity of feeding dysfunction, the worse the nutritional status
unless feedings are done through the gastrostomy tube and then overweight is common. Fung and
colleagues used the Child Health Questionnaire to evaluate feeding dysfunction and the nutritional
status among 230 children with CP from six centers in the USA and Canada [106]. The mean z-scores
for weight were −1.7, −2.5, and −3.3 for those with no, mild, and moderate feeding dysfunctions,
respectively. Those who were tube-fed had a mean z-score for weight of −1.8. The findings were
similar for height. Children with no feeding problems had mean triceps z-score of −0.3 compared to
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−0.9 for those with mild feeding problems [106]. It is quite unusual for children to be tube-fed in
LMICs.

Down Syndrome (DS) or Trisomy 21

This is a chromosomal condition observed when an individual possesses a complete or part of an
extra copy of chromosome 21. Trisomy 21 due to nondisjunction of chromosome 21, in which a
contributed sperm or egg has an extra copy of chromosome 21, occurs in 95% of cases. In remaining
cases, the extra chromosomal material is due to a translocation with some part of chromosome 21
breaking off and attaching to another chromosome, usually chromosome 14, or there is mosaicism
whereby some cells have extra chromosome 21 material and some do not. In the USA, this is the most
common chromosomal condition, occurring once in every 700 live births, with an increasing risk as
the maternal age passes age 35. Prenatal screening and diagnostic testing are available, and in some
societies, it has resulted in a very high percentage of pregnancy termination. In Western Australia
between 1980 and 2013, 93% of women whose tests were positive for trisomy 21 elected termination.
If these pregnancies had gone to term, the occurrence would have increased from 1.1 per 1000 to 2.17
per 1000 [107]. The additional chromosomal material results in some degree of cognitive impairment,
and the characteristic features that distinguish the DS disorder include low muscle tone, an upward
slant to the eyes, a relatively large tongue, a single deep crease across the center of the palm, and short
stature. Many with DS have congenital heart disease, and if uncorrected, this results in increased
energy expenditure due to an increase in cardiac workload and resultant poor growth. Chromosomal
disorders usually also result in disruption of cell proliferation causing a reduction in the number of
embryonic cells adding to further growth restriction. In addition, repeated and/or chronic illnesses in
those with DS are frequent and can also adversely affect growth.

Growth Deviants

By age 3, 75% of children with DS show some delay in bone maturation and 90% are smaller than
their peers. By adolescence, bone maturation is typically delayed by 1–2 years and the adolescent
growth spurt is also delayed. Adult height is usually 2–3 SD below the general population.
Individuals with DS are less active and have lower physical fitness values with body composition and
higher BMIs secondary to obesity accentuated by short stature [108]. Growth problems are so
universal in children with DS that special growth charts have been developed for this population.

Spina Bifida

This disorder is the result of failure of closure of the neural tube resulting in either occult (hidden from
view) spina bifida, meningocele (a sac lined by the meninges and uncovered by vertebrae, muscle or
soft tissue but not containing nerve roots), or myelomeningocele (the sac does contain nerve roots)
which is the most severe situation. Worldwide, the incidence of neural tube defects range from 1.0 to
10.0 per 1000 births [109]. The most common lesion is in the lower thoracic or lumbar areas. The
height of the motor defect depends on which vertebrae are involved. Bladder and bowel are almost
always affected resulting in repeated urinary tract infections (cystitis and pyelonephritis) that may lead
to poor growth and eventually to renal failure.
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Growth Deviants

Individuals with very low lesions where ambulation is not inhibited attain normal height. However,
lesions that affect the ability to ambulate result in short stature. Rosenblum et al. reported that 43% of
individuals with mid lesions and 80% of those with high lesions were below the 3rd percentile for
height [110]. Adults with spina bifida tend to have an inactive lifestyle, lower aerobic capacity,
decreased level of daily physical activity, higher prevalence of obesity, and lower health-related
quality of life as compared with a reference group [111].

The caloric needs of individuals with spina bifida who are non-ambulatory are considerably less
than those for a very active person. This is particularly important for the adolescent who wants to fit in
with peers and hence in social settings finds it difficult to restrict his or her intake of foods. Obesity is
not uncommon in this situation. It is therefore important to institute a program of appropriate foods
with the recommended caloric amount, self-regulation, and weight control plus an exercise program.
Also, constipation is invariably a constant problem and is secondary to weak abdominal muscle, poor
dietary fiber intake, neurogenic bowel, inactivity, and anticholinergic drugs used to treat the neuro-
genic bladder. Dietary management consists of establishing eating habits early with emphasis on
foods that have high fiber content, juices, and plenty of water to avoid constipation and facilitate
weight control. Children should select their own physical activity, but unfortunately, those in a
wheelchair tend to be less active, and if their diets are not restricted to compensate for fewer calories
expended, their weights may increase rather rapidly. Also, due to non-weight bearing on their lower
extremities, they tend to be shorter than their peers. Hence, dietary restrictions should be instituted
when the child is above the 25th percentile on the weight for age chart or above the 10th percentile on
the weight for height chart.

Sociopolitical, Policies, and Conventions Adopted by Countries’
Regulations like the Americans with Disabilities Act (ADA)

During the past several decades, there have been numerous country-specific as well as “universal”
policies and conventions that lay out recommendations that, if enacted, would serve to initiate the
lengthy process of eliminating discrimination against individuals with disabilities. Unfortunately,
there are many barriers preventing the implementation of well-intended policies such as societal
beliefs and perceptions of DD; financial obstacles; lack of resources, both material and adequately
trained personnel; and infrastructural issues that require alterations in building construction, side-
walks, and public transportation to allow universal access. Perhaps the most difficult barrier to
circumvent is that of effecting a genuine change in people’s attitude towards people with disabilities.
Unfortunately, individuals with disabilities are often stigmatized, marginalized, and discriminated
against. Cultural and attitudinal prejudices are deeply engrained and much harder to change than are
physical structures. What is also disturbing is that the prevalence of disabilities in many countries is
not even known; therefore, designating appropriate resources is quite imprecise. Moving the rhetoric
from paper to practice is difficult. Despite these barriers, the recommendations are explicit in two
universal conventions that have been adopted by a majority of countries.

The Convention on the Rights of the Child (CRC) was introduced at the UNICEF-sponsored
World Summit for Children held in New York in 1990 [112]. It was one of the most rapidly signed
and ratified universal conventions, and to date, only three countries have not ratified this convention
(Somalia, the Republic of South Sudan, and the USA). Among other obligations, the CRC guarantees
that the rights of all children shall be respected without discrimination and each child will be
protected against all forms of discrimination or punishment based on the status or beliefs. Important
points include the following:
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• Every child should enjoy a full and decent life;
• The disabled child has a right to special care and access to available appropriate resources

including social services, training, and opportunities for recreation and employment, and wherever
possible, schooling shall be provided free of charge; and

• “in the spirit of international cooperation, the exchange of appropriate information in the field of
preventive health care and of medical, psychological and functional treatment of disabled children,
including dissemination of and access to information concerning methods of rehabilitation,
education and vocational services, with the aim of enabling States Parties to improve their
capabilities and skills and to widen their experience in these areas. In this regard, particular
account shall be taken of the needs of developing countries” [112].

The Convention on the Rights of Persons with Disabilities (CRPD) is a more recent document that
specifically addressed issues of disabilities and was adopted at the United Nations Headquarters in
New York in December of 2006 [112, 113]. By March of 2013, the CRPD had been ratified or
accepted by 129 countries [114]. The CRPD is of critical importance to children with disabilities.
Children who are members of this vulnerable population are more likely to live in poverty, are
oftentimes denied education, and are disproportionately at risk for physical and sexual abuse.
According to estimates from international agencies, >90% of children with disabilities do not attend
school; 500,000 children every year lose some part of their vision due to vitamin A deficiency;
41 million babies are born each year at risk for mental impairment due to lack of maternal iodine;
10,400 children are killed or permanently disabled due to land mines; and over 10 million are
psychologically traumatized by armed conflict [115].

The CRPD views individuals with disabilities not as objects of charity who need medical treatment
and social protection but rather as capable individuals who have rights and can make decisions for
themselves as active members of society. This antiquates the medical model and puts emphasis on the
social model for disabilities. It identifies the areas where society needs to both change and adapt the
existing environment in order to better fit the needs of individuals with disabilities. The CRPD
clarifies and outlines the civil, cultural, political, social, and economic rights of individuals with
disabilities as no different from the rights of all human beings. It also identifies areas where adap-
tations should be made for persons with disabilities, indicates where those rights have been violated,
and suggests how those rights should be protected.

Outcomes

Morbidities and Mortalities

Worldwide, child mortality (under age 5) decreased by almost 50% between 1990 and 2013, from 90
deaths per 1000 live births in 1990 to 46 per 1000 in 2013, while neonatal mortality fell by 40%
during the same period [116]. Thus, the proportion of the under five mortality due to neonatal
mortality rose from 37 to 44%. Child mortality and neonatal mortality are also decreasing dramati-
cally in many LMICs. However, of the 2.8 million neonatal deaths that occurred in 2013, ten LMICs
account for about two-thirds of the total, with India accounting for over 25% and Nigeria about 10%.
In addition, the ten countries with the highest neonatal mortality rates overall are all LMICs.

The leading causes of neonatal mortality worldwide are preterm birth complications; labor and
delivery complications such as birth asphyxia; and infections, particularly sepsis, meningitis, and
neonatal tetanus [116–118]. The order changes when we restrict this to low- and low-middle-income
countries, i.e., the poorest countries with respect to resources. In these countries, the leading specific
cause is birth asphyxia [119].
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In LMICs, a decrease in mortality among children under five has also occurred, by 22% [120].
According to UNICEF, in 2013, 12 countries had underfive mortality rates of 100 deaths or more per
1000 live births, all of which are LMICs. Of the worldwide total of deaths in the underfive age group,
five countries (India, Nigeria, Pakistan, Democratic Republic of the Congo, and China), all of which
are LMICs, account for 50%.

UNICEF reports that child deaths from infectious diseases such as pneumonia, diarrhea, malaria,
measles, and AIDS have seen a dramatic decline from 2000 to 2013 [116]. The leading causes of
child mortality worldwide now are preterm birth complications, which account for 17% of deaths,
pneumonia (15%), complications during labor and delivery (11%), diarrhea (9%), and malaria (7%).
Undernutrition contributes to an estimated 45% of the deaths in children under five worldwide [49].
Preterm births continue to rise in importance as one of the leading causes of child mortality [51].
Given this trend, an international review team has stressed the immediate need for improvements in
newborn care, particularly in low-income countries [50].

Also within LMICs, lower socioeconomic (SES) circumstances are associated with a higher risk of
infant death. A recent analysis of infant mortality among 53 LMICs showed that these deaths are
concentrated in households with lower SES [121]. Mortality from specific causes also affects more
children in lower socioeconomic circumstances. For example, in low- and low-middle-income
countries, i.e., the poorest countries with respect to resources, the leading specific cause is birth
asphyxia [119].

Unfortunately, with the decreasing mortality comes increased morbidity among the survivors.
Increasing attention to the needs of these surviving children has been observed in recent years.
Almost a decade ago, Olusanya described the survivor issues created by mortality reduction in
developing countries [122]. By 2008, UNICEF had introduced a report that included data on children
with disabilities which prompted the hope that the emphasis on reduction in child mortality would
eventually be followed by evaluations of the linkage among survival, disability, and well-being in
low-income and many middle-income countries [123].

The same factors that cause neonatal mortality also contribute to child morbidity. For example,
birth asphyxia is a main cause of neonatal morbidity, as well as long-term morbidity, including
intellectual disability, CP, and other neurodevelopmental disabilities, particularly among children in
LMICs [119]. Globally, preterm birth is becoming an increasingly important contributor to morbidity
among underfives, and the trend is expected to continue according to Sutton and Darmstadt [124].
These investigators also make the point that adequate data are not available from low-income
countries, where the majority of neonatal morbidity occurs, partly the result of the lack of stan-
dardized measurement tools in these countries.

While it is established that the same intrauterine and neonatal insults that cause neonatal mortality
contribute to morbidity in those infants who do survive, data remain scarce concerning the prevalence
of these insults and long-term outcomes in the survivors, especially in resource-poor countries [117].
In an attempt to address this need, Mwaniki et al. [117] completed an extensive literature search to
identify publications on a worldwide basis that included data on long-term outcomes after exposure to
the intrauterine and neonatal insults that contribute to neonatal mortality, including complications of
preterm birth, birth asphyxia, exposure to infections, and conditions such as jaundice and congenital
infections. Among 22,161 survivors documented in the 153 studies included in the analyses, the
median risk overall of having at least one impairment in any of the outcome domains they included
was almost 40%. The most frequent outcomes were learning difficulties, cognitive impairment, or
developmental delay (59%), CP (21%), hearing impairments (20%), and visual impairments (18%).
These data have serious implications for LMICs since all of them must deal with populations of
infants who survive the same intrauterine and neonatal insults.

Just as has been observed for infant mortality, the lowest SES groups in LMICs are the most
affected with respect to morbidity from birth asphyxia. There is greater risk both for neonatal mor-
bidity from birth asphyxia and for conditions such as ID, CP, and other neurodevelopmental disorders
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among children in the lowest SES groups of LMICs [119]. This is not surprising when one considers
that malnutrition and undernutrition, as well as exposure to other environmental risk factors, are
associated with lower SES.

The reduction of both short- and long-term morbidities among children in LMICs must include
both primary and secondary prevention strategies. Recently, Sutton and Darmstadt have stressed
preconception health care that focuses on pregnancy prevention in adolescents, prevention of unin-
tended pregnancies, nutritional interventions such as folic acid supplementation, vaccination for
rubella and tetanus, and screening for sexually transmitted diseases, as the preferential means for
reducing both the mortality and morbidity that result from both full-term and premature births [124].
These investigators and others have also emphasized that improvements in the care of preterm infants
could reduce morbidity, particularly in middle-income circumstances [50]. Finally, Scherzer et al.
[120] have focused on the need for early evaluation and recognition of conditions and support for
families of these children in order to prevent the worst outcomes and move toward improving the
quality of their lives.

School

Education, Inclusion, or Exclusion

School administrators have approached the education of children with disabilities in two very dif-
ferent ways, including them with children who do not have disabilities or excluding them from the
other children. Unfortunately, the term inclusion is not interpreted in the same way by every country.
For some, it only means that those with a disability should be under the responsibility of the ministry
of education. Hence, schooling can take place in a variety of settings: centers, special schools, special
classes in integrated schools, or regular classes in mainstream schools. For others, inclusion means
that students with disabilities should be educated in regular classrooms with age-appropriate peers.
For this stricter definition, the whole school system may need to be changed. Physical barriers must
be removed, and reasonable accommodations must be made for all students. This of course requires
changes in legislation and policies as well as appropriate allocation of sufficient funds.

In the past, children with disabilities were excluded from mainstream education and special
schools were established to teach children with specific disabilities, such as schools for the deaf and
schools for the blind, which segregated children from their peers. These schools were usually located
in urban areas where there were a sufficient number of children to justify the special school. The
children living at a distance from these schools were often housed in residential settings at or close to
the school grounds, thus separating them from their families and the communities with which they
were familiar. Furthermore, many children who might benefit from such schooling were not reached.
Placement of children with disabilities in special schools tends to underestimate their abilities, pro-
moting further exclusion and, on graduation, narrows their opportunities to enter the wider com-
munity. Myths or cultural beliefs are other factors that foster exclusion. For example, a study
published in 2012 found that 48% of the presidents of parent associations in Madagascar believed that
disability is contagious [125].

It was initially thought that relegating children with particular disabilities to special schools was
good for the student and was cost-effective. However, it is now believed that including children with
disabilities with children who do not have disabilities provides a better education for the student with
the disability and, at the same time, introduces non-disabled students to diversity. Exclusion has also
been found not to be cost-effective. When countries ratified the CRPD, they endorsed Article 24
which promotes inclusion as a goal requiring that: “Effective individualized support measures are
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provided in environments that maximize academic and social development, consistent with the goal
of full inclusion.”

Inclusion of children with disabilities in the regular school setting is just beginning in many
developing countries. However, it often requires revision of grounds; classrooms and toilet facilities
that allow access of wheelchairs or other medical devices; special seating arrangements; adaptive
equipment for the hard of hearing or visually impaired; paid aids to assist some who are severely
disabled or disruptive if not attended to; and specially trained teachers. All of this is quite expensive
and often beyond the reach of schools where resources are limited. However, keeping students with a
disability in the mainstream encourages the acceptance in the community following graduation. It
increases familiarity with and reduces prejudice against individuals with disabilities. Parents who see
other children with disabilities enrolled in school are more apt to also enroll their child with a
disability. Inclusion exposes children without disabilities to those with disabilities and encourages
them to work together while in school. Inclusion should also become the norm in environments
outside the classroom. Without inclusion, countries cannot achieve “Education for All.”
Unfortunately, children with disabilities are less likely to start school, less likely to be promoted, and
less likely to complete the primary grades (Table 24.4). In Malawi, Namibia, Zambia, and Zimbabwe,
between 9% and 18% of children without a disability had never attended school as compared to 24%
to 39% of children with a disability [10]. Only 300 (3%) of the estimated 10,000 deaf children in
Rwanda were enrolled in primary or secondary school [126].

Barriers faced by parents with children who have a disability include hesitancy to send their child
to school as they may be the only child with a disability in the school, stigma, myths, harassment,
accessibility to classrooms and appropriate desks, toilet facilities that do not accommodate some
children with disabilities, and a lack of adequately trained teachers in special education. Other issues
include the following:

• Lack of assistive technology: WHO estimates that in many low-income countries, only 5–10% of
those who need assistive technology actually have access to it. Devices listed as assistive tech-
nology include those for mobility (crutches, wheelchairs, braces, special toilet seats); vision
(eyeglasses, white cane, Braille for reading); hearing (hearing aids); communication (cards with
text, communication board); and cognition (picture-based instruction, adaptive toys, and games).

Table 24.4 A comparison of educational levels obtained by individuals with disabilities to those without disabilities in
LMICa

Individuals Low-income countries High-income countries All countries

Not disabled
(%)

Disabled
(%)

Not
disabled

Disabled
(%)

Not
disabled

Disabled

Male
Primary school
completed

55.6 45.6 72.3 61.7 61.3 50.6

Female
Primary school
completed

42.0 32.9 72.0 59.3 52.9 41.7

18–49 years of age
Primary school
completed

60.3 47.8 83.1 69.0 67.4 53.2

50–59 years of age
Primary school
completed

44.3 30.8 68.1 52.0 52.7 37.6

Over 60 years of age
Primary school
completed

30.7 21.2 53.6 46.5 40.6 32.3

aSource WHO. World Report on Disability 2011. Table 7.1, page 207. [10]
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• School problems: accessibility, harassment, poorly trained and underpaid teachers, inappropriate
curriculum, grouping of students, labeling of students and either underestimating capabilities, or
setting unattainable goals.

In 2008, Snider and Takeda presented a paper to the World Bank outlining the components and
benefits of cost-effective, flexible, and inclusive universal design that removes physical barriers, as
they are major obstacles to social inclusion for those with limited capacities. The focus of the report
was not just on education but included transportation, urban development, water and sanitation,
health, as well as postconflict and natural disaster situations [127].

Employment

Data on employment rates in low- and middle-income countries (LMICs) are sparse. However, where
there are data, employment rates are universally lower for the population with disabilities than for the
overall population. In the USA, the ratio of employment of individuals with disabilities and those
without disabilities is around 52%, whereas in South Africa, it is 30% [10]. However, the ratio is quite
variable as detailed in the list of countries in Table 24.5.

It is hard to interpret or reconcile such figures as disabilities may be defined differently in the
various countries. The World Health Survey of 51 countries gives employment rates for men with
disabilities of 52.8% versus 64.9% without disabilities [10]. For women with disabilities, the
employment rate is 19.6% versus 29.9% for those without disabilities. However, most of these
estimates are not very accurate as statistics are not kept, many individuals with disabilities are not
looking for jobs and hence are not counted as part of the workforce, and a significant number of
individuals with disabilities work in the informal economy and therefore do not appear in the labor
statistics [10]. The type of disability an individual has also influences their employability. Those with
physical impairments often need more time to get to work or to maneuver in the workplace and/or
need special accommodations to be as productive as those who are not disabled. They have more
medical problems and hence require more time off for medical visits. Those who have intellectual
impairments have a different disadvantage, and it is estimated that they are 3–4 times less likely to be
employed than those without cognitive disabilities [128].

Table 24.5 A comparison of rates of employment of individuals with disabilities to those without disabilities in
selected countriesa

Country Employment rate (%) of people with
disabilities

Employment rate (%) of overall
population

Employment
ratio

Canada 56.3 74.9 0.75

Netherlands 39.9 61.9 0.64

Australia 41.9 72.1 0.58

USA 38.1 73.2 0.52

Japan 22.7 59.4 0.38

Malawi 42.3 46.2 0.92

Zambia 45.5 56.5 0.81

Mexico 47.2 60.1 0.79

Peru 23.8 64.1 0.37

Poland 20.8 63.9 0.33

South
Africa

12.4 41.1 0.30

aSource WHO. World Report on Disability 2011. Table 8.1, page 238. [10]
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The cost of disability is high for the individual, their family, and their community. The impact of
disability on poverty for all three levels is great. For instance, the lack of schooling and employment
for disabled individuals and their care providers in Bangladesh results in an annual loss of income
estimated at $1.2 billion US dollars or nearly 1.7% of the gross national product [129]. A study by the
International Labour Organization of LMICs estimated that the economic cost of disability equals
3–5% of the gross domestic product [130].

Conclusions

The major conclusions for this chapter on DD in LMICs are as follows:

• DDs differ from disabilities in general in that DDs are physical or mental conditions (or combi-
nations of these) that impair an individual’s ability to function prior to age 22 (US definition),
while disabilities can occur throughout life and have increasing prevalence with advancing age.

• Data on the prevalence of DD in low-income and middle-income countries (LMICs) remain
limited, but improvements in data collection methods in the last 15 years have provided a better
understanding of the underlying burden of disability.

• Knowledge about genetic factors underlying DD has increased at a remarkable pace with the
advent of genomics and new technologies in molecular genetics, and all the while, investigators
have continued to identify environmental exposures associated with the occurrence of DD.

• The identification of interactions between specific genes (or gene variants) and environmental
exposures has increased dramatically in the past few decades; in contrast, the search for
gene-environment interactions with respect to DD is just beginning.

• Evaluation of early childhood development programs in LMICs suggests that parenting education
and support and enrollment of children in preschools provide the most effective means of
improving developmental outcomes in these countries.

• Poverty and malnutrition go hand in hand and are particularly prevalent and severe in LMICs; the
coupling of these two maladies results in undernutrition and micronutrient deficiencies in the
pregnant women with devastating effects on the brain of the fetus and results in an alarming
number of infants born with a DD.

• Children with DD are destined to live with compromised abilities and opportunities and have
problems that continue into adolescence and adulthood; the cycle may be repeated.

• Some fairly common DDs such as attention deficit/hyperactivity disorder, autism spectrum dis-
orders, CP, trisomy 21, and spina bifida are associated with feeding and/or nutritional problems
that often result in growth deviations.

• Childhood and neonatal mortality have dramatically decreased worldwide and in LMICs since
1990, but children in LMICs are at high risk for many adverse health conditions, including DD.

• Two very important treaties that have strong positive implications for individuals with disabilities,
the Convention on the Rights of the Child and the Convention on the Rights of Persons with
Disabilities, have been signed by most of the countries in the world, but are worth little without
the will of governments to enact the policies they contain and unless societal views change to
embrace diversity and respect all people despite their limitations.

• Both these conventions address the right for all children to have an appropriate education in an
inclusive environment that will prepare them for life after school and guarantee non-discrimination
for employment, but the world awaits their full implementation.
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Discussion Points

• What is the role of poverty in the generational cycle of developmental disabilities?
• Which micronutrient(s) if added as a supplement to foods do you think would have the greatest

impact on decreasing the prevalence of developmental disabilities and why?
• Why might we expect to find in LMICs’ interactions involving gene variants and environmental

exposures that have not been previously identified?
• How might the development of new technologies in genetics and genomics affect the frequency

with which developmental disabilities are identified in LMICs?
• How might you use the two important conventions (the Rights of the Child and the Rights of

Persons with Disabilities) to push governments to enact national policies to improve the lives of
those with disabilities?
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Chapter 25
Adolescent Health and Nutrition

Jee Hyun Rah, Satvika Chalasani, Vanessa M. Oddo and Vani Sethi

Keywords Adolescents � Adolescent girls � Teenage pregnancy � Child marriage � Platforms for
reaching adolescents � Adolescent nutrition
Learning Objectives

• Explain why adolescence is a critical period for improving nutritional status.
• Summarize the major factors that can lead to malnutrition during adolescence.
• Compare the short-term and long-term impacts of social and physiological determinants of

nutritional status during adolescences.
• Identify direct and indirect nutritional interventions that are directed toward adolescence.
• List delivery platforms used to reach adolescents with nutrition interventions.

Introduction

The 2012 Lancet Series on Adolescent Health opens by stating that “Adolescence is a life phase in
which the opportunities for health are great and future patterns of adult health are established.” This is
especially important in light of the fact that, of the 7.3 billion people in the world in the year 2015,
42% or more than three billion were under the age of 24, and 16% or an estimated 1.2 billion were
adolescents (between the ages of 10–19) [1].
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Although the definition of adolescence varies between geographic and cultural contexts, the UN
System generally defines this second decade of life as the period of adolescence [2]. The sheer size of
this demographic compels our attention today, as societies across the world grapple with the chal-
lenge of how best to respect, protect, and fulfill the rights of individuals in this age
group. Adolescents not only have unique needs that must be addressed so they can experience an
adolescence befitting their capabilities, but what happens in this period of life often determines their
own future outcomes as adults, as well as those of the next generation.

Nutritional status during adolescence and eating behaviors acquired during this period have
implications for their current health, their health as adults, as well as the health of their infants and
children. This chapter discusses these linkages, and presents various policy and programmatic options
that can positively influence these linkages.

Adolescence and Youth—A Window of Opportunity

There is increasing recognition today of the opportunities and challenges a young world presents.
While older populations (60 and above) are the fastest growing demographic in many parts of the
world, the poorest countries of the world remain young, and over the next 15 years, it will be their
large young populations who begin to enter the workforce. Preparing several generations of young
people for healthy, safe, and productive lives poses a significant challenge in these countries espe-
cially if they are to capitalize on the demographic dividend that now high-income countries like South
Korea have benefited from.

The demographic dividend refers to the accelerated economic growth that countries can experience
as a result of specific population changes. Countries with large young populations, if they experience
reductions in fertility rates, will have a window during which larger shares of the population are of
working age than before. The ratio of young and old dependents to working-age adults declines,
which can raise output and savings per capita, and lead to improvements in human capital and
economic growth. However, the right social and economic policies and investments are needed early
on for the window to open, and for the dividend to be realized. Firstly, investments in family health
are needed to initiate, accelerate, and sustain a decline in fertility. These include voluntary family
planning, maternal health, and child health. Secondly, investments in human capital are needed to
create the environment where young people are prepared for absorption into dynamic sectors which
will translate into economic growth. The environment can be created with policies that improve
access to education and relevant skills, especially for girls, trade portfolio diversity, infrastructure
quality, job creation, and labor flexibility [3].

As Fig. 25.1 shows, among all the major regions, sub-Saharan Africa is the youngest, with more
than 60% of the population under the age of 24, and the adolescent population as high as 25% of the
total population in some countries.

The Unique Lives and Needs of Adolescents

We understand more about adolescence today than we ever did in the past, including exciting new
developments in understanding brain development during puberty [4]. Why examine the lives of
adolescents as an important demographic in their own right? It is precisely because adolescence is a
time distinct from childhood and adulthood. It is a time dense with transitions—physiological,
psychological, and social.

560 J.H. Rah et al.



Focusing briefly on the latter, there are several critical life events that occur during adolescence,
social transitions that are widely considered to be markers of adulthood. These events include the
transition to citizenship, to work, to marriage, and to parenthood. When young people are physically
and psychologically ready for these transitions, and when they have been adequately prepared, these
transitions are often considered successful. However, when these transitions are premature, they
constitute severe violations of the rights of young people, and they become rights costly to recover, or
rights irremediably lost.

The difference in the onset of female and male puberty, the difference in the reproductive roles of
males and females, as well as the deeply inegalitarian gender norms that prevail in most contexts,
mean that girls are at much higher risk of unsafe transitions to adulthood that impact their health and
nutritional status. Therefore, this chapter focuses primarily on adolescent girls, not to the exclusion of
adolescent boys but somewhat more proportionate to the gender-specific elevated risks that girls face.

Child Marriage and Adolescent Pregnancy

Two of the most significant unsafe transitions to adulthood among adolescent girls, with important
implications for adolescent nutrition, are child marriage and adolescent pregnancy. Child marriage,
the accompanying (often non-consensual) sexual initiation, early/unsafe/unwanted pregnancy, school
dropout that either precedes or follows both of these events—all of these constitute gross violations of
the rights of girls, and also severely impede their preparation for adulthood. Despite repeated
international commitments setting the minimum age of marriage at 18, approximately 13.5 million
girls are still married under the age of 18 each year in developing countries. Of these, nearly one-third
is married before the age of 15 [5]. Further, each year, 7.3 million girls in developing countries will
give birth before the age of 18 and 90% of them will give birth within marriage or union [6].

The numerous individual and social costs of early marriage and pregnancy are undeniable. One
specific example is their direct effect on the maternal health of adolescents. Complications from
pregnancy and childbirth are the second leading cause of death among girls aged 15–19 years in
many low- and middle-income countries [7]. Adolescent girls aged 15–19 have a slightly elevated
risk of maternal mortality compared to young women aged 20–24. Girls under 15 are thought to be at
an even higher risk (although this has been documented only on occasion) [8, 9]. All of these factors
impact nutritional status of adolescents as detailed below.

Fig. 25.1 Percentage of each country’s total population aged 10–19 years. Source Author’s calculations using data
from World Population Prospects 2015. Map made using DevInfo. Note The boundaries and names shown, and the
designations used on these maps do not imply official endorsement or acceptance by the United Nations
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Adolescent Nutrition Globally

Complete and comparable global data on adolescent nutritional status are not currently available.
However, the available evidence on undernutrition, overnutrition, and micronutrient deficiency paints
a challenging picture of nutrition among adolescents.

Iron deficiency has been identified as one of the main risk factors contributing to
disability-adjusted life years in 10–24-year-olds [10]. Figure 25.2 provides some estimates of
prevalence of mild, moderate, or severe anemia among adolescent girls aged 15–19, derived from the
most recent Demographic and Health Survey (conducted in 2005 or later). Estimates range from a low
of 13% in Honduras, to a high of 68% in Yemen.

In terms of undernutrition, a 2014 report shows that among the 47 countries that measure body
mass index (BMI) of younger adolescents in the GSHS, at least 10% of boys in 13 countries and 10%
of girls in 10 countries are underweight (according to BMI for age). Most of the countries with a high
prevalence of underweight are in the Africa or Southeast Asian regions. There are no low- or
middle-income countries in the Americas with more than 10% of younger adolescents underweight
[11]. Figure 25.3 shows evidence from the most recent Demographic and Health Surveys (2005 and
later). Bangladesh, Ethiopia, India, Niger, Senegal, Timor Leste, and Yemen all show very high levels
of underweight (as measured by the percentage of adolescents with a body mass index [BMI] of less
than 18.5) with 30% or more of adolescents 15–19 being underweight. In all countries, underweight
among adolescents was higher than among all women of reproductive age. Note that while the DHS
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Fig. 25.2 Percentage of women of reproductive age, and adolescent girls 15–19, with mild, moderate, or severe
anemia. Graph created with StatCompiler using most recent Demographic and Health Survey conducted in 2005 or later
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uses the standard cutoff of BMI of 18.5 for all women of reproductive age 15–49, WHO also has a
growth reference chart specifically for school-aged children and adolescents, which includes females
15–19. Use of the BMI-for-age chart classifies a smaller proportion as underweight as compared to
applying the cutoff of 18.5.

Undeniably, risks for later life non-communicable diseases are spreading rapidly worldwide, with
greater rates of tobacco use and overweight, and lower rates of physical activity, predominantly
occurring among adolescents living in low-income and middle-income countries [12]. It must be
noted that stunting and overweight coexist in many developing countries, and stunting increases the
risk of subsequent obesity and non-communicable diseases.

A 2014 report clearly described regional differences in the prevalence of obesity. African and
South and Southeast Asian countries have the lowest levels of obesity among both younger and older
adolescents, but there is wide variation within regions. Among the 56 countries where younger
adolescents’ heights and weights are measured, in 14 countries more than 10% of boys are obese, as is
the case for girls in 9 countries. High rates of obesity are reported in some Western Pacific and
Eastern Mediterranean countries. In most of the 21 countries with STEPS data (STEPwise approach
to non-communicable disease risk factor surveillance) for older adolescents, young women had
higher rates of obesity than young men. Again, the highest levels were in the Western Pacific Region.
In 6 of the 21 countries, obesity rates were 10% or higher among older adolescents. Rates of
overweight and obesity in Europe and North America were measured in the Health Behavior in
School-aged Children study, with self-reported height and weight data. Only one country, the USA,
reported obesity prevalence of 10% or higher [13].

Trends in most middle- and high-income countries in Europe and North America show no change,
but 8 of 32 countries report increases in the proportion of boys or girls who are obese [13]. The
limited available data on obesity incidence in Africa suggest that obesity is increasing among ado-
lescents. In South Africa, only 0.2% of children aged 8–11 were overweight or obese in 1994 but by
2004, this had increased to 2.2% of boys and 4.4% of girls [14]. In China, over the past 20 years,
there has been a dramatic rise in obesity among children and adolescents. Between 1985 and 2005,
overweight and obesity among those aged 8–18 increased from 2% among boys and 1% among girls
to 14% of boys and 9% of girls—a total of 21 million children [15].
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Growth and Development of Adolescents

Puberty is defined as “a process of physically developing from a child to an adult” which is char-
acterized by acceleration of the growth rate, a growth spurt, and maturation of the reproductive
system [16]. Marked alterations in secondary sexual characteristics occur during this period, along
with changes in body size, shape, and composition [17]. Whereas a substantial variation exists in the
timing and tempo of pubertal growth and maturation, the sequence of events at puberty is relatively
consistent [16, 18]. The physical changes and development characteristic of adolescence are sec-
ondary to the pubertal hormonal changes.

Due to the acceleration of pubertal height gain, approximately 15% of final adult height is attained
during this stage in life. In the course of the pubertal growth period, a total of about 25 cm of height is
gained; 7.5–12.5 cm of this gain occurs during the period of peak height velocity [17]. Although most
girls grow 5–7.6 cm after menarche, a greater amount of stature may be gained among those with
early menarche [16, 17]. Puberty is a time of substantial weight gain during which approximately
50% of final adult weight is gained [16, 17]. Peak weight gain velocity often occurs about six months
after peak height gain velocity and reaches 8.3 kg per year [17].

Remarkable changes in body composition take place in adolescence. Before reaching puberty,
boys and girls tend to have similar proportions of muscle and fat and lean body mass [16]. However,
during puberty, girls accumulate relatively more fat than muscle tissue and major deposition of
adipose tissue occurs around the breasts, hips, and gluteal region [16, 18]. An increase in lean body
mass, which occurs uniformly in both sexes up until the age of 12–13 years, terminates at around
15 years of age in girls while extending until late puberty in boys [18]. In adults, the percentage of
body fat is about 23% in females and 15% in males and lean body mass is 1.5 times greater in males
than in females [17, 18].

Adolescence is also a period of rapid bone accumulation. Nearly one-third of total bone mineral is
deposited within the first 3–4 years of puberty,1 and more than 90% of peak bone mass is accumulated
by 18 years of age [17, 18]. Impaired skeletal mineral accretion during adolescence in association with
delayed puberty may lead to reduced peak bone mass in adulthood, increasing the potential for
fractures [17, 18]. Growth in pelvic birth canal is slow and continues through late adolescence, as a
large percentage of it is achieved after menarche [19]. The time of pelvic birth canal growth is different
from the growth in stature, which is largely completed by the onset of menarche [19].

Determinants of Adolescent Growth

Physical growth and maturation during adolescence are influenced by a number of factors that may be
broadly classified as hormonal, genetic, and environmental factors which continuously interact to
modify an individual’s growth [17, 18]. Environmental conditions such as low socioeconomic status
(SES) and poor nutrition may be the major cause of suboptimal growth of teenagers in less-developed
countries.

SES has been widely accepted as a determinant of somatic growth and development during
adolescence as illustrated by cross-sectional and longitudinal research [20, 21]. In most developing
countries, chronic mild to moderate undernutrition influences growth and development at every stage
of life including adolescence. In a state of undernutrition, two important concerns regarding ado-
lescent growth emerge. The first concern being whether the pubertal growth spurt is impaired, which

1Puberty is defined as “a process of physically developing from a child to an adult” which is characterized by
acceleration of the growth rate, a growth spurt, and maturation of the reproductive system [16].
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may negatively affect final adult size, and the second concern being if catch-up growth takes place
during adolescence, which would make up for suboptimal growth during childhood.

The impact of chronic malnutrition on the timing of pubertal growth and sexual development has
been well established. There is good evidence to suggest that the onset of puberty, menstruation, and
peak height velocity is delayed, and the duration of puberty prolonged in a population that suffered
undernutrition [22–26]. Yet, the effect of malnutrition on other physical dimensions of growth,
including weight or body composition, has been less well defined as most studies have focused on
statural growth. In a state of nutritional stress, pubertal changes represented by other anthropometric
indices are likely to be compromised, as reflected by a longitudinal study of rural Indian boys which
reported a smaller total weight gain during adolescence compared to that of a well-nourished British
population [27].

It is unclear whether catch-up growth takes place in malnourished adolescents who remain in
deprived circumstances without nutritional intervention. In situations where malnutrition is pervasive
without nutritional interventions, a wide variation exists in compensatory growth during adolescence.
Whereas prospective studies of Guatemalan children and rural Indian boys implied an absence of
catch-up growth during puberty [23, 27, 28], varying degrees of recovery of early childhood growth
retardation occurred in some adolescent populations [29–31]. Adoption and immigration studies
consistently show the potential for catch-up growth under improved circumstances [32–36].
However, the specific environmental factors that induce compensatory growth are unknown. It is
plausible that improved nutritional intake of macronutrients and micronutrients from late childhood
through adolescence will stimulate compensatory growth. Yet, this assumption requires further
research as the supplementation may trigger an earlier onset of menarche that would lead to a shorter
pubertal growth period. Moreover, further research is also needed to determine whether specific
dietary components contribute to accelerated pubertal growth.

Residential factors including rural environment, high altitude, intensive child labor and sports
training, and the presence of sickle cell anemia have each been shown to be associated with slow
pubertal growth. Teenagers residing in urban areas are known to exhibit better indicators of growth
and accelerated sexual maturation compared to those residing in rural areas. High altitude, due to the
effect of hypoxia, is generally found to delay pubertal growth and sexual maturation and to decrease
the magnitude of growth. This association remains significant after controlling for the influence of
confounding factors such as SES and genetic background, although the effect becomes smaller.
Growth retardation in combination with delayed sexual and skeletal maturation is commonly
observed in children and adolescents with sickle cell disease.

In addition, increasing evidence suggests that iron deficiency and helminthiasis causes slow
physical growth during adolescence. It has been postulated that loss of appetite, one of the symptoms
of anemia, might be responsible for growth retardation among anemic children, and thus, treating
anemia, for example by iron supplementation, might improve growth by correcting anorexia. Based
on the existing evidence, it is likely that the provision of iron to anemic adolescents produces
accelerated growth in weight, height, and other anthropometric measurements. The determination of
whether the acceleration in growth induced by iron supplementation can be extended over a long
enough portion of puberty to compensate for earlier growth deficits need further study.

Adolescent Growth and Nutritional Status in Relation to Pregnancy

In low- and middle-income countries, chronic undernutrition may substantially delay physical mat-
uration and extend the adolescent growth period beyond 20 years of age, potentially overlapping with
the age of first pregnancy. In general, the increased nutritional needs of the mother and the fetus are
delicately fulfilled through physiological and metabolic adaptations that occur during pregnancy.
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However, in certain situations of inadequate nutrient supply, a balance between the maternal and fetal
demands lies beyond the control of physiological adjustments, and thus, a biological competition for
nutrients between the mother and her fetus becomes inevitable.

Pregnancy in adolescence, when active growth is occurring in both the young mother and the fetus,
is likely to face limited nutrient availability relative to both maternal and fetal requirements. To date,
most studies of nutrient partitioning during adolescent pregnancy have focused on well-nourished
populations living in high-income countries [37–42]. Studies conducted in developed countries have
suggested that nutrients are favorably partitioned to promote rapid maternal growth at the expense of
the fetus in pregnant adolescents [37–42].

In poor rural populations in low-income countries, a large proportion of adolescents enter preg-
nancy with poor nutritional status and are likely to have suboptimal intake of nutrients during
pregnancy and lactation. In this case, both adolescents who undergo pregnancy followed by a long
period of lactation and their baby are likely to have less than optimal growth and nutritional status. It
has been proposed that normal fetal growth is maintained only when adequate nutrient supply is
available to support maternal growth or weight gain [43]. Thus, in conditions of limited nutrient
availability, fetal growth is likely to be compromised in order to maintain maternal growth. However,
with more severe nutrient restriction, it has been suggested that maternal nutritional depletion and
impaired growth of the fetus are likely to occur concurrently due to the competition and inadequate
availability of nutrients for both the growing teenage mother and the fetus.

Previously, it was believed that growth was largely completed by the time adolescent girls become
pregnant, and thus, the majority of pregnant teenagers did not grow anymore or did so only marginally
during pregnancy. This was based on the notion that pregnancy occurs subsequent to menarche, when
growth rate drops to nadir [42]. However, in a revolutionary study conducted in Camden, NJ, which
measured changes in knee height during adolescent pregnancy, it was demonstrated that a large
proportion of adolescents were still growing in stature during pregnancy [44, 45]. Scholl et al. refuted
previous studies as being influenced by a “downward bias” due to the tendency of most gravidas to
measure slightly less in stature during pregnancy as a result of vertebral compression or weight gain
[44, 45]. Using a knee height measurement, which is less susceptible to the “shrinkage” effects of
pregnancy on the spine, the study found a significant increase in height [44, 45].

Recent evidence from low- and middle-income countries suggests the negative impact of teenage
pregnancy on linear growth of young mothers. In a study of Brazilian adolescents, the attained height
at age 19 was inversely associated with having a history of pregnancy during adolescence and each
pregnancy was associated with a 0.46 cm reduction in height changes between age 15 and 19 years
[46]. A study done in Mexico City showed that pregnant adolescents <18 years of age did not grow in
height between the second trimester of pregnancy and 1-month postpartum, whereas never-pregnant
adolescents matched on age, menarche age, BMI, and SES continued to grow during a 5-month
period [47]. In particular, a study was conducted in rural Bangladesh, where 49% of adolescent girls
were stunted and 40% underweight, and where *25% of pregnancies occur among adolescents [48].
Childbearing during adolescence was found to hamper post-menarcheal linear growth, and it was
concluded that the cessation of linear growth in adolescents due to an early pregnancy might result in
an overall loss of between 0.6 and 2.7 cm in attained height in rural Bangladeshi women, which may
contribute to stunting [48].

The potential negative impact of pregnancy during adolescence on maternal linear growth may be
explained by the inadequate nutrient supply to support maternal growth due to the competition for
nutrients between the teenage mother and the fetus [43]. Another potential mechanism, which remains
to be examined, is the acceleration of epiphyseal closure due to the increased estrogen concentration
during pregnancy [49]. Epiphyseal closure is normally induced by an increased secretion of estrogen
during puberty [49]. In adolescents, pregnancy may cause an earlier cessation in bone growth and
thus a decrease in their final height and increased cephalopelvic disproportion (an unborn child’s head

566 J.H. Rah et al.



being too large to enter or pass through the birth canal) due to the effect of elevated estrogen on
stimulating epiphyseal closure [49].

Available information from low- and middle-income countries has also shown that pregnant girls
lose weight, body mass index, and mid-upper arm circumference by six months postpartum [48]. The
depletion of maternal fat stores and lean body mass during pregnancy and early stages of lactation,
especially among adolescents who become pregnant at an earlier gynecological age (defined as time
between menarche and first pregnancy), may affect the outcome of future pregnancies and increase the
risk of maternal morbidity and mortality [48].

Micronutrient Deficiencies and Anemia in Adolescents in Low-
and Middle-Income Countries

Rapid growth and development during puberty markedly elevates the physiological demands for
energy and micronutrients in adolescents. Suboptimal food and nutrient intake during this period
place adolescents at an increased risk of nutritional deficiencies, which compromise teenagers
functionally and developmentally. Specifically, adolescents in developing countries may be chal-
lenged to meet their nutritional requirements due to limited food availability in association with
poverty, poor quality diets, and lack of nutritional knowledge. Inability to meet nutrition requirements
in adolescence may lead to poor growth and nutritional status.

Cross-sectional data on dietary intake of teenagers in low- and middle-income countries revealed
that intakes of various nutrients were below the recommended amount, and findings were worse in
relation to micronutrients compared to energy and macronutrients [50, 51]. For instance, the per-
centage of adolescents consuming below 70% of the Recommended Dietary Allowances (RDA) in
selected states in India was more than 80% for vitamin A, 70% for riboflavin, 80% for calcium, 75%
for iron, and 50% for vitamin C among adolescent girls 16–17 years of age [51].

Anemia is a serious health problem in developing countries affecting 32–97% of teenagers [52].
Among Bangladeshi adolescent girls of low SES aged 12–19 years working in garment factories,
44% were found to be anemic (hemoglobin < 120 g/L) and about 56% had suboptimal serum retinol
concentration (<1.05 µmol/l) [53]. In general, about 50% of anemia is assumed to be due to iron
deficiency, while in malaria-endemic areas, the proportion can be slightly less at 40% [54].

A few studies that assessed the food consumption of pregnant adolescent women in low- and
middle-income countries reported that their overall nutrient intake was insufficient [55]. Evidence of
poor nutritional status of adolescents during pregnancy has been reported in some low- and
middle-income countries. Among pregnant rural Indian adolescents with amean age of 17.8 years, 46%
were found to bemild tomoderately anemic (hemoglobin 70–110 g/L), and 16 and 57% to be vitaminA-
and iodine-deficient [56]. Also, in a study of Mexican pregnant adolescents aged 11–17 years who
visited a prenatal care clinic, about 80% were found to be anemic due to iron deficiency [57].

Intervention Strategies and Delivery Platforms

Improving the nutritional status of adolescent girls is important for their own health, growth, and
development, as well as for addressing intergenerational effects, because women’s pre- and peri-
conceptional nutritional status is strongly associated with birth outcomes [58]. Acceleration of pro-
gress in improving adolescent nutrition will require a range of effective, large-scale, complementary
nutrition-specific and nutrition-sensitive interventions. Intervention coverage and the platforms
through which these interventions are delivered vary widely by country, but largely include school-,
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community-, and health-based platforms, as well as social safety nets. Despite increasing evidence of
effective intervention strategies and delivery platforms, program implementation gaps persist. This
section provides an overview of relevant nutrition-specific interventions addressing the immediate
causes of undernutrition (i.e., dietary intake and micronutrient deficiencies in particular), and
nutrition-sensitive interventions addressing the underlying and basic causes of undernutrition (i.e.,
delaying age at marriage and first pregnancy).

Nutrition-Specific Interventions

Overall, nutrition-specific programs targeting adolescents are relatively new, and the coverage is still
low in many countries. Nevertheless, international consensus suggests a multi-intervention approach
[59]. Primarily, two nutrition-specific interventions have been implemented in order to reduce
undernutrition among adolescent girls, including iron or iron and folic acid (IFA) supplementation
and improving dietary intake through dietary diversification or fortification.

Improving Iron and Folic Acid Status

Recent reviews demonstrate that iron supplementation may be an effective means of increasing iron
stores [60] and more generally, in reducing anemia, in adolescent girls [61]. Improving iron status
among adolescent girls preconception is critical as preconception anemia increases the risk of iron
deficiency anemia during pregnancy [62] and poor fetal and neonatal outcomes, including low
birthweight and fetal growth restriction [63]. Additionally, periconceptional folic acid supplemen-
tation among women of reproductive age effectively prevents neural tube defects (NTD) [64].
Globally, two major public health interventions are recommended to improve IFA status including
(1) food-based intervention strategies such as dietary diversification and food fortification with iron,
folic acid, and other essential vitamins and minerals, and (2) oral iron supplementation and peri-
conception folic acid supplementation.

Among the food-based approaches, dietary diversification is the most sustainable approach, but it
is difficult to implement given both the actual quantity of iron intake and bioavailability of dietary
iron consumed are largely low [58, 65], particularly in low- and middle-income countries where
animal source foods, and thus heme iron which has good bioavailability, are less widely available and
consumed. Food fortification can be an effective way to reduce prevalence of iron deficiency anemia
and NTDs [66]. Food fortification can be universal, targeted, or occur at the household level.
Universal fortification is the most cost-effective way to reach the population; however, successful
universal fortification relies on various factors such as identifying a processed food that most people
consume. Therefore, coverage of universal fortified commodities such as wheat or maize flour is often
limited in rural areas. Targeted fortification is particularly important in resource-poor areas and for
subgroups (e.g., displaced populations). Household- or institutional-level fortification (also called
home fortification or point-of-use fortification) typically involves the distribution and utilization of
micronutrient powders or small-quantity lipid-based nutrient supplements. However, there is yet very
limited experience with the use of home fortification among adolescents. Although an effective and
feasible strategy in low- and middle-income countries, levels of fortification, fortificants, and staple
foods (wheat, rice, maize) must be tailored to the context of the country and community [67].

Iron supplementation is often recommended given that the iron requirement of adolescent girls is
difficult to satisfy even with good-quality, iron-fortified diets [68]. Additionally, periconception folic
acid supplementation reduces incidence of megaloblastic anemia and improves red cell folate
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concentrations to levels associated with a reduced risk of NTDs [69–71]. A recent review of inter-
vention strategies targeting adolescents (in both low- and middle- and high-income countries) indi-
cated moderate quality evidence of an overall substantial and significant reduction in anemia with IFA
supplementation [61]. Community‐based studies did not impact anemia or hemoglobin levels, while
school‐based delivery of interventions significantly reduced anemia and low ferritin levels, and
improved hemoglobin concentration and iron status among adolescents.

The World Health Organization (WHO) recommends preventive iron and folic acid supplemen-
tation (60 mg/day iron with 400 mcg folic acid) for 3 consecutive months per year throughout
adolescence among populations where anemia prevalence in pubertal girls is severe (>40%) [72]. If
anemia is diagnosed in an individual, daily iron (120 mg) and folic acid (400 mcg) supplementation
is recommended. However, early trials exploring the effectiveness of IFA among adolescent girls in
India found weekly IFA supplementation to be a practical and effective strategy to prevent anemia in
school-going adolescent girls [73]. Trials indicated that the differences in hemoglobin concentration
among daily and weekly treatment groups were small and that under supervised conditions, weekly
IFA would impact on the prevalence of anemia in adolescent girls and be more effective than daily
supplementation. As there is limited evidence for the effective dose of folic acid in intermittent
supplementation, the recommendation for the folic acid dosage is based on the rationale of providing
once a week seven times the daily recommended supplemental dose to prevent neural tube defects
(0.4 mg daily or 2.8 mg of folic acid and 60 mg of elemental iron weekly) [74].

Adolescent IFA supplementation has been implemented in several contexts, including India,
Mozambique, Cambodia, Egypt, Laos, the Philippines, and Vietnam. In particular, India has
implemented a successful IFA supplementation program which was first scaled-up in 2006 utilizing
the Integrated Child Development Services (ICDS) channel for school-going adolescent girls and
Anganwadi centers. In addition to IFA supplementation, the program introduced biannual deworm-
ing, a hot cooked meal or a take-home ration, and counseling and support to adolescent girls on how
to improve their diets, prevent anemia, and minimize the potential side effects of IFA supplementation
and deworming. By 2011, the Adolescent Girls’ Anaemia Control Programme had increased its reach
and coverage to 13 states (reaching 27.6 million adolescent girls) [75]; subsequently, the National
Weekly Iron and Folic Acid Supplementation Programme was launched in 2012 to expand benefits to
all adolescent girls in India.

Despite success in India and other contexts, non-compliance may limit effectiveness of IFA [76],
and in malaria-endemic areas, iron and folic acid supplementation should accompany measures to
prevent, diagnose, and treat malaria, given the coexistence of anemia of malaria and iron deficiency
anemia. Further, because folic acid is needed around the time of conception, when adolescent girls
may not be reached by the platform that distributes IFA, and they may not plan to become or know
that they are pregnant, fortification of foods may be a more effective way to ensure adequate folic acid
status around conception.

Improving Dietary Intake

Balanced energy and protein (BEP) supplementation is one way to improve dietary intake among
adolescents; however, BEP is not implemented at scale and there is no evidence that BEP at the time
of puberty affects linear growth [77]. However, there are other potential benefits of increasing energy
and protein intake and dietary diversity, including weight gain among thin adolescents, and improved
micronutrient status. Additionally, BEP may benefit the nutritional status of adolescent girls during
future pregnancies given that maternal undernutrition is a risk factor for fetal growth restriction and
adverse perinatal outcomes [78]. Among women of reproductive age, providing a total energy
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supplement, which is comprised of up to 25% protein, effectively reduces SGA and increases birth
weight [79, 80].

In India, where 56% of adolescent girls are anemic and 47% have low body mass index [81],
several programs aim to improve the dietary intake of adolescent girls, including the National Food
Security Act (2013) and the Rajiv Gandhi Scheme for the Empowerment of Adolescent Girls, known
as SABLA. Under the provisions of the National Food Security Act, adolescent girls are provided
balanced protein/energy supplementation using fortified grains (rice) or flour (wheat or millet) with
nine essential micronutrients as a midday meal if they are in school [82]. Additionally, SABLA
ensures that over 11 million out-of-school adolescent girls enrolled in the program receive daily
supplementary foods either as a hot cooked meal or as a take-home ration [83].

Nutrition of Pregnant Adolescents

Salam et al. [84] systematically analyzed 17 interventions aimed at improving the nutritional status of
pregnant adolescents. Interventions included the provision of micronutrient supplements such as
calcium and zinc, in addition to the routine IFA supplementation to adolescent mothers or engaging
them in nutritional education sessions. The package of interventions provided to adolescents differed
across studies; however, data pooled across those interventions suggested an improvement in mean
birth weight (standardized mean difference: 0.25, 95% CI: 0.08–0.41, which is estimated to be
equivalent to >100 g) and decreased low birth weight prevalence (RR: 0.70, 95% CI: 0.57–0.84), and
preterm (RR: 0.73, 95% CI: 0.57, 0.95). Despite evidence that these interventions may be effective at
reducing adverse birth outcomes among pregnant adolescent, few low- and middle-income countries
have implemented such programs at the national level.

Nutrition-Sensitive Interventions

Anthelmintic Treatment

Hookworm and Schistosoma play a role in the etiology of anemia by causing chronic blood loss [85].
Deworming decreases parasitic load where hookworm anemia is endemic, thereby providing some
benefits in improving hemoglobin level. Deworming programs for adolescents have been imple-
mented in several low- and middle-income countries, including India, Indonesia, and Tanzania and
often accompany other complementary intervention strategies. For example, in India, biannual
deworming was integrated into the scale-up of weekly IFA supplementation program for adolescent
girls in 2006, which expanded its reach to all adolescent girls in India in 2012.

Postponing Age at Marriage and First Pregnancy

Postponing age at marriage, and thus first pregnancy, is arguably the most important nutrition
intervention among this vulnerable age group. Early age at marriage is common in low- and
middle-income countries as indicated by estimates that in South Asia, East and Southern Africa, and
West and Central Africa, more than one-third of women are married before the age of 18 [86].
The WHO guidelines on adolescents in developing countries recommend preventing early pregnancy
by (1) preventing marriage before 18 years of age; (2) increasing knowledge and understanding of the
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importance of pregnancy prevention during adolescence; and (3) increasing the use of contraception
among adolescents. Age at conception influences the availability of nutrients during pregnancy [87],
and teenagers are at increased risk of labor complications [88] and adverse birth outcomes [88, 89].

Optimizing Interval Between Pregnancies

Optimizing duration of inter-pregnancy interval is also critical [88]. Infants conceived 18–23 months
after a previous birth have the lowest risks of adverse perinatal outcomes. Both shorter and longer
inter-pregnancy intervals are associated with higher risks suggesting a J-shaped relationship; infants
conceived less than 6 months after a life birth had 1.4 greater odds (95% CI: 1.3, 1.6) of low birth
weight, 1.4 greater odds (95% CI: 1.3,1.5) for preterm birth, and 1.3 greater odds (95 CI%: 1.2, 1.4)
for SGA as compared to infants conceived 18–23 months after the previous life birth [90].

Delaying age at marriage and subsequently first pregnancy is difficult to implement in practice
because marriage customs are engrained in many cultures. Programs that are able to increase
enrollment and retention of girls in schools through cash transfers or reducing access barriers, as well
as programs that empower girls with information and skills, have shown potential in delaying age of
marriage [91, 92]. In particular, a review of 10 trials showed cash transfers linked with schooling
significantly decreased early marriage among adolescents [93]. Additionally, opportunities that
increase adolescent girls’ labor force participation, such as those in the garment manufacturing
industry, often empower girls by providing income, as well as delay marriage.

Delivery Platforms

Improving the nutritional status of adolescent girls in low- and middle-income countries requires a
package of services. Intervention strategies should combine complementary nutrition-specific and
nutrition-sensitive approaches and incorporate various delivery platforms, as appropriate. Broadly,
four types of platforms are used to deliver nutrition interventions to adolescents, which includes
school-, community-, and health-based programs, as well as social safety nets. Perhaps most com-
mon, school-based platforms are often used to deliver energy-dense meals. These programs are
thought to be advantageous in terms of enabling continued school enrollment among adolescent girls
(which may delay age at first marriage) and ability to reach a large segment of the population.
However, estimates suggest that approximately 58 million children of primary school age are not
enrolled in school (and could hence not be enabled to stay in school when they reach adolescence),
31% of who are girls [93]. There is also stark variation in school enrollment by region. In West
Africa, 18.8 million children (27%) are not in school, as compared to Eastern and Southern Africa
(11.0 million or 15%), South Asia (9.8 million or 6%), East Asia (6.9 million or 5%), or Latin
America (3.8 million or 6%) [93]. Rates persist as high as 65% in some contexts (Burkina Faso) and
are above average in several countries in Southern Africa including Zambia and Mozambique [94].
Many countries now include several years of secondary school in their national targets; however, in
sub-Saharan Africa (40%) and South Asia (26%), more than one-quarter of lower
secondary-school-age children are out of school [93]. Therefore, a wide range of non-school-based
programs are needed to target out-of-school adolescent girls.

School-based platforms offer an opportunity to promote health and nutrition for adolescents. In
particular, school food supplementation programs targeting young adolescents facilitate school
enrollment by providing meals, and in some cases, nutrition supplements. These programs are
implemented worldwide [95] as they are a relatively simple way to reach this vulnerable population.
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School meals make important contributions to children’s recommended nutrient intake and also help
establish appropriate eating habits. Major effects on height are not expected with school-feeding
programs; however, when multiple micronutrient fortified foods are provided, school-based platforms
are an effective way to affect micronutrient status among adolescent girls. A review of randomized
evaluations of iron-rich school meals (fortified or providing animal source foods) reports that iron
status improved in three of four studies [96]. Similarly, evaluations of the World Food Programme’s
school-based program in Uganda demonstrated positive effects on nutrition outcomes as a result of
in-school meals and take-home multiple micronutrient fortified foods [97]. Specifically, the school
meals and take-home rations reduced the prevalence of anemia among school-aged girls and adult
women [98]. A nutrition-friendly school initiative in Burkina Faso has also shown potential in terms
of school and community mobilization toward improved nutrition [59].

Community- and health-based delivery platforms are often utilized for providing preconception
care and counseling which aims to educate women of reproductive age about pregnancy and childcare
[99–102] as well as for health and nutrition service delivery. Community-based nutrition that targets
adolescents often focuses on empowerment and is promoted through peer support groups and info-
tainment media (e.g., television), and services are delivered through health care personnel or com-
munity health workers. One such example in India includes expanded health days in order to provide
health, nutritional, and family planning services to adolescent boys and girls with the launch of the
Rashtriya Kishor Swasthya Karyakram [103]. India’s package for adolescents includes tetanus toxoid
immunization, quarterly monitoring of nutritional status, balanced fortified dry food ration providing
25% of recommended energy and proteins, IFA supplements, deworming and counseling on diet,
family and life skills [103].

Adolescent-friendly clinics have been promoted to target this vulnerable group and in order to
provide adolescents with an environment where they can share concerns regarding sexual and
reproductive health, gain access to medical care, and improve access to and provision of a range of
contraceptive methods. While noting the unique needs of and the varied challenges that the poorest
adolescent girls face relative to other young people in accessing such services, there is some evidence
for the potential effectiveness of this approach. A systematic review of the effectiveness of inter-
ventions to improve the use of health services by adolescents in developing countries identified 12
initiatives, including one randomized controlled trial (Nigeria), six quasi-experimental studies
(Bangladesh, China, Madagascar, Mongolia, Uganda, and Zimbabwe), two national programs
(Mozambique and South Africa), and three projects (Ghana, Rwanda, and Zimbabwe), which
demonstrated that actions to make health services adolescent user friendly and appealing had led to
increases—sometimes substantial—in the use of health services by adolescents [104].
Adolescent-friendly clinics have also been shown to significantly improve knowledge and demand for
contraception [84]. Health-based platforms have been successful at delivering multiple micronutrient
supplements to adolescent girls in various contexts including Guatemala [105], Bolivia [106], and
throughout Asia [107]. These interventions are inexpensive when added to existing delivery plat-
forms, can have high coverage, and are well accepted [108].

Additionally, mobile technology and text messaging are also potential avenues for intervention,
since texting has become the preferred channel of communication between adolescents and their
peers. There is emerging rigorous evidence that interactive SMS systems can improve reproductive
health knowledge and reduce adolescent pregnancy [109]. However, there is limited data on the
impact of community‐based delivery on nutrition outcomes.

Social safety nets or social protection programs protect vulnerable individuals and households
against risk, and mitigate the impacts of economic shocks. In particular, conditional cash transfer
(CCT) programs assign households to receive money, conditional on, for example, children’s continued
school attendance and being brought in for preventative health and nutrition services [110, 111]. Most
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CCTs target transfers to women, as increasing women’s control over resources will lead to greater
investments in nutrition for the household. For example, [110], Baird et al. [112] found that a cash
transfer of $10 per month conditional on school attendance for adolescent girls in Malawi led to
significant declines in early marriage and teenage pregnancy, by keeping girls in school, which ulti-
mately could impact nutritional status, also of the next generation. Similarly, a review of 10 trials (1
study in the USA, 8 studies in southeast Africa, and 1 study in Cambodia) showed cash transfers linked
with schooling (e.g., secondary education, scholarships, school fee waivers) significantly decreased
school dropout rate [RR: 0.48, 95% CI: 0.36, 0.65] and early marriage among adolescents [RR: 0.57,
95% CI: 0.44, 0.74] [113]. Similarly, in 2008, the World Bank launched a public–private partnership to
promote continued education and the transition of adolescent girls to productive employment in eight
LMIC including Afghanistan, Jordan, Lao PDR, Liberia, Haiti, Nepal, Rwanda, and South Sudan [114].

Conclusion

Adolescence is a critical period marking phenomenal changes in individuals including rapid physical,
psychosocial, sexual, and cognitive maturation, and presents a window of opportunity to ensure
successful transition to adulthood. Nutritional status and eating behaviors acquired during this life
stage have important implications for the health and well-being of adolescents themselves, as well as
intergenerational health outcomes. Available evidence suggests that the prevalence of undernutrition,
overweight, and micronutrient deficiencies is considerable among adolescents. Rapid growth and
development during puberty elevates physiological demands for energy and micronutrients, which is
coupled with suboptimal food and nutrient intake. Their inability to meet nutrition requirements due
to physiological changes is further complicated by two significant transitions to adulthood among
girls that may occur: child/early marriage and adolescent pregnancy. In low-income countries, many
adolescents enter pregnancy with poor nutritional status and have a limited intake of nutrients during
pregnancy and lactation. In this case, both pregnant and lactating adolescents and their babies are
likely to have suboptimal growth and nutritional status. Acceleration of progress in improving
adolescent nutrition will require a range of effective, large-scale, complementary nutrition-specific
and nutrition-sensitive interventions. Despite evidence of effective strategies and delivery platforms,
such as school-, community-, and health-based platforms, program implementation gaps persist.

Discussion Points

• Compare the impact that social factors and physiological changes can have on adolescent nutri-
tional status.

• What are the opportunities and challenges that adolescence presents in the life cycle from a
nutrition standpoint?

• What types of nutrition interventions are best provided by the various delivery platforms?
• What makes the nutrition requirements for adolescent pregnancies especially different from

pregnancies in older women?
• How will the outcomes of direct and indirect interventions differ in how they affect the nutritional

status of adolescents?
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Nutrition in the Elderly from Low-
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Learning Objectives

• Describe the evolutionary approach to how nutrition is associated with aging.
• Identify aging processes that affect nutritional status.
• Compare conditions between low- and high-income countries that affect the nutritional status of

elderly.
• Analyze factors that affect the assessment and interpretation of indicators of nutritional status for

the elderly.

Introduction

Through the millennia of human evolution, nutrient and physical activity requirements evolved to
satisfy the hunter-gatherer lifestyle, survival to reproductive age occurred for a select few, and almost
no one survived to advanced age. Yet, there is an underlying chronobiology of Homo sapiens, which
produces senescent changes from the cellular to the whole body level and limits total lifespan to
*120 years. Currently, median lifespan is extending throughout the world with the majority of older
individuals living in low- and middle-income countries and with increasing numbers of older subjects
living well beyond one hundred years. Worldwide, about 8% of the total population are 65 years and
older. However, that proportion is expected to grow to 12% by 2030 and to 16% by the year 2050 [1]
with the majority of older individuals living in low–middle-income countries.

In low-income societies, the current challenges to medical and nutritional care and services and to
public health policy and programs are significant. However, the future is promising as improvements
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in the medical and nutrition fields, better understanding of the aging process and the support from
new discoveries and technologies are facilitating the world’s securing successful aging for the elderly.

Finally, aging can be defined in practical terms, as commented by Busuttil and coworkers [2], as a series of
time–related processes that ultimately bring life to a close.

The Biology of Human Aging and Survival: An Evolutionary Perspective

For every species, there is a maximal longevity span; that is, there is an age beyond which no member
will survive. For humans, this span is judged to be *120 years [3]. Beyond that age, the human
organism cannot persist. In the wilds of nature, the risks of infections, the vagaries of food supplies
and a food-chain based on a hierarchy of predation assure that most organisms born or hatched do not
even survive to reproduce and even fewer survive beyond the reproductive period. As such, for most
species, the members do not come close to approaching the maximal, biological lifespan.

For over 90% of the up to 400,000 years of the evolution of the genus Homo, our ancestors were
part of the community of animal and plant species in a natural wilderness. Humans were just one wild
species more. Our way of life was that of migratory hunter-gather clans and tribes. Although a few
individuals probably survived to advanced age throughout all epochs of prehistory, the majority of
individuals succumbed early in life. As a historical anecdote, the multicenter, international survey
research protocol, Food Habits in Later Life, called for the enrollment of a cohort of individuals aged
70 years or beyond [4]. When, late in the 1980s, investigators tried to apply it among aboriginal
peoples in the north of Australia, the effort was quickly abandoned, as the researchers found no
potential subject older than 47 years of age. Such a truncated age pyramid was probably the order of
the day among hunter-gather tribes and pastoralist nomadic groups throughout our history. With this
evolutionary context, therefore, we might conclude that nature never intended there to be aging
societies nor large numbers of older persons in the human populations.

The Evolutionary Paradoxes

Human evolution has been considered to be adaptive [5]. Darwinian theory, correctly interpreted,
alludes to “survival of the fittest” in the sense of demographic dominations by the bearers of those
genes that provide reproductive superiority. That is, the bearers have a higher propensity to survival
to adult life, better chances for procreation and greater fecundity. The strength and agility that made
for a better hunter could be generalized over generations, as those men with better skills would both
survive the rigors of the hunt and dominate the procreation within the tribe in polygamous societies.

Because the internal and external challenges to the aging organism occur after the peak repro-
ductive years, anatomic and functional outcomes in human aging do not obey the conventional norms
of natural selection. As a consequence, there is no way for a process of differential fecundity to select
for traits that express themselves or become beneficial only later in life. In fact, in Homo sapiens’
natural selection process, we may have accumulated genetic traits directed toward survival within a
hunter-gather way of life; these traits could actually affect health detrimentally into the middle and
later years of a much longer lifespan.

We also use the word “evolution” in the connotation of cultural adaptation [6]. Besides successful
reproduction, adequate nutrition is the other fundamental pillar for the basic survival of a species.
Until the advent of domestication of animals and the emergence of pastoralist lifestyles some
40,000 years ago [7], tribal hunter-gatherers dominated humanity. Paleonutritionists’ opinions vary
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on the exact composition of “typical” stone-age fare [8–11], but successful hunting societies could
have derived over 50% of their calories from the flesh and visceral organs of the available fauna.
Animal protein, in the form of dairy foods and meat, has been the dietary fare of pastoralists
throughout their history. With respect to aging, one could argue that the cultural (diet and lifestyle)
attributes that made for success as a young and vigorous hunter or herder could sow the seeds of
poorer health and function if one had the fortune to survive beyond the peak reproductive years. This
is explained by the risks associated with such lifestyle, which exposed hunters and herders to arduous
and dangerous practices related to killing aggressive wild animals and to eating poorly conserved
animal foods high in proteins, fats and probably environmental contaminants.

In summary, when the basic issues of survival confront the individuals of a society on a
minute-to-minute and day-to-day basis, genetic biology and cultural adaptation must focus on getting
enough individuals to survive up to the age of reproduction in order to assure the mere maintenance of
the population. Making provision for long-term survival was among the lowest priorities of the
evolutionary imperative for any species in the wild, including for us humans.

The Biology of Aging

When the conditions for surviving early and middle life are assured, as with captive wild animals,
domesticated pets and livestock, and humans, it becomes evident that underlying senescent processes are
operating from conception and throughout life. Since the evolutionary purpose for individuals is repro-
duction for the maintenance of their species, more redundancy of capacity was focused onto procreative
functions; this came about at the expense of capacity for infinite repair of the cells of the host. Molecular
gerontology is currently revealing cellular senescence as the basis of the aging process for the whole
organism. These changes involve altered remodeling of the chromatin in the nuclear apparatus (telomeres)
[12], leakage of free radicals from the energy generation in increasingly porous mitochondria [13], or
mutations in their single-stranded DNA [14] and alteration of apoptosis (programmed cell death) [15].

The late Dr. Nathan Shock, a pioneering gerontological physiologist working in Baltimore,
Maryland, USA, generalized to the aging process the differential—but inevitable—decline in phys-
iological capacity of almost all human organ systems [16]. Shock and his group were working with
white North American men in the mid-twentieth century; the degree to which the genetic constitution
of other ethnic groups across the globe might vary in their projected rates of diminished physiological
function is still a matter for prospective evaluation. Furthermore, with respect to the
low-to-middle-income country perspective and its general social, lifestyle and environmental features,
we must take what is currently known about physiological senescence in two speculative directions.
What would be the theoretical effects of lifestyle and environmental exposures for preservation or
deterioration of organ system functions? What would the projected effect of physiological decline on
day-to-day living demands for older individuals in lower-income societies? The specific physiological
and pathophysiological issues of the alimentary tract, and its relation to diet and nutrition, will be
discussed in a later section of this chapter. For the general biological aging of humans, a brief profile
of physiological senescence of the other systems is illustrative.

Senescence of Tissue and Organ Function with Aging

For the integumentary system (hair, skin, nails), which provides the external protective barrier, greater
sun exposure might accelerate the loss of elasticity and the development of wrinkles. Darker skin
pigmentation in certain African, Pacific Islander and Amerindian populations, however, might
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counteract the aging of skin. To the extent that cuts and bruise injuries might be more common among
elders in low–middle-income countries, delayed wound healing represents a greater risk to cutaneous
infection.

The pulmonary respiratory system function declines due to diaphragmatic weakening and
reduction in the compliance of the chest wall. Obviously, lifelong indoor exposure to open
hearth-cooking fires damages the alveolar soft tissues of the lungs, themselves. To the extent that
relatively strenuous exertion may still be required of older men and women in pre-industrialized
settings, greater limitation on desired activities may be imposed by dwindling lung capacity. A similar
restriction may be the consequence of cardiovascular and circulatory aging [17]. For the latter
systems, however, the fitness conditioning derived from strenuous daily demands may delay various
aspects of physiological decline.

An intact musculoskeletal system to maintain agility of movement and weight-bearing capacity is
as important for rigorous work capacity in later life as are the roles of breathing and circulation. With
respect to joints, bones and muscles, the lifestyle demands of typical manual labor have differential
effects. For cartilaginous tissue (joints), wear and tear of running, climbing and lifting accelerates
their decline. For bones, the opposite effect is true, with weight-bearing serving to strengthen the
vertebral and long bones and retard demineralization [18].

Physiological capacity of the hematological, renal, urogenital and gonadal and reproductive sys-
tems declines with age. These systems are relatively less differentiated in their sensitivity to the
behavioral and environmental features superimposed on basic aging changes. Endocrine responses
dependent upon the pituitary gland (thyroid, adrenal, somatotropic) also decline in capacity with age.
Decreased growth hormone secretion and tissue responsiveness of aging (somatopause) have
implications for body composition and muscle strength [19]. Lower muscle mass affects the gait of
older persons, making them more prone to falls and therefore to bone fractures [20]. In this same
metabolic domain, aging is generally associated with a decline in lean body mass and an increase in
adiposity, even without overall changes in body weight, in a process termed sarcopenia. Sarcopenia is
defined as an age-associated alteration in muscle structure and function with loss of muscle fibers and
tensile strength and infiltration of muscle bundles with fat [21, 22].

The function of the immune system and its adequate regulation has important health implication
for the aging individual. Given its dependency on the continuous turning over of immune cells, diet
and nutrition play a determinant role in immune regulation. Host defenses against microbial patho-
gens may decline, thus exposing the older person to infections. The inflammatory response becomes
dysregulated, and excess production of inflammatory cytokines, such as interleukin-6, advances with
age. Tumor vigilance is an aspect of immune protection that takes on increasing importance with
aging; the variation in its function represents one of the factors of differential risk of cancer among
aging individuals. Autoimmune dysregulation increases with advancing age, increasing an individ-
ual’s risk to diseases of autoimmunity.

The function of the nervous system declines with age in both the sensory and motor domains of
peripheral nerves and at the central level with the special senses and mental cognition. The changes
include altered pain sensation and loss of fine motor functions. The special senses, which include
sight, hearing, taste, smell and touch, all become less acute with age. Studies have shown that older
individuals in all populations around the world suffer a loss of memory and a decline in cognitive
functions.

Function of the Alimentary and Digestive Tract in Aging

Aging affects the structure and function of the digestive system beginning in the oral cavity with
loosening or loss of dentition and decreasing salivary flow and extending to slowing of propulsive
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(peristaltic) motility throughout the entire length of the tract. Fecal evacuations become less frequent
and more difficult (constipation); the more fiber-rich traditional diets of rural cultures in developing
societies, however, would tend to counteract the constipating features of neural and intestinal aging.

The secretory capacity of bile and pancreatic juice in young adulthood is rarely challenged by
aging. However, gastric Helicobacter pylori infection is more common under the poor sanitation
conditions of low-income countries [23]. The parietal cells lining the stomach of older persons,
however, often suffer exhaustion. The nutritional consequences are reduced iron solubility and
insufficient intrinsic factor secretion for vitamin B12 absorption. Assimilation of most other
micronutrients, as well as of the macronutrients, is generally adequate to meet nutritional needs
throughout the lifespan, if food energy intake is maintained at adequate levels. The background
sanitation in low-income countries challenges inhabitants of all ages with the risks of intestinal
helminthic and protozoan infestations and recurrent diarrheal episodes.

Successful Aging, Normative Aging and Frail Aging of Individuals Within
a Population

One of the hallmark characteristics of an older population is the heterogeneity in functional status that
one finds looking across individuals of the same age, that is to say persons of a birth cohort during the
same year 60, 70 or 80 years ago. This “splaying” of variation increases with advancing age [24]. One
way to conceptualize this heterogeneity is as a dissociation within individuals between biological
aging and chronological aging [4, 25]. The same cumulative numbers of years may have elapsed, but
the advance in changes in the anatomic structure, metabolism and physiological function (biological
aging) is very non-uniform across a population, even of persons of the same ethnicity and culture,
living in the same habitat. The interplay of at least three factors contributes to this dissociation:
(1) genetic constitution; (2) environmental exposure; and (3) the burden of disease experience [26, 27].

The eminent gerontologist, Dr. John Rowe [28], advanced the term “successful aging,” to charac-
terize the process of growing older while retaining satisfactory health, function and independence. This
is contrasted to two other conditions: “normative aging” and “frailty.”Normative aging is the experience
that covers most of the advanced years of most older persons in which multiple chronic diseases appear
and function is compromised to some degree. Frailty is at the other end of the spectrum, inwhich persons
have severe decline in cognitive and physical function, losing independence in activities of daily living
[29], often becoming wheelchair bound or bed ridden and requiring assistance and care.

Demography of Aging of Populations in Low- and Middle-Income
Countries

The aging of individuals within a population and the aging of a population are not exactly the same
phenomenon. Both, however, are increasingly relevant to developing societies [30]. An individual’s
growing older is a product of surviving the hazards to health and physical safety in the society and
environment. The aging of a population is seen in the distribution of a society among different age strata.
The typical broad-based pyramidal form of the age pyramid of a young society transforms into a more
columnar shape with extension of longer life and reduced falling birth rates. Today, across the world, the
most prominent feature of human demography is the aging of individuals and the aging of populations.

The fastest growing subpopulation in the world, in terms of rate of increase, are persons surviving
to 100 years of age. A tendency toward longer lives in general, however, can be seen throughout
developing and transitional societies across all of the southern continents. Whereas once children had
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only a slight chance of ever knowing their grandfather in high-income countries, some 50% of those
born currently will come to know their great grandparents [31]. By the year 2020, there will be 7.6
billion inhabitants on earth, with over 1 billion or 13.3% over the age of 60 years; this is up from
8.5% in 1990. Three quarters of these elderly will be living in low- and middle-income countries. By
region, 17% of East Asians, 12% of Latin Americans and 10% of Southeast Asians will be over 60
years. China with 231 million estimated elderly for that year, and India with 145 million will be the
two most populous nations in terms of elderly citizens [30]. Even more, life expectancy still lags in
low-income countries. For the year 2012, the life expectancy at birth in Sierra Leone of only 45 years,
mainly due to high mortality of its under-five population, is about half of that for Japan, the most
long-lived nation with the highest life expectancy of 84 years in the same year (2012), as can be
observed in Fig. 26.1 [32]. Another demographic feature of aging of interest, at least in the USA, is
the maintenance of an equitable sex ratio out to age 70 years, followed by a progressive divergence in
survival, with women out-surviving their male counterparts Fig. 26.2 [32].

Fig. 26.1 Life expectancy at birth of world countries by levels of development. 1960–2010. Data source The World
Bank [32]

Fig. 26.2 Proportion of older adults by sex categories and sex ratio in the worldwide population for 2014. Data source
US Census Bureau [1]
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The Burden of Chronic Diseases in the Aging

It was conventional wisdom and epidemiological experience in low-income societies that acute
infectious diseases, often life threatening, were common, but chronic, degenerative diseases
were rare. The aforementioned extension of longevity in developing countries has been termed the
“demographic transition” [33], which leads in turn to a change in disease patterns, the so-called
“epidemiological transition” [34].

Non-transmissible Disease Epidemiology in Low-Income
Country Populations

The epidemiology of non-communicable diseases (NCD) is not well documented in low-income
countries, although it is accepted that this situation derives in part from the emergence of the so-called
“double burden” of diseases [35–37]. The classical diseases of poverty, related to infections and
nutritional deficiency, have not gone away—but they have been joined by a growing incidence of
degenerative illness. Even more complicated, currently, close to 80% of NCD deaths occur in low-
and middle-income countries, with about one-fourth of NCD-related deaths occurring before the age
of 60 [38]. Undernutrition early in life, unhealthy diets, insufficient physical activity, tobacco use and
alcohol use are five of the main risk factors for NCDs. And those factors are associated with the
economic transition, rapid urbanization and changes in lifestyles that occurring at very fast rates in
those low- and middle-income countries [38].

Relationship of Chronic Disease to Diet and Nutrition
in Low- and Middle-Income Countries

The last three decades have seen the emergence of interest in the nutritional science community with
the relationships of diet and nutrition to the risk of chronic diseases [39, 40]. And the international
community initiated and mobilized expertise and resources to address the causes, social–economic
determinants and the need for the development of policies and regulations needed to address the
global burden of NCDs, including obesity and type 2 diabetes [35]. However, those efforts are still
insufficient. To date, most nutritional epidemiology inquiry has been focused on dietary patterns in
relation to the incidence of overweight and obesity, metabolic syndrome, cardiovascular disease and
neoplasms in affluent populations of high-income, industrialized nations.

The question of policy and program relevance for low-income countries of accumulated nutritional
epidemiological understanding is important to older persons in all low-income societies. Until
recently, for instance, the patterns of cancers were sharply distinct between low-income countries in
the tropics and high-income countries in temperate zones. Whereas sites in lung and large bowel and
the family of hormonal cancers (breast, ovarian, prostatic) were predominant in industrialized pop-
ulation, the uterine cervix, oropharyngeal area, the upper digestive tract and the liver were the most
common sites across the developing world. Dietary factors, including nutrient deficiencies, food and
beverage constituents, and temperature and charring of foods are clearly implicated in esophageal and
gastric malignancy [41]. Overgrowth of staple grains and ground nuts with mycotoxins (e.g.,
aflatoxins and fumonisins) is a dietary risk factor for liver cancer [42]. By contrast, daily consumption
of coffee, more widespread in high-income countries, has been identified as a protective dietary factor
against hepatic carcinoma [43]. Many of the putative risk factors for cardiac and circulatory diseases
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relate to dietary practices including high sodium, high calcium with low vitamin D intakes, hyper-
triglyceridemia, hypercholesterolemia, elevated homocysteinemia, systemic inflammation and gly-
cemic load [35]. By contrast, specific diets can provide certain putative protective factors for these
diseases such as diets including fruit and vegetables, cocoa, red wine, fish rich in omega-3 fatty acids
and calcium-rich sources [44–47]. Within the basic generalization of a traditional diet of low-income
populations based on a major grain or tuber and low amounts of animal protein, few of the afore-
mentioned or protective dietary components would be expected to be consumed widely. Protection,
however, could come from the fiber and phytochemicals in these largely vegetarian fares, plus the
absence of the noxious components (e.g., trans and saturated fatty acids) in animal sources.

The projection of epidemiological transition reviewed in the previous section portends a rising
incidence of chronic diseases across the low- and middle-income countries. To the degree that
endemic chronic illness can be prevented, it will improve quality of life of the populace and the
budget perspectives of national health authorities. It is important to determine whether the same
principles of protective diets and lifestyle are operative in populations experiencing economic
development as have been shown in societies of established affluence.

Nutritional Requirements, Nutrient Intake Recommendations
and Guidelines for Healthful Eating for the Elderly

Since survival into later life has been infrequent until recent decades, there is also a paucity of
information on nutritional requirements of the elderly. Until the mid-1990s, there was insufficiently
detailed scientific evidence to differentiate nutrient recommendations for adults over 50 years into any
more refined age groupings based on advancing age. This was true for both the US Recommended
Dietary Allowances (RDA) and the Recommended Nutrient Intakes (RNI) of the UN System. Until
1997, a uniform requirement level was assigned for everyone over 51 years of age. It has only been
recently that official bodies have ventured to specify age-specific recommendations for the oldest
segments of populations, based on accumulation of new, age-specific experimental data. For the
Dietary Reference Intakes (DRI) for the USA and Canada [48–55] and for the Recommended Nutrient
Intakes (RNI) of 2004, which come from the UN System [56], and apply across the developing world,
new specificity is given to the elderly. The UN System defines 65 year as older, whereas USA–Canada
uses two categories for older adults: 51–70 years and above 70 year of age. A series of conceptual
definitions govern the expression for normative intakes of macro- and micronutrients.

Definitions Related To Nutrient Intake Recommendations

For the UN System (FAO/WHO/IAEA/UNU):
Recommended Nutrient Intake (RNI): The daily intake, set at the EAR plus 2 standard
deviations (SD), which meets the nutrient requirements of almost all apparently healthy indi-
viduals in an age- and sex-specific population group.
For the Dietary Reference Intakes (referent to the USA and Canada):
Estimated Average Requirement (EAR): The average daily nutrient intake level estimated to
meet the requirement of half the healthy individuals in a particular life stage and gender group.

Recommended Dietary Allowance (RDA): The average daily nutrient intake level suffi-
cient to meet the nutrient requirement of nearly all (97–98%) healthy individuals in a particular
life stage and gender group.
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Adequate Intake (AI): A recommended average daily nutrient intake level based on
observed or experimentally determined approximation or estimates of nutrient intake by a group
(or groups) of apparently healthy people that are assumed to be adequate—used when an RDA
cannot be determined.

Tolerable Upper Intake Level: The highest average daily nutrient intake level likely to
pose no risk of adverse health effects to almost all individuals in the general population. As
intake increases above the UL, the potential risk of adverse effects increases.

Acceptable Range of Macronutrient Distribution (ARMD): A range of intakes for a
particular energy source that is associated with a reduced risk of chronic disease while pro-
viding Adequate Intakes of essential nutrients.

Estimated Energy Requirement (EER): The average dietary energy intake that is predicted
to maintain energy balance in a healthy adult of a defined age, gender, weight, height and level
of physical activity consistent with good health.

The intake recommendations related to specific categories of risk for low or excessive intakes are
provided in Tables 26.1 and 26.2 for older men and women, respectively. With respect to nutrient
recommendations for older persons, they remain unchanged from the levels recommended from age 19
onward, without any modifications for age. This is true for protein and water requirements. Iron
requirement has a unique pattern, as the recommendations decline in the latter stages of the lifespan.
Based on the 2011 revisions of the DRIs for calcium and vitamin D, both were increased for the older
group (70+ years). The upper tolerable level for phosphorus ismodified by age. The energy requirement,
calculated as the Estimated Energy Requirement (EER), is adjusted by age. There is no Recommended
Dietary Allowance (RDA) for energy to prevent the expected weight gain that might occur with energy
intakes above the EER [53]. The Adequate Intake (AI) for fiber is also adjusted for age.

The expressions in Tables 26.1 and 26.2 should only be considered first approximations for the
purposes of setting them for the elderly in developing countries. To advance to greater certainty and
applicability, continuing research efforts are needed, however. With the exception of few nutrients,
notably riboflavin [57], the studies on requirements were conducted in subjects living in industrialized
country settings. Moreover, the disclaimer in all systems of nutrient recommendations states that they
apply only to healthy individuals. One can reasonably argue that a diminishingly small number of
individuals fit the descriptive term of “healthy” with increasing age. Thus, the recommendations in
the tables would strictly speaking apply to only a minority of elderly persons in any population.

Aside from the aging aspect, there is a dimension of the environmental features within human
habitats of low-income, tropical—often rural—societies. It has been argued that issues from humidity
and high ambient temperatures to the intense concentrations of ecto- and endoparasites and microbes
in the environment produce stress [58]. Nutrient requirements may not be a simple linear function of
body mass, but rather may have a relation with the underlying composition of tissues. Individuals
with short stature, due to early chronic undernutrition, may present this type of metabolic variance.
Similarly, the intensive daily physical efforts demanded by non-mechanized agriculture may provoke
increased requirements for certain nutrients.

The newer concepts embodied in the DRI include a provision for setting a recommendation
considering “health benefits” of a nutrient, above and beyond the basic needs for the nutrients. The
recent doubling of folic acid recommendations was motivated by the protective function this can have
against neural tube defects in preconceptional women [50, 56]. An additional favorable effect on
cardiovascular disease due to suppression of homocysteine levels provided additional support to this
public health measure [59]. Generally, however, recommendation panels have been timid in invoking
the health benefits criterion, citing the paucity of generalizable evidence and widespread confirmation
for findings demonstrating health benefits from supra-requirement intakes of nutrients.
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Table 26.1 Nutrient intake recommendations for older men

WHO/FAO/IAEA IoM for USA/Canada

65+ years 51–70 years >70 years

RNIa RDA/AI/AMDRb ULb RDA/AI/AMDRb ULb

Vitamins

Vitamin A, lg RAE 600 (lg RE) 900 3000 900 3000

Vitamin D, mg 15 15 100 20 100

Vitamin E, mg a-toc 10 (mg a-TE) 15 1000 15 1000

Vitamin K, lg 65 120c ND 120c ND

Vitamin C, mg 45 90 2000 90 2000

Thiamin, mg 1.2 1.2 ND 1.2 ND

Riboflavin, mg 1.3 1.3 ND 1.3 ND

Niacin, mg 16 16 35 16 35

Vitamin B6, mg 1.7 1.7 100 1.7 100

Biotin, mg – 30c ND 30c ND

Pantothenic acid, mg 5 5c ND 5c ND

Folate, lg 400 400 1000 400 1000

Vitamin B12, lg 2.4 2.4 ND 2.4 ND

Choline, mg – 550c 3500 550c 3500

Boron, mg – ND 20 ND 20

Elements

Sodium, mg – 1.3c 2.3 1.2c 2.3

Potassium, mg – 4.7c – 4.7c –

Chloride, mg – 2.0c 3.6 1.8c 3.6

Calcium, mg 1300 1000 2000 1200 2000

Phosphorus, mg – 700 4000 700 3000

Magnesium, mg 230 420 (350)f 420 (350)f

Iron, mg 14d 8 45 8 45

Zinc, mg 7.0e 11 40 11 40

Iodine, lg 130 150 1100 150 1100

Copper, lg – 900 10,000 900 10,000

Fluoride, mg – 4c 10 4c 10

Manganese, mg – 2.3c 11 2.3c 11

Chromium, lg – 30c – 30c –

Selenium, lg 34 55 400 55 400

Molybdenum, lg – 45 2000 45 2000

Macronutrients

Energy, EERb kcal – 2204 – 2054 –

Water, L – 3.7c – 2.1c –

Carbohydrate, AMDR – 45–65% – 45–65% –

Protein, AMDR – 10–35% – 10–35% –

Total fat, AMDR – 20–35% – 20–35% –

n-6 PUFA, AMDR – 5–10% – 5–10% –

n-3 PUFA, AMDR – 0.6–1.2% – 0.6–1.2% –

Dietary fiber, g – 30c – 30c –

The figures in bold denote recommendations specifically modified for aging
ND Values not determined
aRecommended Nutrient Intakes from the UN System (WHO/FAO/IAEA). Older adults: >65 years
bDietary Reference Intakes from USA/Canada System. RDA Recommended Dietary Allowances; AI Adequate Intakes; AMDR adequate
macronutrient distribution range; EER Estimated Energy Requirements; UL Tolerable Upper Intake Levels
cRecommendation in the form of AIs
dBased on a 10% bioavailability of iron from the diet
eBased on the assumption of a moderate bioavailability of zinc
fBased on supplemental intake only
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Table 26.2 Nutrient intake recommendations for older women

WHO/FAO/IAEA IoM for USA/Canada

65+ years 51−70 years >70 years

RNIa RDA/AI/AMDRb ULb RDA/AI/AMDRb ULb

Vitamins

Vitamin A, lg RAE 600 (lg RE) 700 3000 700 3000

Vitamin D, mg 15 15 100 20 100

Vitamin E, mg a-toc 7.5 (mg a-TE) 15 1000 15 1000

Vitamin K, lg 55 90c ND 90c ND

Vitamin C, mg 45 75 2000 75 2000

Thiamin, mg 1.1 1.1 ND 1.1 ND

Riboflavin, mg 1.1 1.1 ND 1.1 ND

Niacin, mg 14 14 35 14 35

Vitamin B6, mg 1.5 1.5 100 1.5 100

Biotin, mg – 30c ND 30c ND

Pantothenic acid, mg 5 5c ND 5c ND

Folate, lg 400 400 1000 400 1000

Vitamin B12, lg 2.4 2.4 ND 2.4 ND

Choline, mg – 425c 3500 425c 3500

Boron, mg – ND 20 ND 20

Elements

Sodium, mg – 1.3c 2.3 1.2c 2.3

Potassium, mg – 4.7c – 4.7c –

Chloride, mg – 2.0c 3.6 1.8c 3.6

Calcium, mg 1300 1200 2000 1200 2000

Phosphorus, mg – 700 4000 700 3000

Magnesium, mg 190 320 (350)f 320 (350)f

Iron, mg 11d 8 45 8 45

Zinc, mg 4.9e 8 40 8 40

Iodine, lg 110 150 1100 150 1100

Copper, lg – 900 10,000 900 10,000

Fluoride, mg – 3c 10 3c 10

Manganese, mg – 1.8c 11 1.8c 11

Chromium, lg – 20c – 20c –

Selenium, lg 26 55 400 55 400

Molybdenum, lg – 45 2000 45 2000

Macronutrients

Energy, EERb kcal – 1978 – 1873 –

Water, L – 2.7c – 2.1c –

Carbohydrate, AMDR – 45–65% – 45–65% –

Protein, AMDR – 10–35% – 10–35% –

Total fat, AMDR – 20–35% – 20–35% –

n-6 PUFA, AMDR – 5–10% – 5–10% –

n-3 PUFA, AMDR – 0.6–1.2% – 0.6–1.2% –

Dietary fiber, g – 21c – 21c –

The figures in bold denote recommendations specifically modified for aging
ND Values not determined
aRecommended Nutrient Intakes from the UN System (WHO/FAO/IAEA). Older adults: >65 years
bDietary Reference Intakes from USA/Canada System. RDA Recommended Dietary Allowances; AI Adequate Intakes; AMDR adequate
macronutrient distribution range; EER Estimated Energy Requirements; UL Tolerable Upper Intake Levels
cRecommendation in the form of AIs
dBased on a 10% bioavailability of iron from the diet
eBased on the assumption of a moderate bioavailability of zinc
fBased on supplemental intake only
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Supplementation with amounts of nutrients not easily obtained with foods has demonstrated
biological effects in humans, including older subjects. Doses of vitamin E in the range of 200–800 mg
enhance in vitro indicators of immune function [60]. Daily zinc supplements of 100 mg daily for a
month enhanced in vitro lymphocyte responses [61], but such levels are impractical over the long
term. The oxo-carotenes, zeaxanthin and lutein, found in certain corn, and certain dark-green leafy
vegetables seem to play a protective role in the fovea of the ocular retina, and enhanced intakes are
suggested to be preventive against macular degeneration associated with age [62].

Dietary Intake and Eating Behavior by Elderly in Low-Income Countries

Assessing Dietary Intakes in Older Subjects: Caveats for Low-Income
Countries

Among the consequences of the global demographic and epidemiological transitions, one could
include the increasing numbers of older adults that require nutritional services adequate to their
emotional, cultural, social and economic status and health needs; hence, appropriate contextual
assessment of their dietary intakes is needed. Dietary data, interpreted in the context of these various
needs, would help to identify those dietary factors associated with declining health and the devel-
opment of chronic conditions. Those linkages between diet and health or diet and disease are only
perceived in events followed during periods of time, as the effects of specific dietary practice might
take months or even years to influence health.

Several methodologies are regularly applied for the assessment of dietary intakes and food patterns
of older adults in high-income countries, with the addition of sophisticated memory enhancing tools
that improve situations of short-term memory among elders with compromised cognitive function or
with declining physical health. Two of the most commonly used methodologies for dietary assess-
ment are: (1) the 24-h recall and (2) food intake history collected with food frequency questionnaires.
Diet history collected in food records (or food diaries) is another methodology used with older adults
in high-income countries. However, this methodology requires literate and highly motivated subjects,
which could limit its application in some elderly groups. The basic premise when using the 24-h recall
is the accurate recalling one could get as it only requests information from the previous 24 h before
the information is collected. In addition, the systematization of the 5-step technique developed by the
USDA expert group [63] has also improved greatly the application of this technique, particularly in
the elderly.

However, there is a shortage of information about which dietary assessment instruments are
practical and reliable for extracting the information in older adults from low-income countries. In
addition, prior to the adoption of instruments developed in other latitudes, food lists (for food
frequency questionnaires) and probing prompts (24-h recalls) need to be developed, as type of foods
and eating patterns differ from country to country.

On the one hand, among the elderly in low-income countries, it is presumed that their ability
for recalling food consumption and other related dietary facts could be modified not only by their
cognitive status and declining health, but also by their level of schooling and their lack of experience
as informants. On the other hand, obtaining dietary information from older adults in low-income
countries could be facilitated by the monotonous diets that are traditionally associated with these
population groups. Moreover, among those groups, there are usually a limited number of staple foods
that are consumed frequently and with small variations in portion sizes. It has been observed that in
countries like Guatemala, families are very consistent in the dimensions of their homemade tortillas
and different members usually consume the same amount of them, making it relatively easy to collect
information about amounts and frequencies of use of this food product. Another example pertains to
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rice, which is the main staple food for older Puerto Ricans living in the US mainland, independent of
their length of residency [64], and it is also the main component in diets of older Panamanians [65].

To estimate nutrient and energy composition of foods consumed by older adults, reliable and
accurate nutrient databases or food composition tables are needed. However, these reference
instruments are scarce in low-income countries, and in many cases, those that are available are
outdated and limited in the number of nutrients for analysis and exploring correlations with health
outcomes. To correct for these limitations, the International Network of Food Data Systems
(INFOODS) has renewed efforts worldwide to collect, systematize and enhance international col-
laborations around food and nutrient databases [66].

Standards and reference patterns such as nutrient recommendations (discussed in the previous
section) as well as dietary guidelines and graphic representations of food groups are used in the
interpretation and application of dietary data. After the promulgation of the WHO/FAO guidelines for
the development of food-based dietary guidelines [67], countries around the world have produced
their own guidelines and used them to guide their efforts in policy making, program planning and
evaluation. FAO, through its Nutrition Information, Communication and Education Department,
makes efforts to divulgate those dietary guidelines from its online site [66]. Despite all the efforts in
improving tools for dietary assessment, few of them have been designed specifically for the elderly,
particularly those in low-income countries.

Patterns of Dietary Consumption in Later Life

Traditionally, elderly people had developed lifelong eating patterns partly modulated by sociode-
mographic and psychosocial determinants of their food-related behaviors, as well as by the envi-
ronmental circumstances associated with access and availability of their food supply [68]. The
attachment of the elderly to their traditional eating practices represents a challenge for interventions to
modify intake for the correction of nutritional imbalances, poor health and disease prevention. One
could think that food intake of elders from low-income countries, especially those residing in eco-
nomically deprived areas, could be less than optimal because of food availability issues. All this is in
addition to the increased requirements for several nutrients due to physiological changes associated
with aging and to pathological effects of some chronic conditions, at the same time that energy intakes
are decreasing. However, there is evidence that, whereas for some elder groups, their traditional diets
are more health protective than more “modern” ones, for other groups their diets improve with the
incorporation of new foods. Earlier studies among Greek elderly in Greece and in Australia revealed
that those with traditional eating patterns had lower overall mortality and longer survival [69–71]; that
those patterns may be protective for obesity [72]. Among Mexican women in the USA, those of more
recent arrival had higher protein, calcium, vitamins A, C and folate intakes and greater overall mean
adequacy ratios (constructed with 8 nutrients) than their counterparts that had been in the country for
more than a generation [73]. By contrast, older Puerto Ricans in the USA attached to their traditional
food patterns with rice as their main source of energy had a higher risk of obesity than those that had
incorporated more variety into their eating patterns [74].

The evidence about changes in food accessibility and intake in several countries around the globe,
is suggestive of the risk of obesity and the malnutrition-related non-communicable diseases. In Latin
America, for example, it was observed that although nutrient availability differs in magnitude across
countries, the overall patterns were remarkably consistent. Availability of total fat, animal products
and sugars was all increasing, at the same time that rapid declines in the availability of cereals, fruit
and vegetables were occurring [75], most likely as responses to consumer and economic changes
motivated by increasing purchasing power, urbanization and new dietary profiles.
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Although worldwide corrections of poor dietary habits and inadequate food intakes in the elderly
are a challenge and could overwhelm governments, societies, households and individuals of low–
middle-income countries, the acceleration and magnitude of the changes already occurring in most of
those countries are giving little option, but to confront and look for viable solutions for the potential
risks of having their elderly populations with the triple burden of being old, poor and malnourished.

Nutritional Deficiency and Excess and Its Assessment in the Elderly
of Developing Countries

The elderly of developing countries are most likely to suffer in their care and assessment by confusion
of the blanket application of the norms and standards of the population at large to this more unique
and heterogeneous population in later life. Nutritional status has three domains: The first is global,
constitutional nutrition (formerly discussed in terms of “protein-energy” status), related to body
composition; the second is status with respect to the body’s reserves or availability of micronutrients
(vitamins, minerals); and the third relates to hydration and fluid and electrolyte balance. Finally, for
evaluating these tiers of status, the aging process, itself, conditions changes that make nutritional
assessment more difficult.

Deficiency and Undernutrition States in Low-Income Country Elderly

The most commonly considered imbalance in nutritional status is undernutrition. Chronic energy
deficiency is a concern in older persons in all societies. In high-income countries, however, recent
weight loss is often secondary, a consequence of a chronic degenerative disease. Although poverty
creates the risk of primary dietary deficiencies, a differential diagnosis for underweight representing a
secondary consequence of occult illness should be maintained in the elderly of low-income societies
as well.

Across all age groups, including the elderly segments, primary vitamin and mineral deficiencies,
can arise from consuming diets with low micronutrient density, with nutrients of poor bioavailability
or both. The primarily plant-based fare of traditional agrarian societies, combined with environmental
stress including parasitosis and recurrent infections, is an established conditioning scenario for
undernutrition with respect to a subset of vitamins and minerals. Among the vitamin deficiencies
recorded as commonly endemic in low-income settings are vitamin A, riboflavin and vitamin B12.
Folate deficiency occurs in certain populations largely dependent on boiled maize. Iodine deficiency
is widespread across the globe due to environmental depletion and very low bioavailability of this
element from a plant source-based diet. Iron deficiency, and its associated iron deficiency anemia, is
reputed to be the most widespread deficiency disorder of humankind. A widespread vulnerability to
subadequate zinc deficiency has recently been appreciated [76]. Selenium deficiency occurs when
soils are particularly depleted of this mineral.

Specific micronutrient surveys focusing on elderly subpopulations in low-income countries are
scarce. Early in the 1990s, in Guatemala, Boisvert et al. [57] found a majority of older persons
screened had inadequate riboflavin status. It is widely regarded that gastric hyposecretion adversely
influences vitamin B12 status with increasing age. Vitamin D deficiency was previously considered to
be of a lesser concern in tropical countries, which experience year-round direct penetration of the UV
spectrum of sunlight. In fact, little survey experience on vitamin D status in low-income country
elderly is available. However, in the absence of general consumption of dairy items or marine fish,
tropical populations are virtually totally dependent on solar-dependent vitamin D production. The
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dermal capacity decreases with aging, and outdoor activities may be curtailed with advancing age. In
the context of degenerative diseases, greater amounts of vitamin D than have been considered
normative may be protective [77]. Better across the board vitamin D nutriture may emerge as a public
health necessity among elderly in the north and south, as epidemiological and intervention trial data
continue to emerge, including some evidence from Mayan older adults from Guatemala [78].

Since iron is of slow turnover, reserves of this element actual tend to build with the passage of
time. With menopause, the monthly menstrual blood losses cease. For these reasons, the elderly
should be considered the most resistant to iron deficiency anemia in any society, and its occurrence
raises the specter of some abnormal blood loss conditions. Where hookworm or schistosomiasis is
common, bleeding from parasitic lesions may produce anemia in any age group, including adult men
and the elderly [77]. Gastric atrophy interferes with the solubility for its intestinal absorption.
However, iron deficiency or anemia in an older individual in a tropical country can have the same
ominous clinical significance that it has in a developed country setting, i.e., signifying a malignancy
at some level of the gastrointestinal tract.

As individuals age several processes occur that make issues of hydration and water and electrolyte
balance more precarious. With aging, there is a blunting in thirst sensation, renal function declines
and the vascular response to altered blood volume diminishes. In particular, in hot humid climates,
this would increase the susceptibility to hypovolemia and dehydration.

Diagnosing Undernutrition

The principles of any diagnosis are: (1) clinical history; (2) physical examination; and (3) laboratory
testing. The human aging process itself confounds the assessment of nutritional status both of the
older individual in the clinical setting and at the population level in epidemiological screening.
Nutritional assessment as applied to the elderly must take into consideration physiological and social
changes that occur with advancing age. Cognitive decline distorts the accuracy of answers to clinical
history questions, and low levels of schooling and linguistic issues complicate the interview in
developing societies. Keys to successful and reliable diagnostic evaluation for undernutrition of the
elderly in general—and developing country elders, in particular—are: (1) knowledge of the most
common deficiency states, as discussed above, and (2) understanding of the nuances, caveats and
pitfalls of assessment techniques with advancing age.

Reflection of undernutrition (underweight) by anthropometric measurements, specifically the body
mass index (kg/m2), is confounded by short stature. The international standards define a
BMI <18.5 kg/m2 as chronic energy deficiency, but up to 40% of free-living elderly in South Asia
can have values in that range. Adults lose stature due to settling and curvature of the spine with aging,
and arm-span [79] and knee-heel height [79] have been proposed as surrogate measures. Short stature,
however, is not an index of ongoing undernutrition in individuals beyond adolescence, such that
“stunting” is not applicable in older adults. The laxness of the skin and redistribution of body fat
confound the use of skinfolds thickness for representative measurement of subcutaneous fat.
Similarly, to the extent that skin turgor is to be used clinically to assess the hydration state, dermal
changes with aging can confound assessment. Moisture of mucosal surfaces is a more reliable
indicator of hydration of the elderly [79].

Aging has minimal effects on hematological parameters, such that universal standards for
hemoglobin, hematocrit and blood cell indices and counts are also applicable in later life. Aging, per
se, is associated with elevation of the binding protein of copper (ceruloplasmin) and a slight reduction
in albumin concentration [18]. When urinary excretion of nutrient metabolites is employed in
nutritional assessment, especially as ambient concentrations or timed excretion, the age-related
changes in renal physiology must be considered to avoid diagnostic errors.
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Some biochemical and laboratory measures of nutritional status are distorted by some fundamental
conditions prevailing in low-income countries, such as inflammatory stimulation by microbes and
parasites. This produces redistribution of circulating nutrients (e.g., iron, zinc, vitamin A and copper)
and distortion of nutrient indicators (e.g., plasma ferritin). Dehydration in hot climates would tend to
produce hemoconcentration, decreasing the acuity of circulating biomarkers to detect deficiency
states.

Excess and Overnutrition States in Low- and Middle-Income
Country Elderly

The popular image of low-income countries is of populations living in rural poverty. It was also
widely regarded that poverty was a restraint on obesity. Contemporary realities debunk both of these
generalizations to the status of obsolete myths [80], showing that a lack of social power, choice and a
safe environment are more likely to produce weight excess, especially among poor elderly in urban
settings.

In real-world experience, the micronutrients most likely to produce adverse effects for older
individuals when intake is on the high side of exposure are vitamin A, folate, iron, calcium, phos-
phorus and sodium. Preformed vitamin A has interesting implications in later life, as a postprandial
load is cleared more slowly with advancing age [81], and bone demineralization has been related to
vitamin A from animal sources [82]. As discussed above, however, culinary customs and economic
constraints generally act to produce lower intakes of this form of vitamin A, as well as that of the
other aforementioned nutrients, in diets of low-income societies.

The interaction of folate and vitamin B12 has long been topical for the nutritional health of the
elderly. In some developed countries, general folic acid fortification has raised some concerns about
negative consequences in the face of vitamin B12 scarcity [83]. Folic acid fortification lags behind in
most developing countries, but when Chile instituted its national program, fortification levels doubled
those in most nations [84], with potential deleterious consequences for vitamin B12 status.
Hemochromatosis is rare among the ethnic groups native to low-income countries; a poorly under-
stood syndrome of iron accumulation found in Southern Africa (Bantu siderosis) produces damaging
iron overload when soluble forms of iron are available in the diet [85].

Diagnosing Overnutrition

Aging and living in low–middle-income countries impose certain recognized challenges to diagnostic
assessment of overnutrition. The BMI increases through the sixth decade and then decreases in the
survivors beyond this age. The value of the BMI for any given body weight is influenced by short
stature, decreasing the value of the denominator term. Moreover, age-related height loss distorts the
accurate assessment of an appropriate stature value for an older individual [79]. Beyond mere body
weight are changing proportions of lean and fat mass, with increased visceral deposition of lipids and
fatty infiltration of skeletal muscles [20]. All of these aging features are reflected on the widely
documented observation that individuals with identical BMIs can have vastly different percentage of
body weights as fat or lean mass across ethnic groups [86, 87]. The “Indian paradox” derives from the
development of cardiovascular and metabolic risk in South Asians at much lower BMIs [88, 89],
leading to a suggested adjustment for a lower cutoff for “overweight” for the populations of Southern
and Southeastern Asia of 23 instead of 25 [35]. Finally, the health consequences of a given excessive
body mass differ markedly across races [90].
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Diagnosis of overload and toxicity states for micronutrients is difficult under any circumstances
and in all age groups, requiring interpretive assessment of blood levels of nutrients and metabolites or
tissue biopsy findings. No systematic understanding of how aging distorts these challenging diag-
noses of vitamin and mineral excess has yet been developed.

Addressing Good Nutritional Status of the Elderly
from Low- and Middle-Income Countries

Older adults from low- and middle-income countries are living longer. Therefore, addressing
non-communicable diseases, including type 2 diabetes, hypertension, CVD, obesity and other
prevalent health conditions, has become an urgent action, particularly in low–middle-income coun-
tries. The expectations are that aging groups from those countries do so in good health and as capable
of practicing healthy lifestyles, including acceptable dietary cardioprotective behaviors.

In order to maximize country investments in addressing nutritional status of the aging population,
it is prudent to investigate and document the mechanisms and potential solutions for those problems
that already have proven effectiveness and that offers high potential for translating them to different
geographical areas and cultures. It is also important to keep in mind that many of the interventions
designed to improve nutritional status of the elderly must be initiated at early ages. For example,
working with the under-five population (e.g., to guaranty adequate growth and development) and with
adolescents to guaranty acceptable bone health will extend the benefits to the aged. Therefore,
addressing nutritional problems of the elderly does not compete with already established proven
interventions to improve nutritional status of children. What is expected is that complementary
nutrition strategies for the elderly are designed and implemented in order to guaranty good health and
nutritional status across the lifespan.

Conclusions

The fact that the populations of low- and middle-income countries are aging and more older persons
are surviving is a virtual Brave New World for public health for low-income societies. The conse-
quences for diet and nutrition of the older members of all societies have been little explored and are
poorly understood. The nutrition transition is bringing forth a dual burden of malnutrition, with
problems of under- and overweight. Epidemiological transition is emerging for the populations of
low- and middle-income countries with increasing prevalence of the components of the metabolic
syndrome and malignant disease.

In the absence of a strong and prolific tradition of “tropical gerontology,” the prudent course is to
synthesize the substantial knowledge about the unique conditions and challenges in low-income
societies and the accumulated understanding of aging biology and senescent changes from affluent
societies and prepare an active agenda for inquiry. One would expect a series of interactions between
the two domains in which the prevailing conditions of life in low–middle-income nations exacerbate
processes of structural and functional senescence as well as those in which the traditional diet and
rigorous physical activity will prove protective. This chapter bears testimony to the demographic
transition and the prudence of recognizing and acting upon the realities that old age and chronic
diseases are important current elements across the panorama of low–middle-income country health
and nutrition.
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Discussion Points

• How does survival relate to diet along the lifespan and eventually affect the elderly?
• What factors need to be considered when evaluating a nutrition intervention for elderly?
• How do the differing socioeconomic and environmental factors in low- and high-income countries

affect the nutritional status of elderly differently?
• What biological and behavioral attributes of elderly contribute to preserving or deteriorating

nutritional status?
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Chapter 27
Evaluation of Nutrition-sensitive Programs

Deanna K. Olney, Jef L. Leroy and Marie T. Ruel

Keywords Nutrition sensitive � Evidence of impact � Program evaluation � Plausibility � Probability
Learning Objectives

• Explain the key challenges in evaluating nutrition-sensitive programs and ways to address them.
• Identify three components of a comprehensive evaluation (impact, process, and cost), describe the

primary uses of each of these components, and explain how to design these three components to
evaluate a nutrition-sensitive program.

• Illustrate how to use a program theory framework and associated program impact pathways in the
design and evaluation of nutrition-sensitive programs.

• Analyze the types of challenges that program evaluators and implementers face when working
together and explain how to address them in designing and carrying out the evaluation of complex
nutrition-sensitive programs.

Introduction

The Lancet Series on Maternal and Child Nutrition called for greater investments in large-scale
nutrition-sensitive programs to accelerate progress in improving the nutrition of vulnerable mothers
and young children during the first 1000 days (conception to the child’s 2nd birthday) [1].
Nutrition-sensitive programs are defined as development programs that address the underlying causes
of undernutrition—including poverty, food insecurity, poor maternal health, education, social status
and/or empowerment, and limited access to water, sanitation, hygiene, and health services—and also
incorporate specific nutrition goals and actions. Nutrition-specific interventions and programs, on the
other hand, are those that address the immediate determinants of undernutrition such as inadequate
food and nutrient intake, sub-optimal care and feeding practices, and poor health [1]. One of the key
recommendations from the 2013 Lancet Series was to use nutrition-sensitive programs from sectors

D.K. Olney (&) � J.L. Leroy � M.T. Ruel
Poverty, Health and Nutrition Division, International Food Policy Research Institute (IFPRI),
2033 K Street, NW, Washington, DC 20006, USA
e-mail: d.olney@cgiar.org

J.L. Leroy
e-mail: j.leroy@cgiar.org

M.T. Ruel
e-mail: m.ruel@cgiar.org

© Springer Science+Business Media New York 2017
S. de Pee et al. (eds.), Nutrition and Health in a Developing World,
Nutrition and Health, DOI 10.1007/978-3-319-43739-2_27

603



such as agriculture, social protection, education, and early child development as platforms to improve
the delivery, coverage, and scale of nutrition-specific interventions. For example, agriculture devel-
opment programs, which target women and promote the production and consumption of nutrient-rich
foods, could also be used to deliver specially formulated micronutrient supplements for
pregnant/lactating women or young children who have requirements that are difficult to meet with
diet alone due to rapid growth and development. These types of integrated agriculture and nutrition
programs have been shown to improve the diets of household members, mothers, and children, and
using them as delivery platforms for additional nutrition-specific interventions may amplify these
positive effects and result in positive changes in the nutritional status of women and children, which
to date have been limited [1, 2].

In addition to the recognized importance of nutrition-sensitive programs to improve the nutritional
status of at-risk populations, the demand for evidence-based programming has increased in recent
years. Recent reviews of the effectiveness of development programs focused on agriculture or social
protection highlight the dearth of rigorous evidence of the impact of these programs on nutrition
measures, and attribute this lack of evidence to weaknesses in program design and implementation,
but even more importantly to poor evaluation designs and methods [3, 4]. A consistent and strong
recommendation provided in these reviews is the need for rigorous, theory-based impact evaluations
that will generate credible evidence on what works and what does not work to improve nutrition; what
are the pathways of impact; what other development measures are improved with different
nutrition-sensitive program models; and what is the cost and cost-effectiveness of achieving these
improvements.

Key Challenges in Evaluating Nutrition-Sensitive Programs

While the need for rigorous, comprehensive program evaluations is recognized, carrying out such
evaluations of complex nutrition-sensitive programs with multiple inputs, goals, pathways of impacts,
outcomes, and impacts is challenging. These challenges revolve around five factors. First,
nutrition-sensitive programs are, by definition, generally complex in design and implementation
because they aim to address both underlying causes of undernutrition (often several of them, such as
poverty, food insecurity, and low women’s status to name a few) and to incorporate nutrition-specific
interventions; second, they require a longer time frame than simpler, more narrowly focused pro-
grams, because the pathways of impact are long and often complex (e.g., it takes some time for
reductions in poverty and food insecurity to translate into better food and nutrient intake for young
children, and for these changes, in turn, to improve their nutritional status); third, programmatic,
logistical, or political issues can make the use of randomization and the inclusion of an adequate
control group to whom program inputs are withheld unacceptable, thereby possibly reducing the
evaluation’s rigor; fourth, evaluation of complex nutrition-sensitive programs requires close collab-
oration between program implementers and evaluators and often requires efforts to overcome
potential differences in priorities, expectations, incentives, time frames, and demand for information;
and finally, nutrition-sensitive programs are often aimed at improving multiple outcomes among
program beneficiaries, but they may also provide benefits for people (or communities) beyond the
intended beneficiaries. This complicates the evaluation of the program’s overall public health impacts
and may also “contaminate” the control group (if non-targeted beneficiaries are part of the control
group). These five challenges are discussed below.

604 D.K. Olney et al.



Complexity

The complexity of nutrition-sensitive programs stems from their basic design, which relies on the
integration of multiple interventions and components, often from different sectors. Within each
program intervention, there is potential for variability in the delivery of the intervention by program
implementers (both in terms of quantity and quality), utilization by the program beneficiaries, and
adherence to the specific protocol for each program intervention (e.g., frequency of participation in
program-related activities and dose of nutrition supplement consumed). This makes the evaluation of
the overall program impacts more complex and attribution of impact to the different program com-
ponents particularly difficult unless multiple study arms (which increase cost) are used to disentangle
their relative contribution.

Long Impact Pathways and Time Frames

The pathways from program inputs to biological effects on nutritional status for nutrition-sensitive
programs are usually long. For example, a homestead food production program that includes home
gardens and a behavior change communications (BCC) strategy requires a number of steps before
impact on nutritional status could be expected, such as installing garden beds, preparing the soil,
sowing, planting, and harvesting; setting up and implementing the BCC strategy, and improving
maternal knowledge through repeated BCC sessions; achieving changes in practices and the adoption
of the recommendations from the BCC strategy, including preparing dishes using ingredients from the
home garden, and adopting optimal child feeding and hygiene practices to improve the diets and
nutrient intakes of young children and prevent infections [1–3]. The development and smooth
implementation of program components, and the adoption and optimal use of program inputs and
services may take several months and up to 1–1.5 years to occur even with experienced program
implementers and motivated program beneficiaries. The implementation time frame has critical
implications for evaluations: evaluators should carefully plan the baseline, process evaluation, and
follow-up surveys based on a realistic timeline for program implementation and complete roll out, and
the optimal duration of exposure needed to achieve expected impacts on both intermediary outcomes
and final impacts.

Trade-Offs Between Implementation Constraints and Evaluation Rigor

Programmatic, logistical, and political factors that affect how programs are targeted, where they are
implemented, and how they are rolled out add to the complexity of rigorously evaluating
nutrition-sensitive programs. These factors often compromise the ability to establish a suitable,
randomly assigned control group, which is desirable for establishing a proper counterfactual in
assessing program impacts. To address this issue, program implementers and evaluators need to work
together to identify options, such as using cluster randomization (e.g., randomizing villages or other
administrative units) instead of households or individuals, and holding a public lottery to assign
clusters to intervention versus control groups to show transparency and obtain endorsement from
community leaders and members. If a randomized design is not feasible, the strongest possible
non-randomized designs need to be considered and discussed with program implementers.

Another trade-off relates to the number of treatment groups that are needed in order to answer
specific research questions. If we take the example of a food assistance and BCC program, a typical
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research question might be what is the contribution of food versus BCC in reducing stunting? In order
to properly answer this question, the research design would need to include at least 3 treatment groups
(a group that receives only food assistance, one that receives only BCC, and one that receives both
interventions) and a control group. The 3 treatment groups would require implementing 3 different
program packages across a large number of areas (clusters) and maintaining a control group across
these different areas, which clearly have implications for program implementation, logistics, and cost.
Any additional research question, such as whether adding a water, sanitation, and hygiene inter-
vention would enhance the impact on stunting, would add yet another treatment group and further
complexity for program implementers. For these reasons, researchers and program staff need to spend
a significant amount of time discussing key research questions, to come to an agreement on the
priority questions, and to identify the ideal research design and set of treatment groups needed to best
answer them.

Differing Priorities, Expectations, Incentives, Time Frames, and Demand
for Information Among Program Implementers and Evaluators

As noted above, close collaboration between program implementers and evaluators is essential for the
successful evaluation of nutrition-sensitive programs, and needs to start as early as possible in the
program design phase. Program implementers, however, are often pressured to start rolling out their
program as soon as funding is received in order to reach their program targets. Evaluators, on the
other hand, typically require a few months before the program is rolled out in order to prepare and
conduct a rigorous baseline evaluation. This ensures that the baseline measures adequately represent
the status of the beneficiaries before the program started. To achieve an optimal alignment in the
priorities, expectations, and time frames of program implementers and evaluators, the two groups
need to work jointly and closely as early and often as possible throughout the program and evaluation
process [5]. These meetings, especially early on, often require high-level coordination, negotiation,
and endorsement.

Assessing Benefits Beyond Targeted Beneficiaries

Lastly, nutrition-sensitive programs are generally aimed at improving multiple outcomes and have the
potential to benefit people beyond those directly targeted beneficiaries (pregnant and lactating women
and young children), such as other household members, future cohorts of children, and even other
households or the community as a whole depending on the types of interventions [1, 3, 6]. This
potential “spillover” of benefits beyond the targeted beneficiaries is clearly a positive aspect of such
programs and of their potential sustainability, but it adds even more complexity to evaluating and
capturing all impacts of nutrition-sensitive programs. Evaluations thus need to anticipate the full
range of potential benefits and “spillover effects” of the programs and include relevant measures and
samples of non-targeted beneficiaries in the evaluation. Related to this is the complexity of measuring
the cost-effectiveness of these types of programs that have multiple goals and benefits on multiple
measures. To avoid overestimating the cost relative to the program’s effectiveness, the multitude of
benefits that these types of programs have both in the short and long term must be taken into account.

An additional potential consequence of the spillover of benefits is that some of the non-targeted
beneficiaries (or communities) may actually be part of the control group used to assess the program’s
impact. In that case, the spillover of benefits, although beneficial to households and communities in
the control group, may result in a dilution of the program impacts (or cause an underestimation of true
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impact because both targeted beneficiaries and non-targeted beneficiaries in the control group have
received the benefits).

The remainder of this chapter is structured as follows. First, we describe the general sequence of
research steps required to document the effects of programs (e.g., efficacy and program effectiveness
trials). We then outline a comprehensive evaluation framework for nutrition-sensitive programs and
the different components within that framework, including impact evaluation, process evaluation, and
cost study. For each component, we highlight how to address the key challenges described above in
evaluating nutrition-sensitive programs. We describe ways in which the information generated from
comprehensive evaluations of nutrition-sensitive programs can and should be used and disseminated.

Efficacy Trials and Program Effectiveness

In the traditional sequence of determining whether or not an intervention can work to improve a
biological outcome at the population level, the effect of a new intervention is first tested in an efficacy
trial that evaluates the intervention under ideal and strictly controlled circumstances. Once an
intervention is found to be efficacious (i.e., it has a meaningful impact under ideal conditions), the
effectiveness of the intervention needs to be evaluated under real-life conditions. This sequence works
well with nutrition-specific interventions that generally examine the efficacy and effectiveness of a
specific type of intervention such as twice-yearly distribution of high-dose vitamin A capsules or
distribution of multiple micronutrient powder (MNP) for home fortification of complementary foods.
However, the evaluation of nutrition-sensitive programs does not neatly follow this sequence of steps
as they generally combine multiple interventions that may have been shown to be efficacious as
individual interventions, but whose combined efficacy may not have been tested.

Efficacy Trials

Efficacy research is used to determine whether nutrition-specific interventions have an impact on
biological outcomes. Efficacy research usually starts with lab-based experiments and then moves to
human clinical trials. Once efficacy of a given intervention has been proven with clinical trials, it
should be tested in a field setting to assess its potential for public health impact [7]. The ideal
evaluation design for a field-based efficacy trial is a double-blind randomized controlled trial, which
involves the use of a “placebo” (non-intervention) and a treatment group (intervention) and the
blinding of both researchers and participants as to who is receiving either the intervention or the
placebo. Even though the intervention is implemented under ideal and strictly controlled conditions, it
is important in field-based efficacy trials to measure the delivery of the intervention, use of the
intervention by the intended recipient, and adherence to the intervention protocol (e.g., dose and
frequency of use) [8]. Measurement of delivery, use, and adherence makes it possible to trace the
pathway from delivery to intended biological impact, thereby allowing for identification of any
potential barriers or facilitators that may limit or improve the potential of the intervention to have the
desired impact on the measured outcome [8].1 Finally, in this type of study, contextual factors (e.g.,
participant exposure to other interventions that could also impact the biological outcomes that are
being measured) are controlled for to minimize potential sources of statistical noise and possibly bias

1The extent to which adherence can be reliably measured varies. For instance, adherence to vitamin A supplementation,
which is provided twice a year under strict supervision, is considerably easier than for micronutrient powders which are
consumed at home on daily basis.
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and allows for clear attribution of impact to the specific intervention. Once an intervention is shown to
be efficacious in a field-based trial, the effectiveness of the intervention at a population level can be
tested in a less controlled setting or a more “real-life” situation.

Program Effectiveness Trials

Program effectiveness trials evaluate the impact of a program, or different sets of interventions within
a program, under normal as compared to controlled conditions. The complexities of evaluating
nutrition-sensitive programs depend on the extent to which each of the five challenges outlined in the
introduction come into play.

Historically, program effectiveness has been measured using adequacy designs, which are limited
to describing whether or not the expected changes and/or targets were achieved. This type of design
does not allow the attribution of impact to the specific program being evaluated (or to infer a causal
relationship between the program and the outcomes). Measurements are limited to the program
recipients or target population. In recent years, however, the increased demand for evidence-based
programming [9] has led to the search for more rigorous, yet feasible, evaluations using plausibility or
probability designs. These types of designs do allow for attribution of impact to program interven-
tions when implemented with appropriate rigor. A plausibility design uses a non-experimental control
group to minimize the possibility that the observed changes are due to non-intervention related
factors. Probability designs use experimental designs with random allocation of program inputs to
treatment and control individuals, households, or clusters (e.g., villages or other administrative units).
As a result, the (small) probability that the effect is due to confounding can be quantified [9].

Using a Program Theory Framework and Program Impact Pathways
Analysis as the Foundation for Understanding and Evaluating
Nutrition-Sensitive Programs

This section describes a program theory-based evaluation framework for nutrition-sensitive programs.
The program theory framework is used to identify the key program components for each type of
intervention included in a program, the factors that may affect optimal delivery or utilization of each
of these components, the underlying assumptions associated with each of the key components, and
how the components are expected to be linked in order to achieve impact [10]. Depending on the
complexity of the program, a program theory framework includes one or more program impact
pathways. A clearly documented program theory framework and associated program impact pathways
are indispensable to unravel the complexity of nutrition-sensitive programs. In turn, these tools can be
used to help identify which measures to assess along the program impact pathways, and when and
how to assess them (e.g., who the respondent should be and what method(s) should be used to
measure the different inputs, processes, outputs, and outcomes). A clearly documented program
theory framework and associated program impact pathways are particularly useful to identify lack of
fidelity in implementation or potential bottlenecks in the delivery or utilization of the different
components of the program. This information can be fed back to program implementers in a timely
fashion, hereby helping them to strengthen program implementation and operation. Similarly, impact
pathway analysis results can be used to strengthen the design and implementation of future programs.
It is assumed that if the program theory is correct, primary program inputs are provided and utilized as
planned, and the processes work as expected, the program should achieve its desired outputs,
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outcomes,2,3 and impacts4 (see Box 27.1) [10]. Conversely, if a program does not achieve its desired
impacts, the program theory framework will help identify the inputs and/or processes that may have
limited the potential of the program to attain its expected outputs and outcomes and ultimately to
achieve its targeted impacts.

Box 27.1 Definitions of Program Inputs, Processes, Outputs, Outcomes, and Impacts [10]

1. Inputs: Resources and constraints applicable to the program (e.g., village health support
group identified and trained).

2. Processes (or activities): The services the program is expected to provide (e.g., provision of
health, hygiene, and nutrition education).

3. Outputs: Receipt of program services or service utilization (e.g., health, hygiene, and
nutrition education received by beneficiaries).

4. Outcomes: The state of the target population or the social conditions that a program is
expected to change (e.g., child care and feeding practices).

5. Impacts: The portion of changes in the final measures along the hypothesized program
impact pathways that can be attributed uniquely to a program, with the influence of other
sources controlled or removed (e.g., maternal and child health and nutritional status).

How to Design a Program Theory Framework and Associated Program
Impact Pathways?

Ideally, program theory frameworks should be designed by a group of key stakeholders including
program implementers, evaluators, beneficiaries of the program (if the program is already being
implemented), and other key stakeholders knowledgeable of the type of program being designed.
Program theory frameworks are living documents as programs inevitably change over time and the
framework needs to be easily modifiable to reflect these changes. An example of this collaborative
effort is in the design of the program theory framework and associated program impact pathways for
Helen Keller International’s (HKI) homestead food production (HFP) program in Cambodia
(Fig. 27.1). This program theory framework was developed at a workshop held in Cambodia which
included HKI program staff, evaluation staff from the International Food Policy Research Institute
(IFPRI), and a number of key stakeholders, including representatives from the Ministries of Health
and Agriculture, other NGOs, and program participants. It was used as the basis to design and
conduct a process evaluation of HKI’s HFP program in Cambodia to assess which program inputs
and processes were working as designed and planned and which ones were not [11]. This basic
framework has since served as the basis for some of HKI’s HFP programming efforts and associated
evaluations in other countries (e.g., Nepal and Burkina Faso).

2Outcomes may be attributed to the program if a probability design is used to assess them.
3Outcomes may be impacts in different studies, depending on the study design, objectives, and selected measures of
success.
4Impacts can only be assessed if a probability study design is used and a valid counterfactual has been established.
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How to Use a Program Theory Framework and Associated Program Impact
Pathways in Designing the Evaluation of a Nutrition-Sensitive Program?

Once the program theory framework has been clearly outlined and understood by all stakeholders, it
should be used to help guide program implementation as well as the monitoring and evaluation
activities. By understanding what needs to be delivered by program implementers, what the expected
content and quality of each of these intervention components are, what the time frame is for
implementation and for utilization by program beneficiaries, and how program impacts are expected
to be achieved, evaluators can determine what to evaluate, and when and how to evaluate it. In the
case of HKI’s HFP program in Cambodia, the program theory framework was used to design the
process evaluation related to that program and included both quantitative and qualitative components
(Table 27.1). The program theory framework is also an invaluable tool for designing both the impact
evaluation and the cost study of a program. Ideally, these different evaluations are included together
in a comprehensive evaluation framework to understand what impacts a program has, how it achieves
these impacts, and at what cost.

A Comprehensive Evaluation Framework to Assess Program Impacts,
Impact Pathways, and the Cost of Nutrition-Sensitive Programs

Understanding the pathways to impact is critical for improving program delivery and effectiveness
(i.e., to keep and strengthen components that work and modify or discard components that do not). In
addition, when combined with cost information, evidence of fidelity (i.e., the program is implemented
as was planned), and confirmation of quality of implementation, this information helps program
managers to decide whether the program can be adapted to other settings or scaled up, and at what
cost [12]. In the following three subsections, we describe how to assess what impact a
nutrition-sensitive program has (impact evaluation), how this impact is achieved (impact evaluation
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Fig. 27.1 Hypothesized pathways through which homestead food production (HFP) programs may improve maternal
and child health and nutrition. Adapted from: Olney DK et al. [11]
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and process evaluation), and at what cost (cost study). In addition, we highlight common challenges
within the different evaluation methods that are used to answer these questions.

What Is the Impact of the Program?

A rigorous impact evaluation allows attribution of changes in outcome and impact measures to the
program and requires a probability design [9]. Several factors need to be taken into consideration

Table 27.1 Methods used to assess the implementation and utilization of the primary components of Helen Keller
International’s homestead food production programa,b

Program inputs, processes, outputs, or outcomes identified in
the program theory framework

Data collection
methods used

Study population or
program service delivery
point

Inputs

HKI partners with local NGO Semi-structured
interview

HKI staff
Local NGO staff

VHVs identified and trained (e.g., previous experience, training
received through program, motivation, and knowledge)

Semi-structured
interview

HKI staff
Local NGO staff
VHVs

Processes

Health and nutrition trainings conducted for beneficiaries (e.g.,
provision, quality, and how these could be improved)

Semi-structured
interview

HKI staff
Local NGO staff
VHVs
Beneficiaries

Focus group
discussion

Beneficiaries

Observation Health and nutrition
training sessions

Outputs

Beneficiaries received and understood the health and nutrition
trainings (e.g., participation, barriers and facilitators to
participation and learning)

Semi-structured
interview

Beneficiaries
HKI staff
Local NGO staff VHVs

Outcomes

Improved agriculture knowledge among beneficiaries Semi-structured
interview

Beneficiaries
Non-beneficiaries

Improved health, hygiene, and nutrition knowledge among
beneficiaries

Semi-structured
interview

Beneficiaries
Non-beneficiaries

Increased vegetable production (e.g., types of vegetables
produced, perceived barriers, and facilitators to increase
production)

Semi-structured
interview

Beneficiaries
Non-beneficiaries

Increased fruit production (e.g., types of fruit produced,
perceived barriers, and facilitators to increase production)

Semi-structured
interview

Beneficiaries
Non-beneficiaries

Increased poultry production (e.g., perceived barriers and
facilitators to increase production)

Semi-structured
interview

Beneficiaries
Non-beneficiaries

Increased household consumption (e.g., perceived changes in
household consumption and perceptions about how
consumption has changed due to program participation)

Semi-structured
interview
Focus group
discussion

Beneficiaries
Non-beneficiaries
Beneficiaries

aAdapted from: Olney DK et al. [11]
bHFP Homestead food production; HKI Helen Keller International; NGO nongovernmental organization; VHV village
health volunteer
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when designing rigorous impact evaluations of nutrition-sensitive programs. These include aspects
related to the selection of a valid comparison group (counterfactual), the trade-offs between experi-
mental and non-experimental designs, issues of timing and duration of the evaluation, sample sizes,
and choice of impact measures.

The Challenge of Finding a Valid Counterfactual

We consider a program aimed at improving women’s nutritional status. Our objective is to estimate
the impact of the program on women’s nutritional status (N), i.e., we want to know to what extent the
program caused a change in women’s nutritional status. The impact of the program can be calculated
as follows:

impact ¼ N j with programð Þ � N j without programð Þ;

that is, the impact of the program is the difference between the nutritional status of a woman receiving
the program and the nutritional status of the same woman at the same point in time had she not
received the program. By comparing the same woman at the same point, we rule out the possibility
that the difference is due to non-program-related differences between women or to changes over time.
The problem with this approach is obvious: (N | with program) and (N | without program) are never
both “observable,” i.e., no woman can be in the program and not in the program at the same time. For
a woman in the program, (N | without program) is unknown; conversely, for a woman who is not in
the program, we do not know what her nutritional status would have been had she been receiving the
program. The key challenge to impact evaluation is thus to determine what would have happened in
the absence of the program, which is referred to as the “counterfactual.” The counterfactual is
constructed by finding a comparison group that is similar to the group receiving the program on all
relevant characteristics, except for receiving the program [13–15]. The following subsection describes
how different evaluation designs are used to generate valid counterfactuals.

Selecting an Evaluation Design

Experimental (or randomized) designs in which the eligible population is randomly assigned to either a
treatment or a control group are considered the gold standard for impact evaluations. Randomization
can be done at the individual or group (cluster) level. If the randomization is done well (and the group
to be randomized is sufficiently large), one can (reasonably) assume that both groups are comparable
and that the only difference between the groups is the program. The control group thus provides a valid
counterfactual for the intervention group exposed to the program. As a consequence, differences found
in the outcome and impact measures of interest between groups can be attributed to the program.

Experimental designs, even though attractive from a design point of view, are often difficult to
implement for practical, logistical, or political reasons. For example, it may be politically unac-
ceptable to withhold a cash transfer program known to have had impacts on poverty in some contexts
from households or communities that are equally poor as those receiving the program. Some may
even challenge the rationale for conducting an impact evaluation if the program has been previously
shown to be efficacious or effective. There are many reasons why new impact evaluations may be
justified, such as to assess impacts on other measures (e.g., nutrition, women’s empowerment,
domestic violence, in addition to poverty) and in other contexts (e.g., testing a successful model
implemented in a middle-income country from Latin America in a low-income country in Africa), or
to test different modalities or packages of interventions. An important consideration when discussing
the creation of a control group is that, given the usually limited resources programs available, only a
certain percentage of the poor can be covered by the program. As such, the fairest way to select those
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included and those excluded is done by random allocation, giving all potential beneficiaries (either
individuals or groups) the same probability of getting the program (as opposed to other less fair
approaches). Alternatively, a stepped wedge design can be used: Program enrollment (group or
individual) is staggered over time, allowing those scheduled to start receiving benefits later to serve as
a control until the time they become beneficiaries themselves.

Nonetheless, experimental approaches are often not feasible in programmatic contexts, and
quasi-experimental designs are the next best alternative. Short of randomization, quasi-experimental
designs use statistical techniques to create a valid comparison group or to address the differences
between the treatment and the comparison group. A commonly used method is propensity score
matching (PSM), in which (groups of) program beneficiaries are statistically matched ex-post to
non-beneficiaries on characteristics known to influence the outcome of interest. PSM allows matching
on a large number of characteristics. An important limitation is the assumption that all relevant
differences between the treatment and comparison group (i.e., all characteristics that could influence
the outcome and impact measures and thus potentially bias the impact estimates if not taken into
account) can be observed. A second approach is the double difference or difference-in-difference
approach.5 This method compares the difference between the treatment and comparison groups at
baseline (ΔNt=1 in Fig. 27.2) and follow-up (ΔNt=2) (hence the term double difference). This method
eliminates bias due to unobserved differences between the treatment and the control group provided
they are constant over time, i.e., they do not change between baseline and follow-up [16]. Other
approaches such as regression discontinuity and instrumental variable regression are beyond the
scope of this chapter. Details on these methods can be found elsewhere [13, 14].

It is important to note two widely used evaluation designs that are likely to produce biased impact
estimates because of inadequate counterfactuals. These are designs that compare with and without
intervention at follow-up only (no baseline), and those that compare program beneficiaries before and
after the intervention (intervention group only, no “control” or comparison group). In the first method,
individuals who received the program are compared to (non-randomly chosen) individuals who did
not receive the program. Any difference between these two groups of individuals can thus be due
either to the program or to preexisting differences between the two groups. This is a particularly
severe problem when individuals or households self-select into a program (i.e., are eligible to receive
program benefits, but can choose to participate or not). In this case, it is likely that those who choose
to participate are different from those who choose not to in key aspects such as poverty, employment,
education, and other factors that are difficult to measure (e.g., autonomy, and commitment to improve
the well-being of their children) that affect both the uptake and the impacts of the program. In the
hypothetical example in Fig. 27.2, the comparison group selected at follow-up actually had a higher
nutritional status (N) at baseline than the treatment group. But because baseline information is not
available, the “with and without estimate” of the program impact at follow-up underestimates the
“true impact” of the program.

With the before and after intervention group only method, which compares the outcomes in
program beneficiaries before and after program participation, the problem is that no information is
available on the potential influence of other factors—shocks (positive or negative) or other programs
implemented in the study areas—that may also affect the key outcomes and impacts of interest in the
evaluation. Figure 27.2 shows a situation where this approach overestimates the program’s impact,
simply because it does not consider the improvement in nutritional status that occurred in the area due
to factors unrelated to the program (see improvements between baseline and follow-up in hypothetical
“valid counterfactual” group). In this case, because information on a valid (counterfactual) com-
parison group is unavailable, the impact attributed to the program (“before and after estimate”) is
larger than its real impact (true impact).

5Note that difference-in-difference estimation is also used to estimate impact on experimental studies.
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The Importance of Time, Duration, and Timing

The proper timing of the impact evaluation and the ideal length of time between baseline and follow-up
depend on four different lag times (the first three lag times draw fromHabicht et al. [8]) plus seasonality,
which are relevant for most nutritional assessments. The first lag time is the time it takes for the program
to be fully rolled out, and for program components to reach full coverage at the level of quality of
implementation expected. The length of this lag time affects the time it will take after the baseline
survey for the program to achieve detectable impacts and thus determines the timing of the follow-up
survey (Fig. 27.2). The second lag time relates to the (biological) response time, which depends on the
measure of interest. For example, it takes only a few days for vitamin A supplements to improve vitamin
A status in deficient populations, but improving children’s linear growth takes much longer. In order to
improve children’s height, it is important to consider not only the duration of the intervention, but also
its timing. It is now well recognized that the best time to improve children’s height is during the critical
first 1000 days (from conception to the child’s second birthday), which is considered the period of
greatest potential for response to nutritional interventions targeted to mothers and children [17, 18]. To
achieve full impact, children should therefore be exposed to the program for almost 3 years (in utero
during pregnancy and for at least their first 24 months of life). Since the effect on linear growth is
cumulative, the impact should be evaluated after 24 months when the largest effect is expected to be
observed. The impact on the behaviors leading to this impact (e.g., nutrition and health practices), on
the other hand, should be assessed when they are most important, i.e., before 24 months of age. The
third lag time is the time it takes in cohort studies to enroll a sufficiently large number of study subjects
in the required age group. Say, for example, that a program aims to enroll mothers during pregnancy and
follow them until their child reaches 2 years of age, it will require several months to enroll the target
sample of pregnant women, adding to the total time needed for full follow-up of each child until
24 months of age. The fourth lag time relates to the often long pathways from program inputs to the
biological effects on nutrition measures (e.g., from installing garden beds to harvesting and feeding the
crops to the child; or for mothers receiving BCC to actually adopting recommended feeding practices
and for these improvements to translate into improvements in nutritional status measures).

The final time-related factor, seasonality, needs to be taken into account when measuring outcomes
such as food availability, dietary intake, or child morbidity or wasting, which are known to vary by
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Fig. 27.2 Estimating program impact using the double difference, “follow-up with and without intervention” and the
“before and after intervention group only” approaches
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season [19]. The potential to benefit from interventions may also vary by season. For instance, the
impact of an intervention aimed at alleviating acute malnutrition should be assessed during the lean
season when its prevalence is highest. Seasonality is particularly challenging when evaluating the
nutrition impact of agricultural interventions, as both the intervention and the impact measures may
be sensitive to seasonal variations. To reduce the effect of seasonality, it is generally recommended to
conduct the baseline and follow-up surveys at the same time (month) of the year.

Ensuring Appropriate Sample Size

Sample size calculations are conducted to determine the minimal number of observations needed to
detect a meaningful effect of the intervention on the impact measures of interest. Calculating the
necessary sample size requires information on the hypothesized impact of the intervention, the natural
variability in the impact measure of interest, the study design (including whether randomization is
done at individual or cluster level), and the level of type I and type II errors the evaluators are
comfortable with. The first type of error reflects the possibility of concluding that there is an impact
while the program had no effect. One minus the type II error equals the study’s statistical power, i.e.,
the probability of finding the impact if it was truly there [13]. Once the required sample size has been
calculated, additional provisions need to be made for missing data, loss to follow-up, and other
problems that might reduce the number of observations that can be analyzed.

Choosing Indicators

Selecting appropriate indicators for the evaluation of complex nutrition-sensitive programs with
multiple inputs, impact pathways, outcomes, and impacts is challenging. Since these programs
integrate interventions from different sectors that often aim to address several underlying determinants
of undernutrition (e.g., poverty, food insecurity, and women’s empowerment), choosing the right
indicators requires consulting with experts from a variety of fields. Indicators need to be selected
carefully to ensure that they accurately reflect the phenomenon that is being measured. Other chal-
lenges relate to different levels at which measures need to be taken (community, household, and
individual) and to the fact that the validity of many indicators depends on the degree or the level at
which it will be assessed. For instance, the different stages in the development of iron deficiency
require the use of different indicators [19].

Standardized approaches are available for the measurement of a wide variety of outcomes, such as
household food security [20], women’s dietary diversity [21], women’s empowerment [22], and
infant and young child feeding practices [23]. The valid measurement of other outcomes, such as
agricultural practices, and health and nutrition knowledge require the careful development of data
collection tools and analytic approaches that accurately capture the main outcomes and impacts of
interest of a given evaluation.

How and Why Did the Program Have (Did Not Have) an Impact?

Understanding the Pathways to Impact

Understanding the pathways to impact is critical to improving program delivery and effectiveness
(i.e., to keep and strengthen components that work and modify or discard components that do not),
and to identify what is needed to scale up and to adapt the program for implementation in other
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settings. Information on how impact is achieved is typically collected in two different ways. First, data
on intermediary measures (outcomes) along the impact pathway are collected in the baseline and
follow-up surveys. For example, the evaluation of HKI’s HFP program in Burkina Faso assessed a set
of intermediary outcomes including changes in agriculture production, women’s health and
nutrition-related knowledge, and household, women’s and children’s dietary diversity, all outcomes
that lie along the hypothesized program impact pathways for HKI’s HFP program (Fig. 27.1) [24]. If
no changes are observed in these intermediary outcomes, it is unlikely that improvements will be
found in the final impact measures. Conversely, if positive changes, attributable to the program, are
seen in both these intermediary outcomes and the final impact measures, the plausibility that the final
impacts are due to the program is increased.

Second, a process evaluation study conducted while the program is being implemented will help
identify what is working and what might be working less well in terms of fidelity of implementation
and delivery and use of program services at different points along the program impact pathway.
Process evaluations can help identify bottlenecks or facilitators to optimal program delivery and
utilization. This information can be used to improve both ongoing programs and future programs.
Note that process evaluation findings that are used to strengthen ongoing programs do not com-
promise the program evaluation as long as the changes are made uniformly across all program areas.
In addition to identifying implementation bottlenecks and providing an opportunity for programs to
readjust implementation, process evaluation data are critically important to help understand why a
program has (or has not) achieved its desired impacts.

Designing the Process Evaluation

The design of a rigorous process evaluation requires a solid understanding of the overall program
theory framework and the associated program impact pathways. Ideally, a process evaluation is
designed to examine the primary inputs, processes, outputs, and outcomes along each of the primary
program impact pathways (see Fig. 27.1 and Table 27.1) to obtain in-depth information to address
five key questions: (1) Are program services being implemented and provided as planned and
according to the program design (inputs and processes)? (2) Are program services being utilized as
intended (outputs)? (3) What is the quality of the program inputs and services (inputs, processes, and
outputs)? (4) What are the barriers and facilitators to optimal service delivery and utilization (inputs
and processes)? and (5) Is the program on track to have the desired effect on improving intermediary
outputs and outcomes, such as improvements in knowledge (in the example from HKI’s HFP
program)?

By answering these questions, one can assess the fidelity of the program to its intended design; the
adherence to intervention protocols and barriers and facilitators to optimal program delivery; the
quality of the services being delivered by program implementers; and the level of utilization of
program services by the intended participants and their adoption of recommended practices. In
addition, process evaluation results can also provide information related to whether or not the pro-
gram is likely to have its desired impacts by examining early impacts on intermediary outcomes
[5, 25].

The Importance of Timing and Time Frames

Ideally, a process evaluation is conducted once the program is fully up and running in order to give
the fairest assessment of what is working well and which processes and services could be improved.
With most nutrition-sensitive programs that typically run from 2–3 years, the first process evaluation
round should be carried out about one year after the program has started implementing its different
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intervention components. Depending on the duration of the program, it can be useful to conduct a
second round of process evaluation. The purpose of a second round can include documenting whether
or not corrective measures implemented by the program team (if applicable) have improved imple-
mentation fidelity or successfully addressed previously identified bottlenecks, or furthering the study
of specific issues identified during the first round of the process evaluation (e.g., potential time
constraints related to beneficiary participation in the program; utilization/sharing of donated com-
modities or products; and observation of potentially negative impacts of program on household
dynamics such as domestic violence).

While program monitoring is usually expected to be designed and implemented by program
implementers, linking the process evaluation to well-designed and documented program monitoring
activities can provide additional insights into what is working well and what is not with regard to
program implementation and utilization. Monitoring data are usually collected starting early in the
program life cycle and on a more regular basis than process evaluation data, and thus, combining the
two sources of data can provide rich complementary information on program implementation and
operations issues. Additionally, linking these two activities can reduce data collection redundancies.
Program monitoring, for example, can be used to collect continuous detailed information on program
service delivery that a process evaluation (which is conducted at discrete time points) would not be
able to assess. However, in order to be useful, program implementers and evaluators need to work
together to determine what types of information should be collected, by whom, how, and at what
frequency. Lastly, in order to merge the data, common identifiers need to be used.

One of the biggest challenges with conducting a rigorous process evaluation is ensuring that the
information collected is both useful and timely. It is relatively straightforward to collect
accounting-type data that inform program managers about whether or not services have been
delivered as planned and what the uptake by beneficiaries is. This type of information can be collected
through either program monitoring or a process evaluation and fed back to program managers within
a relatively short time frame and can be used to identify and implement solutions to the problems
encountered. However, collecting and analyzing the types of qualitative data that are useful for
understanding how and why interventions are or are not working is much more time-consuming. As a
consequence, it can be difficult to feed relevant information obtained from these data back to a
program within a time frame that is useful for the ongoing program (especially in the case of a 2-year
program). Thus, some things to consider when deciding on the overall design of the process eval-
uation in regard to time and timing are as follows: (1) What is the total duration of the program?
(2) When will the program be fully up and running? (3) Is it feasible to evaluate all of the primary
intervention inputs, processes, outputs, and outcomes within the program theory framework? (4) If
not, which critical inputs, processes, outputs, and outcomes or pathways should be prioritized in the
process evaluation? (5) Can the data be collected and analyzed within a time frame that will allow
timely feedback to program implementers and give them sufficient time to implement solutions to the
problems encountered? and (6) Can the data be used to inform similar programs in the future or help
interpret the results from the impact evaluation?

Selecting Data Collection Methods and Tools

Once the overall goals and the key questions to be answered by the process evaluation are determined,
the next step is to select appropriate measures and identify the types of service delivery points and
respondents (program implementers, program beneficiaries, and other household or community
members) to include in the study. Lastly, the choice of methods needs to take into account the program
components to be evaluated, the measures to be used, the respondents to be interviewed, and the points
of service delivery to be observed. Commonly used approaches in process evaluations include
semi-structured interviews, structured/semi-structured observations, and focus group discussions,
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among others (Table 27.1). As noted above, ideally all program inputs, processes, outputs, and out-
comes along the hypothesized program impact pathways are evaluated in a rigorous process evalua-
tion. If there are time and/or resource constraints, however, implementers and evaluators should jointly
prioritize which inputs, processes, outputs, and outcomes the research should focus on.

To assess whether or not program inputs, processes, outputs, and outcomes are working as
expected requires the collection of data that is subsequently compared to the intended design of the
program (e.g., beneficiaries should receive five different types of seeds and attend two trainings per
month). In addition, measures of quality of service delivery should be included because it is critically
important for uptake and impact. Quality can be assessed using direct (structured or semi-structured)
observations at program delivery points and through interviews with program implementers and
beneficiaries. Lastly, barriers and facilitators to optimal program delivery and/or utilization should be
assessed through the use of observations, interviews, and focus group discussions.

Drawing the Sample

The goal of process evaluation is different from that of an impact evaluation and therefore requires a
different sampling approach. Generally, program implementers at various levels and program bene-
ficiaries are the primary respondents. Program implementers are selected using a purposive sampling
method whereby the implementers provide a list of staff and the program evaluators select some or all
of them. If only a portion of the program implementers is selected, this is done using a random sample
or by selecting implementers that meet certain criteria (e.g., gender, age, and skill level). Beneficiaries
are either purposively or randomly selected with or without the use of stratification on a few key
variables (e.g., poverty, household size, and location) to ensure that a range of respondents is included
in the sample.

Summarizing the Results from the Process Evaluation

Given the mix of qualitative and quantitative data collected from a variety of key stakeholders in a
process evaluation, it is useful to have a general framework of analysis to determine whether or not
program inputs, processes, outputs, and outcomes are working as expected or not, and which aspects
of implementation might need strengthening. This is not meant to be an exact science, but rather a
general framework that can be used to identify areas that may need attention. One way to do this is to
consider the quantitative data related to the primary measure (or set of measures) for a given program
input, process, output, or outcome (e.g., beneficiaries established home gardens or attended training)
and determine if each of those inputs, processes, outputs, and outcomes are working as expected, and
if not, why not, and what could be done to improve them. For example, components with a positive
response in more than 75% of the cases could be classified as “working well,” those with a positive
response in 25–75% as “needs improvement,” and those with a positive response in less than 25% as
“not working.” After this initial classification, the perceptions and opinions of the program imple-
menters and beneficiaries are used for triangulation and the categorization of that component changed
as necessary. The final classification needs to consider the frequency with which problems were
reported and/or the severity of the respective problems.

Sharing and Feeding the Results Back to Program Implementers

In order for program implementers to fully utilize the results from a process evaluation to improve
ongoing and future programs and to identify what was working in the program that should be repli-
cated in similar programs and scaled up if appropriate, the results need to be fed back to them in a
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timely fashion. This feedback should occur in the context of a workshop where the results are
presented and program implementers, evaluators, and other key stakeholders, knowledgeable about the
type of program, discuss the implications of the results. In order to make improvements in ongoing and
future programs these discussions should focus on what program inputs, processes, or outputs are
feasible to improve and how these improvements could take place. The process evaluation of HKI’s
HFP program in Cambodia, for instance, found that the village health volunteers responsible for
conducting nutrition education sessions for program beneficiaries had limited motivation to conduct
these sessions which often meant that the sessions were either not conducted or conducted with the
help of HKI or supporting staff from HKI’s partner NGO, which was not in line with the original
program design and may have limited the quality and impact of this part of the program. Participants at
the process evaluation workshop identified this as something that could be addressed in the ongoing
program and suggested providing the volunteers with small incentives such as chickens to increase
their motivation [11]. In relation to replicating and scaling up similar programs, discussions should
also include a reflection on what worked well in the program and how optimal program delivery and
utilization can be maintained, which can be challenging especially during scale-up processes.

What Is the Cost of the Program?

The objective of the cost study is to estimate the overall cost of the program, the cost of the main
program components, and the program’s cost-effectiveness. A well-conducted cost study allows for
estimation of the savings or cost associated with adding, changing, or dropping program components,
adding beneficiaries, or scaling up the program. A preferred method for detailed cost analysis in the
context of a theory-driven impact evaluation is the activity-based costing ingredients (ABC-I)
approach [26]. Using the program impact pathways, the first step of the ABC-I approach is to conduct
a detailed description of all program activities. The description is used to identify the program’s main
activities. The next step is to define the unit cost algorithms, i.e., the different types, quantities, and
costs of the “ingredients” necessary for each activity. Once the unit cost for each ingredient is
determined, the total cost for each program activity and for the full program can be determined. This
method has been used in several contexts and with a variety of programs, including social transfer
programs [26, 27].

Working Together: Evaluation and Program Implementation Teams
Working Together Toward a Common Goal

Evaluations of complex nutrition-sensitive programs using a comprehensive evaluation framework
require close and continuous collaboration between program implementers and the external evalua-
tion team [5]. This collaboration should be established at the program design phase and maintained
throughout. The objective is to align potentially differing priorities, expectations, incentives, and time
frames, and to ensure that on the one hand the program implementers share updates and challenges on
program roll out and service delivery, and on the other hand, that the evaluators provide regular
updates on goals, methods, and findings from their evaluation activities. This collaboration can also
be useful for aligning program monitoring and evaluation activities in cases where this would be
useful (e.g., collection of detailed program participation information). Some of the key challenges of
successful collaboration often relate to differences in (institutional and personal) priorities, expecta-
tions, and incentives; conflicting goals, targets, and time frames; and the degree of independence of
the evaluators.
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Differences in Priorities, Expectations, and Incentives

Program implementers and evaluators often have very different mandates and reporting requirements
that are reflected in their differing priorities, expectations, and incentives. Implementers on the one
hand are charged with delivering a high-quality program that meets the targets set out in their original
proposed plan within the specified budget and time frame. Program evaluators, on the other hand, are
responsible for rigorously evaluating the program and producing evidence of program impact (or lack
thereof), and are tasked with answering key questions related to why that impact was achieved (or
not) and at what cost. A common challenge relates to deciding on the evaluation design. For the
evaluator, the most informative design often involves multiple treatment arms receiving different
program packages and a control group not receiving any program benefits. Ideally, assignment to
these arms is random at the lowest possible level of aggregation (i.e., households rather than villages)
to increase statistical power. For the program implementer, this ideal design makes implementation
challenging (if not impossible) and increases costs substantially. Agreeing on a workable evaluation
design that meets both the evaluators’ commitment to rigor and the implementers’ mandate to deliver
a high-quality program and achieve target coverage numbers within the budgetary limits requires
in-depth and regular discussions starting at the inception of the program and evaluation process and
continuing until the final evaluation is completed.

A second problem is that evaluators are often wrongly perceived as evaluating the performance of
the program implementers themselves, rather than generating evidence on the effectiveness of the
program or approach. Likewise, collecting cost data frequently leads to the perception that the
evaluators are auditing the program’s finances. To build the trust necessary for effective collaboration,
it is important for the evaluator to clearly explain the objectives of the different components of the
evaluation (impact, process, and cost), present examples of the types of information that will be
generated, and discuss how this information can be used to strengthen, replicate, or scale up suc-
cessful program models.

Differences in Time Constraints and Time Frames

A common constraint in the evaluation of nutrition-sensitive programs is the short time frame
imposed by many donors (e.g., 2–3 years). As noted above, nutrition-sensitive programs are by
definition complex because they integrate interventions from different sectors that often aim to
address several underlying determinants of undernutrition. As can be expected, the more complex the
program, the longer it takes to get it fully functional and well implemented, and the more complex
(and time- and resource-intensive) is the evaluation process. Moreover, evaluating impacts on bio-
logical outcomes such as child anthropometry may require as long as 1000 days of program exposure
and must take into account other aspects such as enrollment time to achieve desired sample size and
seasonality. The time frame for such evaluations should be at least 4–5 years. By contrast, program
implementers are often under high pressure to get their program up and running and may roll out
different program components as soon as they are ready. Other components that require extensive
training and adaptation of materials, such as BCC and other nutrition interventions, which are
important components of nutrition-sensitive programs, however, may take several months of planning
and development. For example, a program that involves a community-level BCC strategy requires the
BCC strategy to be developed (or adapted), a number of program implementers and frontline workers
to be trained (e.g., NGO staff, master-level educators, and community-based educators), and the
logistics of delivering the BCC to program beneficiaries needs to be carefully designed and tested.
Meanwhile, it also takes time to design a rigorous impact evaluation once the research questions are
agreed upon. Preparations include building the program theory framework, developing the evaluation
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and sampling design, designing and pretesting the data collection tools, training and standardizing
enumerators, and planning the logistics of the field work. Ideally, program implementation and
evaluation time frames would align so that full program implementation would be ready to go as soon
as the baseline survey is completed. If program implementers and evaluators work closely together
from the design phase, it is possible to optimize the alignment of the time frames for program and
evaluation activities. This type of alignment is illustrated in Fig. 27.3, which shows a program
implementation and evaluation time frame for HKI’s HFP program in Tanzania. This was designed
by program implementers and evaluators working together to understand the different steps and key
considerations for both sets of activities. Although it is possible to optimize the alignment of program
and evaluation activities, there are cases where program implementation falls behind schedule and in
those cases it may be important to conduct a midterm evaluation that in some sense can also serve as a
new baseline.

Independence of Evaluators

A final challenge is determining the right degree of independence between the program implementers
and the evaluators. To ensure the objectivity and credibility of the evaluation, it is recommended to
have an evaluation team that is independent of the institution implementing the program under
evaluation. Complete separation, however, is not possible, nor desirable. As explained above, for an
evaluation to be successful and relevant, evaluators and implementers must work closely together
[13]. The use of an external team is also recommended to ensure the highest possible quality.
Rigorous program evaluations require experts with specialized skills which the implementing orga-
nization is unlikely to have among its staff. A number of recent capacity building initiatives targeted
to development practitioners and policy makers have focused on making communication between
implementers and expert evaluators easier. These include books (see for instance Gertler et al. [13]),

Fig. 27.3 Alignment of program and evaluation activities for HKI’s HFP program in Tanzania
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and initiatives such as MEASURE Evaluation (www.cpc.unc.edu/measure) and the International
Initiative for Impact Evaluation (www.3ieimpact.org). These efforts are likely to be much more
valuable than trying to build the capacity of program implementers in conducting rigorous evalua-
tions, just as it would make little sense to train evaluators in designing and implementing programs.
Of utmost importance is that program implementers and evaluators learn how to communicate better
and work together efficiently.

Using the Results from Evaluation Research

In order to be useful, evaluation results need to be shared widely, in the appropriate fora, and using
the most effective and tailored communication approaches for different audiences. For example,
program implementers need to know whether they are meeting their targets as agreed with the donors
and need information on which program components are working or need improvement. They
generally need this information quickly so that they can use it to report back to donors and/or to
improve ongoing program delivery and utilization. This information is usually provided by evaluators
in the form of reports, and presentation and extensive discussions with implementers of the results
and their implications. Lessons learned from synthesis of methods and of results from different studies
can also be particularly useful for the wider community of program implementers. Evaluators should
use this rich data and work jointly with program implementers to prepare guidance documents on best
practices for designing, implementing and evaluating successful nutrition-sensitive programs. Like
program implementers, donors need to know if targets are being met, but they also want to know what
overall impact the programs they fund have and at what cost. Donors usually have specific reporting
requirements that generally include measurement of a given set of performance indicators as well as
program and evaluation reports. Widespread dissemination of evaluation results and lessons learned
among the donor community is also critically important to inform future investments in
nutrition-sensitive programs. Lastly, in order to contribute effectively to building the evidence base
and to promote uptake of research methods and findings by the research and development commu-
nity, results from comprehensive evaluations should be published in the scientific, peer-reviewed
literature and disseminated widely at international, regional, and national conferences.

Conclusions

The current global evidence base regarding the nutritional impacts of nutrition-sensitive programs,
including popular ones such as social safety nets and agriculture development programs, is generally
limited because of poor targeting, design and implementation of programs, and equally important,
sub-optimal evaluation designs [1, 3, 6]. Although there is a consensus regarding the need to invest in
nutrition-sensitive programs in order to address the underlying causes of undernutrition and to
improve the effectiveness, reach, and scale of both nutrition-specific interventions and
nutrition-sensitive programs, the evidence of what works, how and at what cost is extremely limited.
Thus, building a strong body of evidence from rigorous, theory-based comprehensive evaluations of
different nutrition-sensitive program models that bring together interventions from a variety of sectors
(e.g., health, education, agriculture, social protection, women’s empowerment, water, and sanitation)
is essential to provide the needed guidance for future investments for improving nutrition. This
chapter provides this type of guidance, focusing on how to design and carry out rigorous process,
cost, and impact evaluations of complex nutrition-sensitive programs; and it aims to demystify some
of the perceived insurmountable challenges that have prevented investments in rigorous evaluations
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of such programs in the past. By doing so, we hope that the evidence gap in nutrition-sensitive
programming, which has characterized the past decades of development, will quickly be filled and
that future investments will benefit from a strong body of evidence on what works to improve
nutrition, how it works, and at what cost.

Discussion Points

• What are the five key challenges in evaluating nutrition-sensitive programs? Are there other
challenges associated with evaluating nutrition-sensitive programs? How might some of these
challenges affect one’s ability to rigorously evaluate a nutrition-sensitive program?

• How can some of the key challenges in designing an impact evaluation of a nutrition-sensitive
program be addressed?

• What are the three main components of a comprehensive evaluation and what are the primary uses
of each of these three components? How can the data collected through each of these components
be integrated to enhance one’s understanding of the effectiveness of a nutrition-sensitive program?

• How can a program theory framework and the associated program impact pathways analysis be
used in the design and evaluation of a nutrition-sensitive program? How else can a program theory
framework and the associated impact pathways be used to enhance one’s understanding of the
impact of a nutrition-sensitive program?
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Chapter 28
Integrated Approaches to Health and Nutrition:
Role of Communities
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linkages �Multi-sectorality � SDG3 � Health enablers � Health system � Community health workers �
Task shifting

Learning Objectives

• Understand the different roles of communities in directly or indirectly impacting health.
• Gain insights on key global trends in public health delivery and their influence on development in

LMICs.
• Evaluate challenges and opportunities of virtual communities.
• Begin to identify platforms that can be used as entry points for cross-sectoral interventions.
• Distinguish between the different stages of evolution of a society and what this means for com-

munities and individuals.

Introduction

Communities have historically played a significant role in influencing the health outcomes of their
populations. Community health workers have existed for half a century to bridge under-served
communities and formal health systems. This cadre of lay health workers has enjoyed a prominent
place in global health policy discourse, beginning with the Alma-Ata declaration in 1978, which
formally recognized the important role of community actors in scaling up primary care. Communities
have played an equally important role in generating demand for health by addressing various cultural,
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social, informational, and cost barriers to health-promoting lifestyles and care seeking, sometimes at
the peril of their own safety.

Community engagement in health may take many forms and embody spectrums from passive to
active and informal to formal. While individuals may receive interventions in community settings or
participate in externally determined development projects, this chapter focuses primarily on com-
munity empowerment, a process by which communities actively work to identify and solve their own
health and development problems [1, 2]. The level of formalization with respect to community
engagement may also vary. For example, in South Africa, community participation around
HIV/AIDS ranges from less formal—for example, members of social networks volunteering to be TB
or ART “treatment buddies”—to more formal—for example, community health workers delivering
ART and providing adherence support [3]. While this chapter acknowledges that some external
mobilization may be needed to facilitate community participation and empowerment, it does not
examine the role of external actors such as governments, NGOs or UN agencies [1]. Many proponents
of the empowerment approach to participation would like to ignore the uncomfortable fact that
participation may require outside prompting; they would rather see spontaneous, self-generating
conscientious and participatory action on the part of poor community members. Increasingly, how-
ever, they are willing to acknowledge that marginalized or disenfranchised communities are pow-
erless to effect participation precisely because they have no power and that outsiders might succeed in
fostering community mobilization as they may act with greater sensitivity and humility.

The role of communities in health continues to evolve as demographic, health, policy and tech-
nology trends shift. In the future, geographical communities may play a more limited role in some
areas of health—such as delivering specific health information—and a greater role in others—such as
educating on how to best navigate the increasingly pluralistic arenas of health, social protection and
other social services. The importance of virtual communities, which to date have had a limited
application for health, is likely to grow.

This chapter begins by discussing the role—both positive and negative—of geographically
bounded communities in health. It then examines changing global dynamics with respect to popu-
lation demographics, health trends, urbanization, global health policy and technology and analyses
the implications of these shifting dynamics on the role of communities in health. In this section, the
concept of virtual communities is discussed within the health context. Finally, it proposes an inte-
grated supply and demand-oriented framework for the future role of communities in advancing health
and nutrition outcomes.

Historical Perspectives: Communities and Health

Role of Communities in Health

Discourse around communities and health most commonly refers to geographical communities. In
this section, we discuss geographical communities, defined as “a group of people with diverse
characteristics who are linked by social ties, share common perspectives, and engage in joint action in
geographical locations or settings” [4]. In contrast, virtual communities as defined by Demiris are a
social unit/group of people who interact with each other using communication technologies to
overcome geographical boundaries: “People with mutual interests coming together virtually to ensure
mutual support and self-help, share experience and ask questions” [5]. It follows that a virtual
community for health care would come together for the purposes of health-related activities and
education [6]. We discuss virtual communities further in next section Shifting Dynamics.

Communities have a role to play in overcoming both supply and demand barriers to good health
and utilization of health services. On the supply side, communities may play a role advocating for
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services when lacking, in increasing coverage of health services through community health workers
and improving quality and acceptability of health services through engagement with the health
system. On the demand side, communities may play a role in addressing various cultural, social,
informational, and cost barriers to health-promoting lifestyles and care seeking. Figures 28.1 and 28.2
present various capacities in which communities influence—both positively and negatively—the
health outcomes of their populations.

The following section outlines roles that communities have historically played in influencing
health outcomes and efforts undertaken in LMICs to harness the power of communities to promote
better health outcomes.

Promoting Social Norms and Rights

Attitudes and practices surrounding health and health seeking are strongly embedded in religious,
cultural and social norms and values. Female circumcision, early pregnancy, various birthing prac-
tices and dietary taboos during pregnancy provide examples of harmful traditional practices [7].
Socio-cultural customs and beliefs can also prove detrimental when they subvert an individual’s right
to health, including “timely, acceptable, and affordable health care of appropriate quality” [8].
Because of their low status, marginalized groups such as adolescent girls, women and people living
with HIV (PLHIV) may face greater economic and social barriers to accessing care. For women, lack
of decision-making authority, including decisions around resource allocation for health, may preclude
them from seeking care for themselves and their children. A woman’s agency tends to be lowest when
she lacks education and does not contribute to household income [9, 10]. Women may also face
cultural taboos that discourage health seeking, such as resistance to birth control, norms against
women leaving home for long periods, and the association of unattended births with strength and
good moral character [9, 11].

Global experiences with the HIV and Ebola virus disease (EVD) epidemics highlight that social
stigma represents a major obstacle to care seeking. Not only are these diseases themselves devastating

Community

Health System

1 Promoting social norms & rights

3 Generating demand for health services

4 Enabling care seeking

6
Defining & monitor-
ing quality of care 

Delivering health services

7 Providing social support

HH

Individual

2 Educating for self care

5

Fig. 28.1 Historical perspective—role of traditional (geographical) communities in health. See Fig. 28.2 for further
explanation of numbers
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for communities in general, but also for the associated social stigma, including the impact of stigma
on disease outcomes. People affected by HIV/AIDS and Ebola and other diseases that carry strong
stigma like the plague, cholera and leprosy have been subjected to isolation, violence and ostracism
from their communities [12]. For HIV, evidence has shown that stigma has resulted in barriers to
prevention, access to treatment and retention in care. It has also lead to an increase in mental health
problems. The HIV/AIDS response very early recognized that unless issues of stigma and discrim-
ination are holistically and systemically addressed, achieving the “ends of AIDS” will not be possible.
The response aims to address structural issues such as poverty, racism, gender inequality, punitive
policy and legal environments for addressing stigma among key populations such as men who have
sex with men, injecting drug users and sex workers. During the recent Ebola epidemic in West Africa,
communities impacted by EVD stigmatized people in any contact with EVD [13]. For example,
children orphaned by EVD and disease free were not cared for by communities and extended families
due to fear of disease transmission [12].

Some evidence indicates that community mobilization and empowerment of marginalized groups
may create a more positive enabling environment for health; however, accounts are generally
descriptive and a more robust evidence base is needed to confirm the effectiveness of these approaches
[14]. Strategies such as women’s groups and community representative outreach have focused on
increasing community awareness of women’s rights to reproductive and maternal health and on
empowering women to enhance their participation in health-related household decisions [9, 10, 15].
Women’s groups may be primarily health-focused, or they may aim to empower women more broadly,
which can serve to indirectly impact health outcomes. For example, the Mahila Samkaya programme
in India supports a variety of activities—including skills education, literacy training, leadership and
negotiating capacity building—and facilitates opportunities to earn modest incomes [10]. Through
participation in women’s groups, women attest to gaining a more equal status in the household and a
greater voice in household decisions, including decisions around health [9, 10].

Description and examples
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Fig. 28.2 Description of traditional (geographical) roles of communities in health
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Educating for Home Care and Care Seeking

Over half of child deaths and most maternal deaths are due to conditions that could be prevented or
treated with simple, affordable interventions [16]. The knowledge of health promotion and disease
prevention strategies as well as an understanding of when, where and how to seek skilled care is
critical to reducing the number of preventable deaths. Relatively simple home-based strategies can
address many of the major causes of neonatal and child mortality; however, lack of knowledge
represents a major bottleneck. These strategies include:

• Neonatal care: 44% of all under-five deaths occur in the neonatal period, or the first 28 days of
life [16]. Simple essential newborn care strategies—including skin to skin care, umbilical cord
care and early initiation of breastfeeding—can considerably reduce the burden of mortality among
this age group when understood and practiced correctly [17, 18].

• Diarrhoea prevention and treatment: Diarrhoea causes 15% of under-five deaths, making it the
second leading cause of death among this age group [19]. It is estimated that hand washing alone,
if practiced appropriately, could reduce the deaths of one million children each year [19]. Other
simple, home-based strategies for preventing diarrhoea include environmental sanitation, safe
food preparation practices, exclusive breastfeeding in the first six months of life, and good
nutrition [18, 19].

• Malnutrition prevention and treatment: Malnutrition is an underlying cause of 45% of deaths
among children under five. Furthermore, one out of every four children worldwide is stunted, a
condition that has livelong and intergenerational consequences, including reduced cognitive and
physical potential and increased risk of poor health. Good nutrition during the first 1000 days
from conception to a child’s second birthday is necessary to prevent stunting. Exclusive breast-
feeding in the first six months of life and consumption of nutrient-dense complementary foods in
addition to breastfeeding from age 6–23 months is critical [20]. High-dose vitamin A supple-
mentation among children 6–59 months reduces mortality by 25% [21]. However, in many areas,
access to nutritious and safe complementary foods represents a bottleneck for prevention of
stunting even when appropriate infant and young child feeding practices are well understood.

• Malaria prevention and treatment: 216 million cases of malaria and 655,000 malaria deaths
occurred in 2010, mostly among African children [19]. Controlled trials have affirmed that
sleeping under an insecticide-treated net can substantially reduce mortality among children under
five in endemic areas [19, 22]. Furthermore, rapid initiation of malaria treatment reduces mortality,
and possibly morbidity, by preventing neurologic complications and severe anaemia [22]. The
World Health Organization has advocated for home-based management of malaria (HMM) in
Africa, which involves treating children with pre-packaged antimalarial drugs distributed by
community members [23].

Furthermore, an understanding of when skilled care is needed, and where and how to seek it is
critical to preventing morbidity and mortality. This entails literacy on various health conditions,
awareness of associated danger signs, and knowledge of available health services. Poor, vulnerable
and remote groups are less likely to benefit from access to health-related information, challenging
their ability to make informed decisions around health.

Evidence indicates that communities can play an important role in conveying information about
health to improve home-based care practices and generate demand for facility-based health services.
Community “agents of change” have historically included community health workers (CHWs), tra-
ditional birth attendants (TBAs), women’s groups and volunteers. These community representatives
have taken on a range of tasks including delivering basic health education and demonstrating essential
family practices; identifying sick and malnourished children and encouraging parents to seek care;
encouraging attendance at routine prenatal and antenatal care and use of skilled care for delivery;
educating on danger signs, particularly for obstetric and neonatal emergencies; and providing
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information about available services [15, 24]. These outreach services have been demonstrated to
positively impact a range of health outcomes, including the prevalence and severity of diseases and
adverse health conditions (diarrhoea, malaria, malnutrition); uptake of routine antenatal and postnatal
care, use of skilled delivery services, and referrals in obstetric and neonatal emergencies; and
under-five and neonatal mortality [9, 14, 15, 18, 24, 25].

CHWs may serve as spokespeople for and intermediaries between excluded, marginalized pop-
ulations and outside entities [26, 27]. As community leaders with links to various social and health
systems, CHWs are well placed to promote structural changes that reduce health iniquities [26, 28].
As policy advocates, CHW can help address the social determinants of health—such as living and
working conditions, income inequality and job security, and social exclusion—based on an intimate
knowledge of the communities they serve [29].

CHWs have also played a role in building social capital as a means to improve community health.
This approach seeks to enhance social connection to increase a community’s capacity to achieve
mutual goals and respond to emergencies. In several examples, CHWs have mobilized community
members to identify pressing health issues and to design community-driven solutions [28, 29]. By
promoting civic engagement, CHWs may also empower communities to work with outside entities to
lobby for funds, programmes and policies [28].

Overcoming Access Barriers

The cost of seeking care—including direct medical costs, direct nonmedical costs (e.g. transportation)
and indirect costs (e.g. the opportunity costs of forgoing paid employment)—may negatively impact
demand for health services, particularly for poor and vulnerable populations [9, 30, 31]. Studies in
geographies as diverse as Burkina Faso, northeast Brazil and the UK, indicate that transportation
represented 25% or more of the total patient costs (including facility costs not incurred by the user)
[9, 30]. The opportunity cost of seeking care can be significant, particularly in periods of heavy
economic activity, such as the harvest [9]. Furthermore, other household obligations, such as the need
to care for children or other household members, may represent barriers to seeking care [32].

Community-driven approaches to social protection have been shown to alleviate consumer cost
barriers and increase utilization of health services. A range of local health financing schemes have
been observed, including microinsurance, rural health insurance, mutual health insurance, revolving
drug funds and community involvement in user-fee management [17]. Community-based strategies
for improving transportation for health-related emergencies have included mobilization of vehicles;
agreements with local transport unions, private drivers and bus companies; funds for emergency
transportation; and communication systems for referrals [9, 17]. Community-based funding and
transport mechanisms have been shown to increase utilization of health services and decrease adverse
birth outcomes [25].

In remote areas where skilled birth attendants are unavailable or geographically inaccessible,
maternity waiting homes (MWHs) can serve as a link between communities and the health system.
MWHs are located near health centres and provide facilities where women can stay in the final weeks
of pregnancy. While some studies have indicated that MWHs have led to improvements in birth
outcomes, others have reported low utilization and poor reception due to factors such as remote
locations, poor facilities and no provision of food [9, 25, 33].

Delivering Health Services

Lack of health system capacity, shortage of trained health workers and inequalities in healthcare
access and utilization represent enduring concerns for the global health community. Community
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health workers (CHWs)—a cadre of individuals with basic health training living and working in their
communities—have existed for over half a century to reach remote and under-served populations with
essential health care (see Box 28.1). By task shifting basic tasks to lesser-trained workers, CHW
programmes also free up capacity of overburdened health systems [25, 34].

CHWs play a range of roles, from generalist to specialist, and deliver a diverse set of promotive,
preventative and curative interventions. Substantial evidence supports the effectiveness of CHWs in
the following areas. Note that these interventions are in addition to health education interventions
discussed in section Educating for Home Care and Care Seeking, which CHWs may also deliver.

• Reproductive and maternal health: CHWs have been effective in increasing the uptake of family
planning and delivering contraceptive injections in developing regions [35, 36]. In addition,
CHWs have been relied upon to deliver health education for maternal and child health, including
breastfeeding promotion and infant and young child feeding counselling [18].

• Child health and nutrition: A strong evidence base documents the effectiveness of CHWs in
diagnosing and treating serious childhood illnesses. Pneumonia, diarrhoea and malaria are of
particular interest, as they cause 41% of deaths among children under five [19]. CHWs also play
an important role in delivering routine services such as vaccinations. Child health days, used to
deliver multiple maternal and child health interventions during a few days per year, represent an
effective setting for routine services such as vaccinations, high-dose vitamin A capsule distribu-
tion, growth monitoring and nutrition education, and have demonstrated improvement in
under-five mortality [19].

• Malaria control: As per latest WHO estimates (December 2015), there were 214 million cases of
malaria in 2015 and over 400,000 deaths. Malaria incidence and mortality rates among at risk
populations have considerably reduced in recent years—37% reduction in incidence and 60%
decrease in mortality. CHW roles have included educating community members on malaria
prevention and diagnosis, distributing insecticide-treated bed nets, and providing home-based
management and preventative treatment of malaria [19].

• Tuberculosis care: Behind HIV, tuberculosis is the second leading cause of death worldwide
from a single infectious agent. Patients living with HIV face increased risk of developing
tuberculosis, which causes 25% of deaths among PLHIV [37]. CHWs have provided integral
support to TB programmes, particularly in community-based directly observed therapy,
short-course (DOTS). CHW roles have included detecting symptomatic patients, facilitating
testing and ensuring treatment compliance, among other activities [19].

• HIV prevention and care: The fastest growing use of CHWs lies in the field of HIV [16].
Treatment is “the cornerstone of an effective response”, and under new WHO guidelines,1 more
people are on treatment than ever before [38, 39]. As of 2013, however, only 36% of those eligible
for ART treatment were receiving it [40]. Health systems are overburdened and under-equipped to
handle the growing caseload, and long distances, costly travel and long wait times at stretched
health facilities represent barriers to treatment retention [34]. In 2006, WHO proposed “task
shifting” and the training of CHW to decrease the burden on the formal health system and improve
coverage among hard-to reach populations [3, 34, 41]. Programmes have engaged CHW to deliver
ART at home, provide adherence support, detect side effects and opportunistic infections, and
refer sick patients to clinics [34].

• Treatment of acute malnutrition: In 2014, 50 million children under five were wasted, with a
third severely wasted. While initially treated through in-patient settings, with the advent of ready
to use therapeutic foods (RUTFs), the treatment of severe wasting (without complications) can be
done in outpatient settings. Community-based management of acute malnutrition (CMAM) started

1The 2015 WHO guidelines recommend that ART should be initiated in everyone living with HIV at any CD4 cell
count.
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in 2000, which as the name suggests consists of an integral community component for outpatient
treatment of MAM and SAM as well as inpatient management of SAM with complications. The
community aspect in CMAM specifically entails case finding, referrals, service delivery and
management [42]. Community sensitization through outreach, education and counselling is
equally essential components of CMAM [42].

• Non-communicable Diseases: To date, the role of CHW for managing NCDs has not been
explored in the LMIC context; however, this may change as NCDs have become the leading cause
of death in many LMICs, and 85% of NCDs deaths occur in the poorest countries in the world
[43]. Evidence from the USA indicates that CHWs can make positive contributions to the man-
agement of hypertension, the reduction in cardiovascular risk factors, diabetes control and cancer
screening [19].

Defining and Monitoring Quality of Care

Clinic-based services, even when available, accessible and affordable, may fail to adapt to community
preferences and expectations, leading to low utilization. Section Promoting Social Norms and Rights
has described demand barriers related to socio-cultural factors. This section examines the issue from
the supply side, specifically how services respond to “consumer” perception of quality.

A range of supply-side factors influence uptake of health services, from staff mix to adequacy of
equipment and medicine. In many countries, women may be reluctant to seek clinic-based treatment
due to discomfort with male caregivers [11]. Research has highlighted that a respectful provider
attitude represents an important factor influencing women’s decisions on where to give birth [44].
Women who fear shame and judgement from providers, particularly when the pregnancy is con-
sidered illegitimate, are less likely to seek skilled care [11].

Community involvement in the design, planning, implementation and evaluation also increases the
likelihood that health services are culturally appropriate and acceptable and account for the “con-
sumer” perception of quality [17]. Community involvement can also improve service uptake by
ensuring that health services respond to the specific needs of the population and are culturally
appropriate. Communities represent a valuable partner to health systems in gathering and analysing
information on health to inform the development and implementation of health strategies. This may
entail conducting community epidemiological surveillance, community-based death reviews and
verbal autopsies [17]. Different methods have been developed to support ongoing community
engagement, also referred to as “community-driven quality”. These may include seeking community
input through group meetings or household surveys, and establishing community advisory or man-
agement boards.

Providing Social Support

Chronic diseases such as HIV and tuberculosis, as well as many types of cancers, require prolonged,
physically demanding treatments and demand lifestyle changes that may prevent a patient from
working. Feelings of isolation, depression, loneliness and concern for future are common and may be
compounded by negative stigma surrounding HIV/TB infections as described under “promoting
social norms and rights”.

Social support from family, friends and the broader community has been shown to influence
health-seeking behaviours, treatment compliance and health outcomes [45]. Social support, defined as
the set of relationships and interactions that “lead the subject to believe that he is cared for, loved,
esteemed and a member of a network of mutual obligations”, can take a variety of forms, including
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encouragement, financial support and other forms of psychosocial support [46]. For example,
members of social networks can support adherence to treatment regimens by reminding or accom-
panying the patient to the clinic. Contributions of families, friends and communities can also offset the
indirect costs of the disease by providing childcare, transportation and food (discussed in detail in
section Overcoming Access Barriers) [45]. More structured groups such as HIV support groups or
“TB clubs” can help patients expand social networks, improve psychosocial well-being, promote a
greater understanding of the disease and decrease negative stigma [45].

Box 28.1 History of Community Health Workers (CHWs)
In context of persistent inequality in access to health care and the global shortage of skilled
health workers, community health workers (CHWs) have emerged to fill health system gaps
and improve coverage of basic health services. CHWs represent a diverse cadre of health
workers that perform a wide range of activities in communities outside clinic-based facilities.
They generally have some degree of formal health training but do not obtain a professional
certificate or educational degree [16, 19, 47].

The concept of the lay health worker operating outside the formal health system has existed
for a half-century or more. Chinese “barefoot doctors” in the 1950s and 1960s were peasants
and farmers who received limited health training and provided basic care at the brigade (pro-
duction unit) level [16, 19, 47]. During this period, other countries were struggling with the
inability of existing health systems to address the health needs of poor and remote populations.
A number of countries looked to the barefoot doctors as an alternate model, and CHW pro-
grammes emerged countries such as Indonesia, India, Tanzania, Venezuela, Honduras and
Guatemala [19]. In these early programmes, community workers played a range of technical
and social roles, which prompted tension over whether they should be considered an extension
of the health system or broader agents of social change [3].

The Alma-Ata Declaration in 1978, which called for primary health care to achieve Health
For All by 2000, reaffirmed the importance of CHWs; nevertheless, CHW programmes began
to lose momentum in the 1980s [19, 47, 48]. Common problems included inadequate training,
insufficient remuneration or incentives, and poor supervision and logistical support for supplies
and medicines. Poor integration with the health system and lack of acceptance by health
professionals hampered CHW programmes [3, 19]. Furthermore, the global economic recession
of the 1980s and health sector reforms undermined support and financing for community-level
initiatives [17, 19, 47–49].

More recently, however, CHW programmes have regained recognition as a critical link
between health systems and hard-to-reach populations, particularly in the light of insufficient
and uneven progress towards health-related Millennium Development Goals [19, 50]. CHWs
build and stabilize the healthcare system to deliver large-scale programmes. In an eight paper
series about Alma-Ata: rebirth and revision, the Lancet highlighted funding, training and
supervision for CHWs as a priority action to implement primary health care at scale [50]. As of
2011, the World Health Organization estimated that there were 1.3 million CHWs operating
around the world. Large-scale CHW programmes currently exist in many countries including
Brazil, Bangladesh, Nepal, Ethiopia, India, Pakistan and South Africa. Brazil’s Angentes
Comunitarios de Saude (previously Visitadoras) programme is the largest in the world. It
engages 240,000 CHWs to provide home visits and services to 110 million people and has
driven marked improvements in population health status [19]. The number CHWs per bene-
ficiary may widely vary among programmes. For example, there was 1 CHW for every 100
people in Thailand and 1 CHW for every 300 people in Bangladesh Integrated Nutrition
Programme [51]. In CHW models, it is also common to have one supervisor for every 10–30
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CHWs [51]. Optimal supervision and number of CHW should be important considerations in
programme design.

Extensive global experience with CHWs offers compelling evidence that CHWs can
effectively play a range of promotive, preventative and curative roles; however, several critical
enablers must be in place to support the success of programmes. Appropriate selection and
adequate training for CHWs, including follow-up training, are pre-requisites for success. It is
widely acknowledged that strong supervision and support is one of the most important, and
often the most overlooked, condition for a well-functioning CHW programme. Governance and
accountability, including the role of the communities, and relationships with formal health
systems and government structures, must be clearly established at the outset. While many
CHWs have relied on volunteers, there is no evidence that this represents a sustainable
long-term model, and most reviews of CHW programmes highlight targeted incentives and
remuneration as critical success factors [17, 19, 24, 47–49].

Shifting Dynamics

Sustainable Development Goals (SDGs)

The 17 SDGs, adopted by 193 member states in September 2015, pave the way for a new way of
addressing global issues. Unlike the MDGs, the SDGs are global, applicable to all countries, owned
by member states and are to be implemented through partnerships by leveraging the expertise of all
stakeholders. The strong human rights and social inclusion and justice-based agenda emphasize
sustainability and linkages between the goals.

In 2000, the MDGs provided the world leaders with 8 goals to meet the needs of the world’s
poorest.2 They were revolutionary in providing a clear message and galvanizing efforts around
measurable targets by the set date of 2015. While MDGs were “improvement” goals, with perhaps the
incentive to “do the easiest first”, the SDGs are “zero goals”, requiring a strong emphasis on reaching
the most vulnerable and hardest to reach. The SDGs address the complexity of the global agenda in a
way the MDGs did not. For example, hunger and poverty together formed the first MDGs goal, not
distinguishing between the two, particularly with regard to nutrition. The siloed goals of HIV, child
mortality and maternal health likely incentivized siloed funding and therefore siloed approaches to
these issues. Building on the MDGs, the SDGs, with its 17 goals and 169 targets provide a com-
prehensive forward-looking framework. Recognizing the trends of climate change, urbanization,
increasing conflicts/migration, the SDGs fill several gaps not previously addressed.

Achieving the results of the SDGs by 2030 will require significant shifts and changes from the
current way of addressing global challenges. Working across sectors and stakeholders and under-
standing the inter-connectedness of the goals will be necessary in order to see impact at the individual
level, particularly for the most vulnerable. Therefore, it follows that national structures and funding
flows will also have to change. In addition, national spending (both public and private) will have to

2Including goals concerning hunger (Goal 1, Target 1.C); under-five mortality (Goal 4, Target 4.A); maternal mortality
(Goal 5, Target 5.A); access to reproductive health (Goal 5, Target 5.B); spread of HIV/AIDS (Goal 6, Target 6.A);
access to treatment for HIV/AIDS (Goal 6, Target 6.A); incidence of malaria and other major diseases (Goal 6, Target
6.C); access to safe drinking water and basic sanitation (Goal 7, Target 7.C); and access to affordable essential drugs
(Goal 8, Target 8.E).

634 O. Lange et al.



dramatically increase and reliance on external donor assistance will not only be insufficient but also
unreasonable.

Changing Dynamics of Physical Communities (Population
Demographics and Urbanization)

Population growth, associated shifts in demographic trends, and growing urbanization will have
increasing demands on existing resources and systems. The global population is projected to grow
and reach 9 billion by 2050 (from 7 billion in 2011). However, it is expected that the pace of this
growth will be slower than it has been in the past. Population growth velocity reached its peak
between 1965 and 1970 and has been slowing down ever since. By 2050, it is projected to stagnate in
high-income countries and slow down to 0.5% annually and only grow by 1.42% in LMICs [52].

As a country develops, its mortality rate tends to decline as a result of improvements in health,
nutrition and social development. Concurrently, fertility rates also decline with improvements in
education, delayed age at marriage, empowerment of women and access to contraception. Since this
development occurs with great heterogeneity, a couple noteworthy trends with significant impact on
health are important to review.

In general, people are living longer and the world population is ageing rapidly. Life expectancy
will likely increase to 75.6 years in 2045–2050 from 68 at present [52]. In parallel, the global burden
of disease is shifting. NCDs are now causing 60% of deaths and almost 50% actual and effective life
years lost due to disability [53]. As compared to 2004, by 2030, diseases such as diarrhoea, neonatal
infections and birth trauma as the top ten leading causes of the burden of disease worldwide will be
replaced by diabetes and chronic obstructive pulmonary disease (COPD), and ischaemic heart disease
will continue to be one of the top leading causes [53]. This growth and changes mean that not only
will the burden on health systems increase overall, but it would also necessitate a different system and
skill set to prevent and manage non-communicable diseases.

Population growth is expected to be highly concentrated in a few countries and double in the least
developed countries, since birth rates still tend to be quite high in LMICs. An increasing number of
young people in these countries would require more resources from the national system for health and
education, as well opportunities for economic growth. Both these trends are taking place within the
context of persistent global inequalities (income and social) and continued environmental degradation.

Another major global shift is urbanization. Already more than half of the world’s population lives in
urban areas, and this proportion will continue to increase. The rate of urbanization is faster in Asia and
Africa as compared to other regions, while simultaneously they still account for more than 90% of the
world’s rural population. Urbanization itself is characterized by diversity: half of the urban population
resides in settlements of less than 500,000 people and a substantial population in “mega-cities” with
10 million or more inhabitants [54]. Urban settings can have both a positive and a negative impact on
health. Urban populations have better access to health, education, employment and social services.
But, urbanization is also associated with unplanned expansion, people living in slums (one-third of
urban residents in LMICs or 860 million people) with suboptimal water and sanitation, overcrowding,
increased pollution and other harmful impacts on the environment due to unsustainable production and
consumption by a large population. In general, urban areas tend to fare better than rural areas for
mortality and morbidity indicators; however, the poorest urban children have the highest risk of
mortality [54]. The disparities among urban rich and poor households are stark. For example, in
Cambodia and Rwanda, under-five mortality among the poorest fifth of the households was found to be
5 times higher than the richest fifth of the population [54]. In Nigeria, research has shown that urban
child mortality increased with urban population growth associated with increasing number of people
living in slum-like conditions [54]. Addressing this increasing urbanization trend requires
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well-resourced systems and services that are equitably distributed, while simultaneously minimizing
environmental impact. For further discussion on urban development and implications for food security
and nutrition, see Chaps. 31 and 32 by Bloem and S de Pee and by Ruel et al.

Virtual Communities

Similar to traditional communities, virtual communities impact the demand and supply side of good
health and utilization of health services. On the demand side, off the roles that traditional or geo-
graphical communities have played (as described in Historical Perspectives: Communities and
Health section above), virtual communities are particularly instrumental for educating for self-care,
generating demand for health services and providing psycho/social support. On the supply side,
virtual professional communities serving as a cost-effective method for disease management are
receiving greater attention. The mix of community members in the virtual community, i.e. general
public, patients and/or healthcare providers, depends on the purpose of the engagement. For example,
a peer-to-peer disease-specific support group may be limited to patients, whereas a disease man-
agement virtual community will also include healthcare providers and care givers.

In an era where technology is enabling communication that is not bound by geography or physical
space, there has been a shift in the healthcare field, from “institution-centric” to “patient or consumer
centric” systems [6]. At an individual level, virtual communities serve three purposes: (1) a resource
for information, (2) access to other community members for support and empowerment, and (3) direct
access to certain types of health services. Over the past decades, there has been an increase in online
health-related portals and platforms, where people can gather specific information regarding particular
conditions, or exchange ideas on a discussion board or through social networking [55]. Patient
empowerment through access to health information and the resultant increase in choices is helping
individuals in their own disease management.

The evidence for impact of virtual communities on health and social outcomes is sparse and
mixed. While it has been found that virtual communities can be effective in providing some of the
services from physical groups [6, 56], a recent study suggests that consumer-driven peer-to-peer
communities do not show impact on health and social outcomes [57]. However, given that the
literature on this topic is very limited, does not include unmoderated virtual groups, and does not
distinguish the conditions or people for whom the support is effective, it is difficult and too soon to
draw conclusions about the circumstances or conditions under which there may be positive, negative
or no impact.

From a systems perspective, the use of virtual communities and the internet are alleviating several
challenges faced by healthcare systems (related to capacity and quality) such as barriers to accessing
basic health information, connecting with specialists through telemedicine [58], and general disease
management. One of the most common non-financial barriers to health access is geographical dis-
tance to services, resulting in poor health outcomes in rural or under-served urban populations, which
can to an extent be addressed by the use of technology. This could be through support or information
available through virtual communities or information available on the internet. Another barrier to
accessing or continuing care is stigma associated with certain diseases. Here virtual communities can
provide a substitute for physical interaction.

However, given the fact that these fora are almost entirely unregulated, some negative aspects need
to be highlighted. First, there is no system of controlling the quality of the information available
virtually, unless regulated by a healthcare provider or moderated on certain platforms. The burden of
sifting through the information and deciphering its credibility rests with the users. Virtual commu-
nities also provide the space and environment for negative health communities, i.e. not in line with
good health advice [59]. For example, pro-anorexia networks encourage users to skip meals or fast.
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Yet, evidence also shows that in social network portals, users understand that the information may not
come from experts and often false information does get corrected through network members, as was
the experience in a breast cancer discussion list [59]. Some of the other negative aspects of virtual
communities relate to lack of protection against privacy, confidentiality (this is also a positive when
people can seek the support they need anonymously) or deception if exposed to someone who falsely
joins a community.

Focus Shifting from Communities to Individuals

The shifting focus from communities to individuals is being driven from both the supply and demand
sides and also through a natural process as societies evolve from being pre-modern, to modern and
post-modern. Therefore, envisioning the role of communities within the context of the macro-trends
of changing population dynamics and urbanization must take into account the ability of the com-
munity to address the needs of individuals.

Pre-modern societies, typically before industrialization, i.e. predominantly agrarian, consist of
communities where people in the same physical space engage in similar activities and have similar
beliefs/values, often deeply rooted in religion (whether agrarian, hunter-gatherer, pastoral, etc.).
Group identity rather than individual identity is the norm. Modernism, rooted in reason and science,
lessens the hold of religion and spiritual beliefs in societies. As technology advances, faster and more
efficient methods of production usher in industrialization. Societies tend to move from being largely
agrarian to urban. This is also a time when societies start to become more economically diverse and
governments guarantee individual rights and establish penal codes. In contrast, post-modernism
embraces pluralistic and complex approaches, including science and reason, but it is also not limited
to it. Urbanization in turn spurs modernism and post-modernism when populations from different
communities interact with each other to exchange and develop individual ideas and beliefs. Even
though there is reference/agreement to time and place with regard to the three periods (generally
pre-modern, up to the seventeenth century, modern until mid-twentieth century and post-modern from
the 1950s and Western societies more modern/post-modern), ethos of the three simultaneously exist
at present, including within one country and one physical community, and through increased
migration, groups of people at different stages of development live and work alongside each other,
often without realizing these differences.

In the context of development, we are now increasingly seeing social transfers being made directly
to individuals (either external donor assistance or national social protection), particularly in the form
of cash. While this may be a newer phenomenon for LMICs, it has existed as a welfare tool in
Western Europe for over a century with most of the increase in public welfare from the mid-twentieth
century. In fact, public spending increases as percentage of GDP with increasing per capita income
[60]. In high-income countries, sophisticated institutional arrangements including insurance, taxation,
good national capacity, accountability and governance protect individual citizens and provide certain
rights as contained in the Universal Declaration of Human Rights [61]. These pre-requisites for robust
social protection systems are of course limited in LMICs, due to lack of taxation capacity, low
employment and inadequate institutional resources and capacities [60].

Social assistance (not tax based, either as cash or in kind), social insurance (e.g. health, crops),
microfinance and employment support are all types of social protection modalities available. The
recent (last two decades) interest and rise of social protection worldwide was in part a result of the
Asian financial crisis of the late 1990s. Countries that were considered to be financial successes (e.g.
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Thailand, Malaysia and Indonesia) weren’t resilient enough to the economic crash and millions of
households ended in poverty. Lack of social protection policies leads households to be fiscally
conservative, leading to an overall slow recovery. The late 1990s accelerated interest in social and
political reform for countries themselves to ensure that their most vulnerable were protected in times
of shock, particularly in middle-income countries [60, 61].

In 2006, the Grameen Bank and its founder Muhammad Yunus were awarded the Nobel Peace
Prize. But the Bank originated in 1976 in Bangladesh, with the objective of promoting financial
independence of the poor. Grameen Bank provides small loans to under-served populations, with an
emphasis on women (over 95% of loans are given to women). Now in over 43 countries, these loans
are made in communities, but the responsibility of repayment of loans rests on the individual. There
still exists a strong component of group solidarity because the credit to the group is discontinued if
there is an individual defaulter [62, 63]. The system encourages savings and the founder has often
spoken about the ability of microfinancing to enable the poor to lift themselves out of poverty and the
associated long-term emotional benefits for the individual compared to receiving social assistance.
Not just for poverty alleviation, this principle has also been used among people living with HIV in
urban Ethiopia to ensure that PLHIV on lifelong ART can support themselves. An evaluation of
WFP’s PEPFAR-funded HIV operation in Ethiopia, which supports PLHIV through economic
strengthening activities to prevent relapses into food insecurity and ensure sustainable long-term
benefits, has provided useful operational evidence for developing and integrating social protection
interventions for PLHIV.

In addition to traditional transfers (ODA or domestic), increasing number of small and large
foundations, organizations and start-ups (including novel mobile apps) are raising money for specific
causes and directly linking the individual donors to the beneficiaries in LMICs. Development of such
ideas can be aided by crowd funding. Donations through these various platforms are impact driven
and motivate individual donors by providing details about the beneficiaries and tracking the how the
funds are spent. There are several examples; one philanthropic app designed by University of
California, San Diego, researchers transmits tuition directly to schools in Benin connecting individual
donors and recipients [64].

We will continue to see increasing social transfers and individual entitlements as countries eco-
nomically develop and through direct philanthropy (increase in the supply side). But, unlike the
slower shift in Western Europe towards a more individual focused society, we are seeing an accel-
erated pace now as countries economically develop, and individuals are simultaneously exposed to
unprecedented dissemination and access to information coupled with increasing consumerism and
targeted marketing (influence on the demand side).

The internet is probably the most defining technology of recent times, not only giving rise to the
phenomenon of virtual communities, but also generating demand at an individual level [65]. The
global trends and technology are impacting roles of traditional geographical/physical communities.
Figure 28.3 summarizes the evolving dynamics for each of the community functions described in
Historical Perspectives: Communities and Health section above. For example, improved access to
information due to technology is increasing awareness and providing opportunities to individuals to
educate themselves better for self-care and increase demand for more and better health services.
Similarly, virtual communities (and urbanization to an extent) are creating new forums for social
support not bound by physical communities and encouraging alternative social norms and rights, not
necessarily driven by community expectations, but by influence of greater individual choice.
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Looking Forward: Communities Supporting Integrated
Health and Nutrition

Models of Cross-Sectoral Approaches

The international community increasingly recognizes the importance of multi-sectoral approaches
that focus not only on strengthening health systems, but also on addressing the social determinants of
health, and at all levels of governance, from subnational to regional and global. The 17 goals and 169
targets of the SDGs elucidate the complexity and interconnectedness of the goals. Each of the other
16 goals directly or indirectly impact Goal 3, “ensuring healthy lives and promote well-being at all
ages”. However, all the goals of this ambitious agenda still have to be achieved from limited
resources. Therefore, looking forward, a community model that makes optimal linkages with the
health and other social services will be best suited to cost-effectively and holistically support the
achievement of the SDGs. Figure 28.1 shows the interaction between the individual/household with
the health system and the different roles of the community. A more comprehensive model incorpo-
rating other services is shown in Fig. 28.4. A model that taps sector-specific proven solutions, yet
makes linkages between the various services, will best serve populations. As described in section II,
social services and social protection in LMICs are dramatically increasing. Most times, the goal of
such transfers is poverty alleviation, but this does present the opportunity to make inter-sectoral
linkages.

There are numerous examples of community-based outreach programmes that address many of the
underlying determinants of health (Fig. 28.5). Services provided range from health specific, in the
case of the community health workers, to health enabling, for example community mediators and
agriculture extension workers. As discussed in Historical Perspectives: Communities and Health
section, there are an estimated 1.3 million community health workers operating around the world.

Community function Necessary conditions Evolving dynamics

Fig. 28.3 Evolving dynamics impact roles of traditional communities in health
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Community development workers exist in many countries to promote social and economic devel-
opment. These workers take on a diverse range of tasks and facilitative roles, including involving
communities in public policy decisions, to ensuring that individuals are aware of their entitlements
and assisting people in accessing these entitlements.

HH

Individual

Physical Community

Health System

1 Promoting social norms & rights

2 Educating for self care

3 Generating demand for health services

4 Enabling care seeking

6
Defining & monitor-
ing quality of care 

5 Delivering health and other 
services

7 Providing social support

Other social 
services1

1. Including social protection, WASH, nutrition, agriculture, family planning  

Virtual Community

Fig. 28.4 Looking forward—a model for community-based approaches to health

Fig. 28.5 Community workers can play various functions depending on local contexts
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Agricultural extension programmes aim to deliver key information inputs to farmers and, ulti-
mately, promote food security and drive economic growth. As of 2005, there were an estimated
500,000 extension personnel working worldwide, 95% of whom were working in public agricultural
extension systems [66]. Fanzo et al. examined the integration of nutrition within extension and
advisory services and workers in Africa, South Asia and the Americas [67]. In addition to providers
of crop, livestock and food production/security, extension workers can also be used/considered as
conduits for improved nutrition and health as they closely interact with farmers and rural commu-
nities. One opportunity is for more women (who are already engaged with farming) to be also be
trained as extension workers—at present, majority of extension workers are men. Communication of
good health and nutrition messaging through demonstrations, peer-to-peer engagement, trainings, and
knowledge/technology transfer (e.g. bio-fortification) are different models that have attempted to
integrate nutrition in the work of extension workers [67]. However, very few of these multi-sectoral
approaches have been implemented at scale and the evidence on effectiveness is still being docu-
mented. The opportunity is tremendous with the global interest in “nutrition-sensitive” agriculture,
but, as with all cross-sectoral work, capacity limitations and lack of incentives/motivation to add more
to existing tasks impede full utilization of this potential platform [67].

Challenges and Opportunities

The road to greater policy integration will be fraught with challenges, as typical policy-making is
rooted in siloed governance structures, financial flows, policy processes and power dynamics. Local
governments, as well as community actors operating outside government structures, have several
inherent advantages that may facilitate cross-sectoral collaboration across various stages of policy
process, from problem definition and agenda setting, to policy formulation, decision-making,
implementation and monitoring. Specifically, the smaller number of actors, closer proximity to
programme implementation and greater functional overlap may serve to mitigate the sectoral frag-
mentation that pervades at the national and global levels.

The diverse cadres of health-specific and health-enabling workers have the potential to play a
significant role; however, linkages between them need to be strengthened depending on the context.
Some of the key considerations include existing enabling environment and available resources,
capacity of the personnel and potential to address human resources gaps (Fig. 28.5). First, obviously,
services and resources need to exist within a community (health and beyond health) and we are seeing
that countries are increasing their own domestic resources to address the needs of their populations.
Often some combination of health services exists through the following: formal public and private
health systems, NGOs, traditional practitioners, CHWs, etc. Other services such as support for
agriculture, WASH and nutrition may also be provided, in addition to entitlements through social
protection schemes. The provision of services is often not sufficient; there can be inherent barriers to
access and linkages which must be overcome, namely geographical location, lack of knowledge about
available services, follow-up and affordability [68]. This is stark in South Africa, where despite the
existence of several provisions for social development and health, uptake remains low. Kheth’Impilo,
a community centric NGO, has been working at this community and health nexus as an effective
mediator (see Box 28.2) through its patient advocate model.

For already burdened health and other social systems, communities, if effectively leveraged, can be
instrumental in alleviating gaps from both the supply and demand sides. In addition to being ade-
quately resourced in terms of services and human resource capacity, certain structural changes are
imperative to empower communities to deliver good health outcomes. First, the inter-sectoral linkages
that we propose (Fig. 28.5) have to be made from the planning to the implementation phase. In
addition, decentralization and empowerment of local government structures is believed to not only
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increase the provision of services at the community level, but also increase efficiency and impact
growth [69, 70]. It has been shown to increase civic awareness and engagement in local
policy-making and holding government more accountable [68, 69]. Lastly, role of communities,
including community health workers, needs to be formalized within larger system (health and social
development).

Box 28.2 Kheth’Impilo, an NGO Linking Communities and Health Systems
Kheth’Impilo specializes in innovative solutions for health and community systems and ser-
vices, particularly for marginalized communities. Their solutions include treatment, care and
support for people infected and affected with HIV and TB, early childhood development, school
health and trainings. One of their innovative community models is the patient advocate model
designed to address the needs of poor and often illiterate people diagnosed with HIV/TB to
ensure adherence to treatment.

The model consists of a network of patient facilitators and area coordinators who manage
patient home visits and the associated work load. It is specifically designed to address all
“systems” related to the target problem: immediate barriers in the household, community, any
resource constraints and also structural issues such as ensuring sustainability through
addressing unemployment, capacity/skills gaps and provision of health services [68]. In terms
of health services, strict protocols are followed, including at-home HIV testing and TB
screening and assessment which reduce travel to clinics, increase demand for health services
and referrals, and improve clinic efficiency when patients do use clinics [68].

The patient advocate model has shown to be unique in making systemic contributions rather
than providing disease-specific support. KI’s community models extend existing local and
national structures rather than creating parallel or new initiatives. By bolstering existing
capacity, current investments are used more efficiently. The home-based testing and addressing
of psycho-social barriers to treatment by following the patient extend support to the household
and ultimately to the affected community. Kheth’Impilo reaches over 400,000 patients with
over 3000 patient advocates. Over the last five years, it has supported over 2 million HIV tests.
As a result of KI’s engagement, it was found that patient mortality was reduced by 35% and
loss to follow-up by 37% among patients on antiretroviral treatment who received support from
patient advocates [68].

Conclusion

Despite considerable global progress against health-related Millennium Development Goals, gains
made in different regions of the world have been uneven. 6.3 million deaths among children under
age five, 289 thousand maternal deaths still occur each year, and 99% of these deaths occur in low-
and middle-income countries (LMICs). Inadequate health systems and crippling human resource
shortages pose serious bottlenecks to the achievement of health goals. Health system gaps dispro-
portionately impact poor, marginalized populations, in both rural and urban contexts.

Compounding major health system gaps, demand-side barriers have been shown to prevent or
discourage individuals from seeking care even when adequate health services exist. Religious, cul-
tural and social norms may preclude health-promoting behaviours. Poor and vulnerable populations
are less likely to enjoy access to health-related information, challenging their ability to make informed
decisions about when, where and how to seek care. Costs, including treatment, transportation and
opportunity cost, also represent significant obstacles to seeking care.
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Both supply and demand-side gaps are impeding progress in achieving good health in societies.
For decades, lay health workers and communities have stepped into fill these gaps. The global
Sustainable Development Goals (SDGs) adopted in 2015 has shifted the focus from disease-specific
interventions and poverty in LMICs to addressing issues of sustainability, human rights, social
inclusion and justice and ensuring “no one is left behind”.

Governments worldwide have rightly adopted sector-specific approaches to addressing problems
with proven solutions. While interventions were aimed at communities in the past, governments are
now increasing public welfare and domestic transfers to individuals. How these transfers, local
programmes and public welfare platforms can be best leveraged to achieve good health and overall
development pose interesting questions and debates on existing and future models of governance.
Physical and virtual communities will need to be leveraged in the most optimal way.

Discussion Points

• Compare the framework of community influence (Figs. 28.1 and 28.3) in an urban setting versus
rural setting.

• Explain why partnerships (SDG 17) will be key to achieving SDG 3, good health and well-being?
• As a governments increase social protection in their countries, what types of tweaks or conditions

to the transfer may enable better health outcomes?
• How could the role of communities (including community health workers) be formalized within

the larger health system?
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Chapter 29
Nutrition in Humanitarian Crises

Lynnda Kiess, Natalie Aldern, Saskia de Pee and Martin W. Bloem

Keywords Humanitarian crisis � Nutrition response � Acute malnutrition � Micronutrient
deficiencies � Stunting � Vulnerability and risk � Climate change � Disasters
Learning Objectives

• Identify the key types and drivers of humanitarian crises.
• Describe the range of consequences of humanitarian crises.
• Analyze the impact of humanitarian crises on nutritional status.
• Be able to propose an appropriate nutrition response based on characteristics of a crisis.

Introduction

Never before has the world been faced with the vast number, scale and complexity of humanitarian
crises than today. In 2016, the United Nations Office for the Coordination of Humanitarian Affairs
(UN-OCHA) reported that the global humanitarian appeal requires US$20 billion to provide life-
saving humanitarian assistance to over 87 million people across 37 countries, most of which are in
conflict [1]. These anticipated needs represent a massive increase from 10 years before, in 2007,
when US$4.4 billion was required to assist 26 million people [1]. And these figures do not include all
the expected humanitarian needs for the El Niño weather pattern in 2016 that is affecting Southern
and East Africa, Southeast Asia and Central America. In addition to more frequent crises affecting
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larger numbers of people, a greater share of crises are complex and protracted and the people affected
require prolonged support and assistance. Forced displacement due to conflict and natural disaster is
also increasing, totaling 60 million people by the end of 2014 [2]. The growing humanitarian needs
face further pressure, with climate change alone expected to impact crop yields, water supply, greatly
intensifying droughts, floods and heat waves and also impacting on the frequency and severity of
existing diseases and the introduction of new health threats [3].

Humanitarian crises (see Box 29.1 for definitions) can slow or even stop economic growth and
destroy infrastructure, which can in turn hamper access to needed goods and services. A shock may
disrupt access to food, damage food production and limit transportation needed for markets to function
optimally. Emergencies can also impact health systems or lead to an increase in disease and disrupt
household and social structures, undermining caring practices that impact on good nutrition. These
disruptions are often occurring on top of already compromised systems, and each of these impacts can
affect direct causes of malnutrition—increased illness, constraints on caretaking and reduced food
intake or reduced dietary quality. Increases in malnutrition are hence a common consequence of
humanitarian crises. There are immediate repercussions of malnutrition on morbidity and mortality,
but significant impacts on child growth and development also occur, particularly in protracted crises,
which can affect individuals for a lifetime and severely constrain a society’s future human capacity.

Box 29.1 Definitions for Humanitarian Crises
Aggravating factors: These refer to context factors that, when present, may indicate that a
deterioration in the nutrition situation is likely. These include: a general ration below mean
energy requirements, crude mortality rate >1 per 10,000 per day, an epidemic of measles or
whooping cough, or high prevalence of respiratory or diarrheal disease.

Assessment: A structured process of collecting and analyzing data to measure the impact of
the crisis and provide an understanding of the situation and any related threats, in order to
determine whether a response is required and, if so, the nature of that response. An assessment
is a time-bound exercise that produces a report and recommendations to inform
decision-making at a particular point in time [4].

Coping strategy: Strategies employed by individuals or households during crises to preserve
productive assets which are needed to sustain a living in the future.

Disaster: A serious disruption in the functioning of a community or society involving
widespread human, material, economic or environmental losses and impacts, which exceeds the
ability of the affected community or society to cope using its own resources. Disaster impacts
may include loss of life, injury, disease and other negative effects on human physical, mental
and social well-being together with damage to property, destruction of assets, loss of services,
social and economic disruption, and environmental degradation [5].

Food access: A household’s ability to acquire adequate amounts of food, through any
combination of home production and stocks, purchases, barter, gifts, borrowing and food aid.
Food may be available but not accessible to people who do not have adequate land to cultivate
or enough money to buy it.

Hazard: Natural or man-made processes or phenomena that may cause the loss of life or
injury, property damage, social and economic disruption or environmental degradation.

Preparedness: Disaster preparedness minimizes the adverse effects of a hazard through
effective precautionary actions, rehabilitation and recovery to ensure the timely, appropriate and
effective organization and delivery of relief and assistance following a disaster.

Protracted crisis: There is no single definition of what constitutes a protracted crisis. The
characterization of a protracted crisis may be based on duration, weak governance, unstable
systems and/or a breakdown of local institutions. FAO and WFP, as part of the State of Food
Insecurity in the World 2010 report [6], defined protracted crises as countries reporting a food
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crisis for eight years or more, receiving more than 10% of foreign assistance as humanitarian
relief and being on the list of low-income food-deficit countries. UNHCR defines protracted
displacement as situations in which refugees have been in exile for five years or more since
their initial displacement and in which immediate prospects for solutions are bleak [7].

Resilience: Comes from the Latin verb resilio, literally to jump back or rebound. It was used
in physics to characterize the capacity of a material to recover its initial state after a change. In
international development the term means the ability of a system and its component parts to
anticipate, absorb, accommodate or recover from the effects of a hazardous event in a timely
and efficient manner, including through ensuring the preservation, restoration or improvement
of its essential basic structures and functions [8].

Risk: The combination of the probability or frequency of occurrence of a defined hazard and
the magnitude of the consequences.

Shocks: A shock is an event that can trigger decline in well-being, which can affect indi-
viduals, a community, a region or even a nation [9].

Slow-onset emergency: Disasters that take an extended period of time to produce emergency
conditions which are normally accompanied by early warning signs, for example some natural
disasters such as drought or economic decline [10].

Sudden-onset emergency: Disasters which occur with little or no warning, including both
‘natural’ disasters (e.g., earthquakes, hurricanes, floods) and man-made or ‘complex’ disasters
(e.g., sudden conflict situations) [10].

Vulnerability: The extent to which a system, community, household or individual is sus-
ceptible to, and unable to cope with, the impact of a shock [11]. The IPCC has since changed
the definition of vulnerability to the propensity or predisposition to be adversely affected [8].

Humanitarian Crises—Types, Characteristics and Consequences

Definition of Humanitarian Crisis

A humanitarian crisis or emergency has been defined as an event or series of events that represents a
critical threat to the health, safety, security or well-being of a community or other large group of
people, usually over a wide area [12].

Historically, humanitarian crises were viewed as short-term situations and the main objective of the
humanitarian responsewas to save lives. The fundingmechanisms for humanitarian response still reflect
this ‘short-term nature.’However, based on experience from the growing number of protracted crises—
decades of refugee settlements in East Africa and conflict-related crises in many parts of the world that
continue for years—prolonged humanitarian situations are now more and more common. In these
settings, the effects of humanitarian crises become nearly ‘the norm.’Equally, evenwhen the crisis has a
time-bound insult period, theremay be lasting consequences of the crisis that lead to longer-term impacts
on malnutrition, particularly when support to affected households is suboptimal and their recovery slow
or delayed. Finally, repeated crises as seen in the Sahel droughts at the beginning of the twenty-first
century (2005, 2011, 2012 and 2016) limit the ability of the poorest and most affected households to
recover and erodes their resilience. Their inability to meet their daily food and nutrient requirements and
to access health care and other essential social services has become nearly permanent.

There is significant rationale and momentum for greater coherence and complementarity between
humanitarian, development, security and peace objectives and to link humanitarian assistance to other
development-oriented interventions. In fact, the new sustainable development goals (SDGs) do not
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differentiate between humanitarian and development contexts. This provides an opportunity for
national governments and other stakeholders to combine thinking and approaches. Addressing
underlying problems of chronic poverty, inequality and vulnerability as part of humanitarian
responses and similarly ensuring that emergency preparedness and recovery are considered during
non-crisis periods is a critical start to building resilience, limiting conflict and strengthening gover-
nance [13]. Yet, while there are greater efforts being placed on prevention of potential crises through
early warning and disaster preparedness, many crises will continue to require an immediate,
large-scale humanitarian response.

Types of Crises or Shocks

Humanitarian crises can come in many different ways and forms. They can be man-made or occur as a
result of natural disaster. The onset of the crisis may be sudden or slow, and the scale and duration can
vary. Additionally, the carry-on impact may result in migration or affect a localized population that
remains in place. These multiple characteristics and their resulting consequences are discussed in more
detail in the next section. Drivers of humanitarian crises can vary from country to country and region to
region, but many are common. Poverty and inequity are major drivers. Poor governance, corruption,
armed conflict and political transition are also conditions that initiate or aggravate humanitarian crises.
High population density and population growth and environmental degradation can also drive
humanitarian crises.

Crises can be global—the financial crisis of 2008. They can be regional—El Niño in 2016. They
can be local—Nepal earthquake in 2015. More and more however, there are global to local and local
to global dimensions of humanitarian crises. For instance, what may start as a local crisis can rapidly
become a global concern (e.g., the Syrian crisis).

It is difficult to classify humanitarian crises easily because of the great diversity in events, the
variation in scale of the crisis and the variation in consequences that result due to diverse underlying
drivers of the crisis in a particular location. However, typically crises are categorized as
(1) man-made, (2) associated with natural hazards (commonly referred to as natural disasters) or
(3) complex. Different conditions lead to natural disasters—geophysical (e.g., earthquakes, tsunamis
and volcanic eruptions); hydrological (e.g., floods, avalanches); climatological (e.g., droughts);
meteorological (e.g., storms, cyclones); or biological (e.g., epidemics, plagues). Natural crises can be
acute or sudden onset (e.g., earthquake) or slow onset (e.g., drought). Man-made crises are disasters
that are caused directly or primarily by an identifiable deliberate or negligent human action. Complex,
protracted humanitarian crises are typically described as having more than one causal factor and could
be a combination of man-made and natural crises. Although each protracted crisis is different,
underlying causes include some combination of conflict, occupation, terrorism, natural resource
pressures, climate change, inequalities, high rates of poverty and governance factors.

Consequences and Effects of Crises

The consequences and effects of humanitarian crises can be massive and complex, requiring broad
responses. In the earthquake in Haiti in 2010 for instance, the United Nations and the international
community provided expertise in 35 different sectors (e.g., agriculture, livelihoods, shelter, food,
health) to support interventions ranging from rescue of survivors to provision of water, housing, food
and restoring communication and infrastructure to cover the various different needs of people who
were affected [14]. Conflict alone can undermine food security and nutrition in multiple ways:
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destroying crops and livestock, disrupting markets, causing displacement, creating fear, damaging
human capital and contributing to the spread of disease. Conflict also makes it difficult for governments
and humanitarian actors to reach those in need. As a result, people in conflict-affected states are two
times more likely to be undernourished than those living in more stable developing countries [15]. For
example, there are a number of common effects and consequences of man-made, natural and complex,
protracted crises.

Displacement

Displacement or movement of people as a result of a crisis can be temporary or more permanent. In
the floods in Pakistan in 2010 for instance, households were temporarily relocated until flooding
waters receded. Internal displacement or external migration is increasingly common with armed
conflict and complex, protracted crises. Displacement has indirect consequences on many other
effects of the crisis, including health, security and psychosocial impact.

Food Insecurity and Market Access

Food insecurity is a very common effect or consequence of humanitarian crises but can result from a
wide range of pathways. A crisis can affect agriculture production by limiting planting, damaging
fields and lowering yields. Climate change, resulting in drought or floods, can lead to these conse-
quences, but limited access to fields—due to natural or man-made circumstances—can also influence
agriculture production. Global and local prices fluctuations can also influence food production and
income, as well as access to foods due to changing prices and incomes. Markets can be disrupted—
either linked to goods moving to the market or related to people losing safe access to markets. There
are often both immediate and long-term consequences of humanitarian crises on food security. For
instance, a flood will immediately damage existing crop production. Subsequently, a lower household
income could force a farmer to plant less in the subsequent season, exacerbating and extending the
food security problem.

Access to Services

When service facilities are damaged, access to health care, education and other services is interrupted.
These services are particularly essential for access to treatment and care for people who are being
treated for chronic disease, for example diabetes, hypertension and HIV. Preventive health services
such as immunization, vitamin A capsule distribution and midwifery services can also be interrupted.
This can have serious longer-term public health ramifications, including a resurgence of infectious
diseases such as measles in the affected areas and beyond. Children’s access to education can be
affected—due to physical damage to schools or an inability to access schools due to insecurity or
other reasons. Access to social protection programs or agriculture extension services can similarly be
interrupted.

Preparedness

The impact of a crisis depends not only on the magnitude of the crisis itself and the level of
vulnerability prior to the crisis, but also on the existing capacity to plan for, predict and manage a
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shock. Preparedness activities seek to build capacity to provide more efficient and effective support in
emergencies, as well as to mitigate the impact of an emergency before it strikes. For example, lessons
learned from the 2004 Indian Ocean tsunami emphasized the need for early warning systems, which
potentially could have alerted people of the approaching waves and potentially saved lives. In
addition, surveillance systems could have been used for early detection of communicable disease, as
well as monitoring the nutritional status of vulnerable groups [16].

Preparedness actions can include developing or improving such surveillance and warning systems,
as well as investing in capacity development to enhance the ability of national actors to manage a
disaster response. National disaster management plans are key preparedness tools, defining roles,
responsibilities and actions to be enacted in the event of an emergency. Where rates of malnutrition
are high, or the risk of deterioration of nutritional status is significant, these plans should include
specific provisions for a response to protect the health and nutritional status of vulnerable groups.

Vulnerable populations often have fewer resources and less access to services, while at the same
time, they live in situations that carry a high exposure to hazards (e.g., in substandard housing, in
flood-prone areas, on degraded land) putting them at higher risk. Working with vulnerable groups
before an emergency can support resilience through a variety of ways. For example, improving
housing to better withstand weather hazards, diversifying livelihoods to raise incomes, improving
nutrient intake to improve health and strengthen immune systems, and emergency trainings can
support communities and individuals to better absorb and respond to shocks that may occur. See
Box 29.2 for an example on the importance of preparedness in the context of El Nino.

Box 29.2 Case Study: El Niño
El Niño—a pattern of unusually warm water across the Pacific—is a phenomenon which has
the power to change weather conditions around the world due to the interaction between winds
and currents. The resulting changes in rainfall and temperature will have widespread impacts on
food production in different regions. The 2015–2016 El Niño event has been forecast to be one
of the strongest in nearly a century. The nature of the impact will differ depending on the
location, but droughts driven by El Niño in Latin America, East and Southern Africa are
expected to peak in late 2016 and carry the potential to decimate crop and pasture development.

Malawi is one of the countries expected to suffer poor harvests due to El Niño-driven
drought. Prior to the crisis, 42.4% of children under 5 were stunted. While stunting exceeded
the critical threshold, wasting prevalence stood at just 3.8%. Furthermore only 15% of children
6–23 months of age consumed a minimum acceptable diet (MAD) [17].

Given the nature of the crisis, livelihood groups which rely on rain-fed agriculture or
pastures may experience significant loss to homestead production for self-consumption, as well
as income. Depending on the severity of the drought and the crops most affected, the price of
staple foods may increase1 for the general population. As households with limited incomes are
forced to spend more of their budgets on staple foods to cover price hikes, spending on other
more micronutrient-rich foods is likely to decrease.

The use of negative coping mechanisms (e.g., selling productive assets, taking children out
of school) may also increase. These actions, which are often a last resort meant to generate more
income or reduce expense in the present face of a crisis, can undermine a household’s ability to
meet the nutrient needs of vulnerable members over the long run.

In some ways the crisis is predictable given the relatively slow-onset nature. However, the
magnitude of the impact remains more difficult to predict. Early action and preparedness are
needed to effectively protect the nutritional status of vulnerable groups. Given the high rates of
stunting, it is particularly critical to reach pregnant and lactating women and children aged

1The Government of Malawi has a strategic grain reserve which aims to smooth these price hikes.
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6–23 months. Based on MAD data, ensuring access to age-appropriate nutrient-dense foods
must be a priority. When coupled with SBCC, the provision of complementary foods can help
support nutrition outcomes by addressing both feeding practices (frequency) and consumption
(diversity/adequacy of diet).

Impacts of a Humanitarian Crisis on Nutrition

Who Is Affected and How

Humanitarian crises will have both short-term and long-term impacts on the nutritional status of vulnerable
groups such as young children, pregnant and lactating women, those with chronic illness (e.g., TB or HIV)
and the elderly.Childrenand pregnant and lactatingwomenhave thehighest nutrient requirements and have
a high risk of infectious illness, the two immediate determinants of poor nutritional status. At the same time,
poor nutrient intake and increased illness are two of themost commonconsequences of humanitarian crises,
linked not just to food insecurity and increased health risks, but also to displacement and psychosocial
consequences which can affect child feeding and caring practices, for instance.

While humanitarian crises can affect households across all economic classes, the poor and vul-
nerable suffer most in terms of bearing the brunt of consequences—increased prices, reduced food
production (or extensive crop loss), inaccessibility to health or social services—and often force
difficult household choices that adversely affect women, young children and elderly in particular.
Vulnerable households require the greatest immediate and longer-term support to recover from the
shock. Vulnerability is determined both by the potential risk and by its impact, and it may be related
to age, gender, ethnicity, health status, wealth or other similar factors2 [18].

Humanitarian crises typically strike amidst ongoing chronic problems of hunger and malnutrition
in the affected countries. In addition, a crisis may exacerbate a regular seasonal hunger period or may
occur during a seasonal period of higher illness (e.g., malaria or diarrhea).

The impact of a humanitarian crisis on malnutrition is determined by a number of factors that are
related to the pre-crisis situation as well as the different characteristics of the crisis itself. These are
described below.

Factors Affecting the Impact on Nutrition: Pre-crisis Nutrition Situation

The nutrition situation prior to the crisis will likely influence which nutrition problems become most
pronounced in the immediate and longer-term aftermath of a crisis.

All forms of malnutrition, including stunting, wasting, micronutrient deficiencies (MNDs) and
overweight/obesity, should be considered when gathering information to predict and understand the
potential impact of a crisis on nutrition. Stunting is an indicator of vulnerability of the population,
since stunted children are at higher risk of death, similar to children who are wasted [19]. This is
likely linked to concurrent micronutrient deficiencies, which reduce the performance of the immune
system. Even a small shock can have significant consequences on malnutrition because nutritional

2The Office for Disaster Risk Reduction, UNISDR, defines vulnerability as ‘the conditions determined by physical,
social, economic, and environmental factors or processes, which increase the susceptibility of a community to the
impact of hazards.’
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status can change very quickly. Therefore when a population with high levels of stunting and
micronutrient deficiencies is exposed to a crisis, protecting nutritional status from a further deterio-
ration is essential. Similarly, when such a population is at known risk of crises, e.g., due to a likely
oncoming period of drought, improving nutritional status before the crisis starts makes good sense.
This so-called prevention should focus on prevention of undernutrition, including stunting (1000-day
focus, i.e., pregnant and lactating women and children under 2) and ensuring good micronutrient
status (e.g., for children under 5). See Box 29.3 for an example from Nepal.

Box 29.3 Case Study: Nepal
Nutrition was already a key concern before the devastating earthquake that struck Nepal on
April 25, 2015. In 2011, 41% of children under 5 were stunted, with children in rural areas
more likely to be stunted (42%) than their urban counterparts (27%). In addition, 11% of
children under five were wasted, and 29% were underweight. Forty-six percent of children
under five were anemic and only 28% of children 6–23 months were appropriately fed,
meaning they received the minimum dietary diversity and minimum meal frequency to achieve
a minimum acceptable diet (MAD). Nutritional indicators for women of reproductive age were
also poor, with 18% of women classified as having low BMI (<18.5 kg/m2). Furthermore, 35%
of women 15–49 years of age were anemic and only 38% of pregnant women took iron tablets
for the recommended 180 days [20].

The massive 7.8 magnitude earthquake that struck Nepal in 2015 was the worst disaster to
strike the country since the 1934 Nepal–Bihar Earthquake. The recent seismic event killed more
than 8800 people and injured at least three times as many throughout the country. In addition to
the immediate human toll, the earthquake destroyed already weak infrastructure, with 14 of 75
districts in the country reporting major damage. The crisis resulted in $10 billion in economic
loss according to the Government of Nepal.

As mentioned above, the emergency came on top of already high rates of wasting, stunting
and anemia among key groups. The nature of the crisis and its sudden onset impacted health
systems, as well as access to basic needs such as food and water. Affected populations reported
an increase in illness due to exposure to extreme hot and cold conditions due to lack of adequate
housing. Furthermore, many rural communities were cut off from supply routes, negatively
affecting access to markets.

Updated nutrition data (post-April 2015) were widely unavailable. However, given the
pre-earthquake nutritional situation and expected impact of the earthquake, an immediate
response to protect nutritional status was warranted. With the already high levels of wasting,
and critical levels of stunting, the risk of rapid deterioration in nutritional status and increased
wasting was extremely elevated. In addition, micronutrient deficiencies are a major contributor
to morbidity and mortality and were already an issue of public health concern in Nepal before
the 2015 earthquake. In affected districts with existing high levels of stunting and/or wasting, a
preventative approach such as blanket supplementary feeding of specialized nutritious foods
would have been appropriate.

Immediately following the earthquake, the Government of Nepal requested that the UN
activate humanitarian clusters. Concerned not only by the scale of the emergency itself, but also
by the risks to nutrition that the impending monsoon rains would bring, the UN Nutrition
Cluster developed an integrated package of nutrition services. The package included a com-
bination of promotion of infant and young child feeding (IYCF) practices, including for
exclusive and continued breast-feeding (for mothers of children 0–5 months and children
6–23 months, respectively); distribution of a two-month supply of micronutrient powders
(MNPs) for home fortification of foods for children aged 6–59 months; vitamin A supple-
mentation for children age 6–59 months; screening children aged 6–59 months for severe acute

654 L. Kiess et al.



malnutrition (SAM) using mid-upper arm circumference (MUAC), and referral of cases found;
and iron and folic acid supplementation for pregnant and lactating women. This combination of
education and blanket distribution of MNP together with active case finding and treatment of
SAM combined prevention of micronutrient deficiencies and treatment of SAM [21].

Humanitarian crises are most commonly associated with increased numbers of children with acute
malnutrition or wasting. However, where acute malnutrition rates are very low (<5%), monitoring
increases in new cases or increased admissions of children to treatment facilities may not be the most
sensitive indicator of the nutritional impact of a crisis (with the exception of major epidemics such as a
large-scale cholera outbreak which could lead to a rapid increase in acute malnutrition). Instead, when
access to food is threatened, it has been shown that households will protect their caloric intake (largely
provided by cereals) and sacrifice diet diversity and diet quality [22, 23]. This can lead to a rapid onset
or increase in micronutrient deficiencies. Where overweight and obesity are prevalent, management of
NCDs is important but the crisis might also stimulate an increase in micronutrient deficiencies.

Factors Affecting the Impact on Nutrition: Characteristics or Effects
of the Crisis

The immediate causes of undernutrition are poor dietary intake and illness. Understanding the
pathway between the consequences and effects of humanitarian crises and these two immediate
causes will help to explain and anticipate the potential impact on nutrition and to identify direct and
complementary interventions that can prevent increases in malnutrition. Displacement, service quality
and access, food insecurity and health risk are key effects that influence nutrition and are discussed
below. These factors also affect how a response is designed and implemented.

Displacement

Short- or longer-term displacement can influence many factors related to nutrition. Temporary
lodging areas can limit the secure, private space that is often required for breast-feeding in many
cultures. In addition, displacement can affect access to cooking facilities—fuel may not be available
or safely accessible, cooking equipment may be lost as a result of the crisis, or water availability may
be hampered. A lack of cooking facilities often reduces the number of times households eat per day
and can influence the type of foods that are prepared (e.g., easy preparation foods are preferred). This
can have significant consequences for young children who need to eat a number of meals throughout
the day and require a diverse diet.

Displacement can also affect access to food and markets—distances to markets may increase,
frequency may decrease, and demand, competition and other behaviors of sellers may also change. This
can influence the variety, price and/or regularity of food access. Displacement can lead to crowding or
poor environmental conditions which could increase the risk of infections. Finally, displacement causes
mental and psychological disruptions which can affect child and maternal caring practices.

Service Quality and Access

The capacity, coverage and effectiveness of the health system prior to the crisis will determine or
influence whether an increased demand for services triggered by the crisis can be managed. At the
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same time, the crisis can often have significant impacts on the infrastructure and the human capacity
of the health system, linked to security concerns and the quality of care being offered. For instance,
health workers may not be able to work, they may become significantly overworked with increased
caseloads, affecting quality of care, supply chains for equipment and medicines may be interrupted, or
the centers themselves may be damaged. Similarly, social protection services (measures to improve
and protect human capital) may be interrupted or may become overstretched.

Women, Crises and Nutrition

Women are greatly affected by humanitarian crises. They are often overrepresented in refugee and
IDP communities that are formed as a result of humanitarian crises. They are primarily responsible for
care of household members and often communities during crises, despite having lower social and
legal status in many countries and less access to capital, goods and other means to protect themselves.
They are also frequently sidelined in the planning and implementation of crisis responses in many
situations. Given their role in child care and household food security, including food production,
distribution and marketing, preparation, processing and storage, women’s status is essential for
ensuring good nutrition. Having access to security and protection services is also essential because of
major risks of gender-based violence in crises. This can affect their access to markets, their ability to
seek employment and their access to services provided during the emergency response.

The Nutrition Response to a Humanitarian Crisis

Increased attention has been given to nutrition as part of the humanitarian response in the past
decades. In 1992, nutrition was not mentioned in any of the humanitarian appeals that were launched,
in contrast to representing as much as a half billion US dollars, or more than 11%, of the total funding
requests in 2012 [24].

Thresholds for a Nutrition Response

Typically, data on acute malnutrition or wasting among children under 5 years have been used to
define the nutrition concerns in a humanitarian crisis—particularly to estimate relief needs, to pri-
oritize or target geographical areas, to plan nutritional interventions and to monitor the effectiveness
of nutrition assistance [25]. Global acute malnutrition (GAM) prevalence thresholds have been
commonly used to guide intervention in emergencies: >15% GAM or 10–14% GAM with aggra-
vating factors = nutritional emergency. Prevalence of wasting in children is estimated based on the
2006 WHO Child Growth Standards for weight-for-height below −2 standard deviations and/or
edema (referred to as Global Acute Malnutrition) or mid-upper arm circumference (MUAC) below
125 mm [26]. MUAC is becoming more common because it is easier to collect, particularly in
humanitarian crises, and is a better indicator of mortality risk [27].

While the UN WHO thresholds and tools such as the Integrated Food Security Phase Classification
(IPC) still rely largely on thresholds of wasting prevalence to classify the severity of a nutritional
problem in a humanitarian crisis [28], there have been practical shifts in understanding of malnutrition
during crises and two major shifts are evolving.

First, there has been a shift in recognizing that it is not possible to differentiate forms or levels of
malnutrition by their context, i.e., a humanitarian crisis or a non-emergency setting. Some countries
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have ‘emergency levels’ of acute malnutrition in what would be classified as non-emergency settings.
And while the individual risk of mortality is highest with severe acute malnutrition or severe
micronutrient deficiencies, more children die due to more moderate micronutrient deficiencies,
moderate acute malnutrition and stunting because many more children are affected by these condi-
tions. Stunting and its consequences are not only a concern for the development context, for two
reasons: (1) Many crises are long-lasting and ultimately may cover a substantial part of the 1000-day
period of individuals, so while called ‘chronic malnutrition,’ the irreversible impact of poor nutrition
on health and development occurs in a relatively short period, even in crises, and (2) stunting needs to
be prevented during the first 1000 days and the interventions required for that, i.e., those that ensure
adequate nutrient intake, also support the immune system and lower the risk of acute malnutrition. If
preventive interventions targeting this window of opportunity are not implemented during a crisis, the
impact can be irreversible.

This greater understanding of the mortality risks of malnutrition and the evolving pattern of
humanitarian crises worldwide have stimulated a second major shift—the importance of using data on
the broader nutrition situation (wasting, stunting, micronutrient deficiencies and obesity) and data on
the underlying risks (displacement, food insecurity, health situation, population density) to guide
decision-making for a nutrition response.

In Fig. 29.1, the decision process for when and how to respond to acute malnutrition is presented
[29]. While the first line of decision-making for this tool is still the prevalence of acute malnutrition
rather than also considering stunting, micronutrient deficiencies and overweight, critical risk factors
that are associated with an increased incidence of acute malnutrition are presented to guide program
managers to the most optimal response plan. One of the objectives of the tool was to explicitly
incorporate a range of contextual situational factors into the decision-making process, in addition to
population-level data on nutritional status before and during the specific humanitarian crisis.

Increasingly there are more examples of malnutrition being considered more holistically in
humanitarian responses. For instance in Indonesia during the 1998 economic crisis, the nature of the
crisis was modeled to predict the impact on nutritional status (what and who would be most affected).
Deterioration of diet quality was identified as the most likely nutritional consequence, and therefore,
increases in micronutrient deficiencies (e.g., anemia and vitamin A deficiency) were anticipated.

Fig. 29.1 Program recommendation for prevention of acute malnutrition and treatment of MAM. The tool may
underestimate risk in slow-onset emergencies. In emergencies with severe food insecurity or epidemics where GAM is
classified as low, it may be appropriate to launch blanket feeding rather than monitor the situation. From MAM
Decision-Making Tool, Global Nutrition Cluster, 2014. The dotted lines in the diagram indicate ‘additional option’
(relevant in certain circumstances). Used with permission
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Programs were launched early on to minimize an increase in micronutrient deficiencies [22]. In
addition, response in Indonesia to the 2004 Indian Ocean tsunami considered the existing high rates
of micronutrient deficiencies among women of reproductive age and young children. The tsunami
was the first emergency response which included a large-scale distribution of micronutrient powders
as a home fortificant to be added to semisolid or solid foods prepared for children [16]. More recently
in the El Niño crisis in Central America, the existing problem of overweight/obesity is considered in
the overall strategy for the food security and nutrition response [30]. The situational analysis and
monitoring of the crisis impact will include measures of over- and undernutrition. The planning for
food assistance rations and nutrition interventions, particularly nutrition messaging, will take into
account the double burden problem in many of these countries. During the Syrian refugee crisis in
Lebanon, Jordan and Iraq, significant increases in wasting have not been observed [31]. However,
given the low dietary diversity and the limited availability and affordability of fortified comple-
mentary foods in these neighboring countries, there is growing awareness that other nutrition prob-
lems, including micronutrient deficiencies, child stunting, overweight and non-communicable
diseases (NCDs)—all of which were prevalent in the Syrian population pre-crisis—may have
increased as a result of the crisis. See Box 29.4 for an example of considering how multiple factors
may be impacting nutrition in the Syrian crisis.

Box 29.4 Case Study: Syria
Even before the Syrian conflict, the country was confronted with multiple nutrition challenges.
In 2009, 27.5% of children under 5 were stunted; wasting stood at 11.5% for the same age
group; and 17.9% were overweight [32].

The crisis erupted in March 2011. By 2016, after more than 5 years, the protracted conflict
has resulted in a massive loss of life and livelihoods. Current United Nations estimates put the
number of displaced at nearly 11 million—more than half of the country’s population. More
than half, 4.8 million of the displaced, have fled Syria, and many now reside as refugees in
neighboring countries [33].

While little assessment data are available from inside Syria, the sub-national differences in
security situations are likely creating some highly localized impacts which require contextual
responses. For example, transport costs for food and other goods are often influenced by armed
groups which control road access and levy unofficial fines. Food that is grown in one region
might be affordable locally, with high price increases in other Syrian markets to cover these
transport-related costs. The varying functioning of markets is likely contributing to different
food security and nutrition outcomes depending on locations.

As the conflict continues, addressing malnutrition within Syria becomes increasingly critical.
Wasting rates which were poor before the crisis are likely to have deteriorated further as food
and health systems are increasingly strained or nonexistent. A nutritional response within Syria
considers a preventative approach on a very large scale, as well as focus on implementing
malnutrition treatment services in besieged areas. A ‘preventative’ approach aims to prevent a
predictable potential increase in malnutrition by targeting based on vulnerability (e.g., all
children in a given crisis-affected area between the ages of 6–23 months), rather than targeting
based on nutritional status (e.g., children 6–59 months of age are only referred to treatment for
SAM when MUAC is ≤115 mm or WHZ is ≤−3).

However, the response necessary to protect the nutritional status of refugees must consider
the very different contexts in which these displaced populations now live. The response is
largely provided via cash based transfers, i.e., refugees are accessing foods that are available
and choose based on their own preferences. Large-scale treatment is likely to become unnec-
essary and inappropriate if populations have access to sufficient support to meet their food and
non-food needs. However, with little opportunities to generate additional income, the transfers
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provided to refugees must be large enough to cover all nutrient needs, and cost-effective
fortified foods must be available and accessible to prevent micronutrient deficiencies among
vulnerable groups. Market assessments should consider the availability of animal source foods
and age-appropriate complementary foods to ensure that refugees living in camps or host
communities have the means and the ability to procure and prepare foods which meet the
nutrient needs of young children and that match their food preferences. Support to mothers for
optimal feeding practices, including exclusive and continued breast-feeding, must be provided.

While the above considers immediate needs, long-term economic, political and social
consequences of the conflict will continue to impact the underlying causes of malnutrition for
many years.

Prevention and Treatment

Webb et al. have identified four objectives of nutrition action in a humanitarian crisis including
reducing prevalence of acute malnutrition, reducing or preventing micronutrient deficiencies, pro-
moting appropriate complementary care to minimize the risk of mortality among young children
during illness and ensuring access to adequate, safe and nutritious foods to meet required nutrient
needs [34].

There has been significant progress in improving the treatment of acute malnutrition (both severe
and moderate) over the past 15 years. The development of ready-to-use foods (RUF) and a
community-based approach, i.e., community management of acute malnutrition (CMAM), have made
it possible to treat the majority of children in outpatient services as opposed to treatment in hospitals3

(See Box 29.5). CMAM has led to better coverage and more effective treatment of acute malnutrition
among admitted children. When SAM treatment is integrated effectively into health systems,
including treatment in the community, in non-emergency contexts, it can then be scaled up during
crises to prevent the mortality risk associated with malnutrition in sudden-onset crises.

Box 29.5 Revolution of Treatment of Severe Acute Malnutrition, from Clinic to
Community, Enabled by Development of Ready-to-Use Therapeutic Food
Until the late 1990s, the product of choice for treatment of children with severe acute mal-
nutrition (SAM) was therapeutic milk. The milk is to be reconstituted from powder milk several
times a day by trained personnel, and children are hospitalized during their treatment, with their
mother or another caretaker looking after them and feeding them the milk. The treatment could
take around 3–6 weeks, which is a long time for a caretaker to be away from other family
members and responsibilities. However, because of hygiene risks, possibility of errors when
reconstituting the milk and unintended use, it cannot be given to caretakers for preparing and
feeding at home.

In the early 1990s, a French pediatrician, Andre Briend, conceived the idea of mixing
ingredients containing the nutrients required for recovering from SAM into a paste with very
low water activity, which would be ready to consume and could be stored, unopened, for a long
time. The low water activity prevents bacterial growth, and packaging in small servings of

3CMAM is generally described as a continuum of care with four components: (1) community outreach; (2) management
of MAM (moderate acute malnutrition); (3) outpatient treatment for children with SAM (severe acute malnutrition) with
a good appetite and without medical complications; and (4) inpatient treatment for children with SAM and medical
complications and/or no appetite.
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which one or more could be consumed per day would allow treatment of children at home,
rather than as inpatients in a clinic. The ready-to-use therapeutic food (RUTF) was born, and
after its equivalency to F-100 [35] or superiority to standard treatment [36] was confirmed, the
formulation was finalized and the commonly used recipe includes as its ingredients peanuts,
milk powder and/or whey, vegetable oil, sugar, maltodextrin and vitamin/mineral premix. The
paste was packaged in foil sachets containing 500 kcal (92 g) that have a 24-month shelf-life.

WHO, WFP, SCN and UNICEF issued a joint statement endorsing RUTF for treatment of
uncomplicated SAM, which means that the child has an appetite and will consume the food and
is free from other medical complications that would require inpatient care, as outpatients in the
community [37]. This meant that many children with SAM could now be treated at home, and
the detection and follow-up for children with SAM could now be organized at community level,
for example at the level of health posts rather than clinics [38]. This approach became known as
community management of acute malnutrition (CMAM) and also includes treatment of mod-
erate acute malnutrition (MAM) and prevention of acute malnutrition [39]. For detection of
SAM, a color tape is used to measure the mid-upper arm circumference (MUAC), where a red
result corresponds with <115 mm and indicates SAM, orange is for 115–125 mm and indicates
MAM, and green is for ≥125 mm and not acutely malnourished. CMAM has markedly
increased the number of children that are treated for SAM.

Meanwhile, other nutritious pastes have been developed that are similar to RUTF:

• Ready-to-use supplementary food (RUSF) for treatment of MAM—also in sachets of
approximately 500 kcal, main difference is that it has less dairy and a slightly different MN
content (e.g., 10% instead of 20% milk powder). Its nutrient content is based on WHO
guidance issued in 2012 [40].

• Lipid-based nutrient supplement—medium quantity (LNS-MQ) for prevention of acute
malnutrition, given in dosages of 250 kcal/d to children at risk of developing acute mal-
nutrition for example in a very food-insecure lean season

• Lipid-based nutrient supplement—small quantity (LNS-SQ) used to add essential (micro)
nutrients to a young child’s diet to reduce the risk of undernutrition, including micronutrient
deficiencies and stunting.

For MAM treatment and enhancing complementary feeding, there are also other food
options available, such as fortified infant cereals (e.g., Supercereal Plus). For SAM treatment,
the two main options are F100 for inpatient treatment and RUTF for outpatient treatment.
Home-based care including cooking demonstrations and other care instructions for caretakers in
combination with provision of vitamin/mineral supplements has also been tried, for both SAM
and MAM treatment, but effects vary, depending on caretakers’ access to specific foods (i.e., do
they provide the required combination and amount of nutrients) and time [41, 42].

It is important to note that in addition to special nutritious foods, treatment of acute mal-
nutrition also requires treatment and prevention of disease, and support and information for
caretakers on infant and young child feeding practices, including breast-feeding, hygiene and
food preparation

While these improvements in treatment of acute malnutrition are laudable, prevention of malnu-
trition before it occurs through a multi-sectoral approach is better. Prevention programming can
reduce the number of children who become acutely malnourished, rather than only treating those who
are already acutely malnourished [43, 44]. More importantly, prevention of malnutrition is an
essential part of child survival interventions and required for ensuring optimal growth and devel-
opment. It can protect exposed generations by ensuring appropriate nutrition during the first
1000 days (i.e., from conception until the second birthday).
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Good nutrition during the first 1000 days is considered the first line of prevention against
undernutrition, including wasting. When a crisis occurs, these ongoing prevention programs can be
adjusted to cover a greater number of affected households/children or the package of services could be
modified in response to the consequences of the crisis. In essence, any intervention to ensure optimal
nutrition or to reduce the risk of undernutrition needs to address directly or indirectly the immediate
causes of malnutrition—i.e., dietary intake to meet established nutrient requirements and prevention
of illness, which increases nutrient needs and lowers dietary intake (reduced appetite) [45].

A wide range of programs are employed to prevent undernutrition during emergencies, including
nutrition specific interventions, such as blanket supplementary feeding, and nutrition-sensitive
interventions, such as improving food security and livelihoods, water and sanitation programming
and improved caregiving. Good nutrition during pregnancy and lactation is also very important for
reducing small-for-gestational age births and ensuring optimal growth and development during
emergencies. Good nutrition among women also supports their ability to provide good care for their
children.

Greater emphasis is increasingly placed on having strong system-based, multi-sectoral prevention
programing in place prior to emergency onset. These systems can then be scaled up (and down) in
response to crises. Equally, when prevention programming is not in place, a preventive response in an
emergency can also become the basis for a longer-term prevention program post the crisis if the
situation warrants.

Food Assistance and Nutrition

Food assistance is an instrument to promote food security among vulnerable households. The term
food assistance is now used instead of food aid because the instruments to deliver this support have
expanded beyond in-kind food transfers (e.g., actual food commodities) to include cash based
transfers (e.g., cash, commodity or price vouchers). In addition to in-kind food distribution often
associated with food aid, food assistance can include providing technical assistance to governments
on implementing school feeding and social safety nets, and it can be linked to asset creation, work
with smallholder farmers to ensure good quality produce and access to markets or developing
capacity of local manufacturers of nutritious foods. Where markets are functioning, the humanitarian
sector is shifting more toward cash-based transfers or open vouchers to respond better to consumer
needs and preferences.

Food assistance addresses the ‘food availability’ and ‘food access’ issues of food insecurity and
when operated appropriately can also contribute to the ‘food stability’ aspect of food security. And
while the definition of food security mentions physical and economic access to nutritious food and
includes ‘food use,’ nutrition requires more than adequate caloric intake. In most instances the intake
of nutrient-dense foods (those with a high concentration of nutrients per calorie) required by young
children or meeting the high requirements during pregnancy or by adolescent girls is often not
specifically considered in food security programming. For cash based transfers to work effectively for
nutrition, nutrient-dense foods must be available at low costs in markets or provided to households
with children that cannot afford to purchase them or cannot access them. Emerging evidence shows
that nutrition impacts are greatest when food security interventions (cash or in-kind) are linked to
provision of specialized nutritious foods [45].
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Conclusion

The number, nature, scale and complexity of humanitarian crises will continue to evolve over the next
decade, particularly related to effects of climate change, poor governance and armed conflict.

There is a great need for finding better ways to execute responses to humanitarian crises, including
nutrition interventions. Part of this is grounded in better programming to prevent malnutrition among
the vulnerable and marginalized people prior to the onset of the crises. On equal level, there must be
greater focus by world leaders on achieving international peace and justice to prevent the marked
increase in protracted situations that have occurred more frequently over the past years and an
investment in stability and human capacity to prevent crises and worsening of situations.

The nutrition response to humanitarian crises should reflect an understanding of the consequences
of effects of the crisis as well as the nutrition situation prior to the crisis not just acute malnutrition.
With the transition of malnutrition, including the increasing problem of double burden in many
countries, the response should focus on the broader nutrition problem. Prevention actions should
ensure optimal nutrient intake, particularly during the first 1000 days, combined with a strong
multisectoral response. Protection and security of children and their caretakers is also fundamental to
an effective nutrition response in humanitarian crises.

Greater investments in nutrition in non-crisis periods are needed. These programs can be expanded—
similar to social protection programs (e.g., Ethiopia) during emergencies or humanitarian crises. Where
these prevention programs do not currently exist, a preventive nutrition response in an emergency can be
the basis for a longer-term approach.

Development of capacity in nutrition, particularly in countries affected by chronic or recurrent
complex emergencies, is essential for the longer term.

Discussion Points

• Describe the different types of humanitarian crises and some of the usual consequences that arise.
• How have humanitarian crises changed over the past 10 years? What appears to be driving these

changes? How might these trends change in the next 10 years?
• Figure 29.1 presents a decision-making framework for nutrition responses in humanitarian con-

texts. Could you mention limitations of this diagram? Describe how additional information on the
nutritional situation might affect the nutrition response?

• What are the critical factors might you would consider in designing a nutrition response in a
natural disaster that has a sudden onset? For a protracted complex emergency?
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Chapter 30
Ending AIDS by 2030: Partnerships and Linkages
with SDG 2
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Learning Objectives

• Understand the cascade of care for HIV—from transmission to retention in care.
• Gain insights into the current political, economic and programmatic environment for HIV.
• Understand the forms and roles of food and nutrition assistance in the HIV response.
• Distinguish different types of HIV-sensitive social protection options for different populations.
• Identify future HIV-related entry points through SDG 2. Compare and contrast with existing food

and nutrition assistance in HIV (learning point #3).

Introduction

Tremendous success has been achieved in the fight against HIV in the last decade. By mid-2015,
15.8 million of the approximately 37 million people living with HIV were accessing treatment;
AIDS-related deaths fell by 42% since its peak in 2004, and the overall new infections had fallen by
35% since 2000 and 58% among children alone [1]. Enabling policy frameworks accelerating the
progress in combating the epidemic have also been successfully implemented. Recent evidence shows
that treatment, particularly early treatment, is not only important for survival, but also a key strategy
to prevent HIV transmission. This has made it possible to discuss ‘the ending of AIDS.’ In fact, the
world has surpassed the AIDS target of Millennium Development Goal (MDG) 6, halting and
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reversing the spread of HIV, and more countries are ‘Fast-Tracking’ to end the AIDS epidemic by
2030 as part of the sustainable development goals (SDGs). The HIV response has averted 30 million
new HIV infections and nearly 8 million (7.8 million) AIDS-related deaths since 2000, when the
MDGs were adopted [2].

Yet, access to effective HIV treatment remains one of the great challenges of our times.
Approximately 22 million people living with HIV do not have access to treatment, and most of them
(over 17 million) do not know that they have the virus. Furthermore, a significant number of people
who are diagnosed to be HIV positive do not start treatment due to low uptake of services and in
places where the 2015 WHO guidelines of test and treat have not yet been implemented; there are
losses between testing and initiation of treatment. Lastly, in sub-Saharan Africa, only 65% of people
living with HIV who are enrolled on ART remain on treatment as assessed after three years [3]. Issues
of access, utilization of services and adherence to treatment continue through the continuum of care
starting at prevention, testing, treatment initiation and long-term retention in care. Issues of retention
in ART programs (also in pre-ART care) and long-term adherence to treatment and care regimens
have not received adequate attention; programs that achieve high retention rates and good long-term
adherence to treatment are needed and can serve as models. HIV/AIDS has claimed 36 million lives
so far; it is the leading cause of death among women aged 15–49 years worldwide; sub-Saharan
Africa is the most affected region, with a small population (12% of the world’s population) but the
highest proportion of people living with HIV (71% of all PLHIV in 2012) [4]. The 2015 WHO
guidelines recommend that ART should be initiated in everyone living with HIV at any CD4 cell
count based on the recent findings that treatment is an important prevention strategy as well as
evidence showing that earlier use of ART results in better clinical outcomes for people living with
HIV compared with delayed start of treatment. However, using those guidelines, only 40% of eligible
people in low- and middle-income countries were covered by 2015 [5, 6].

Treatment is rightly the ‘cornerstone of an effective response.’ Adequate treatment not only allows
people to live longer and healthier, but also curbs the transmission of HIV [7]. More than ever before,
it is now possible to envision a world with ‘zero new infections’ and ‘zero AIDS-related deaths’ given
the progress made on improved treatment. The implementation of the WHO 2010 guidelines for the
prevention of mother-to-child transmission (PMTCT) can reduce the risk of transmission from 35% to
less than 5% when breastfeeding, and from 25% to less than 2% in non-breastfeeding infants [8]. The
rhetoric around ‘the end of AIDS’ is gaining significant momentum. However, to end the AIDS
epidemic by 2030, a ‘Fast Track’ approach is necessary with clear targets for the 5 years until 2020.
The 90–90–90 treatment target states that by 2020, 90% of people living with HIV know their HIV
status, 90% of people who know their status will be receiving treatment and 90% of people on HIV
treatment will have a suppressed viral load so their immune system remains strong and the likelihood
of their infection being passed on is greatly reduced [9].

The UNAIDS Fast Track approach aims to achieve ambitious targets by 2020, including: fewer
than 500,000 people newly infected with HIV, fewer than 500,000 people dying from AIDS-related
illnesses and eliminating HIV-related discrimination [9]. However, in order to reach the Fast Track
goals, the global community needs to look beyond health systems. Findings shared at the AIDS
conference in Durban in July 2016 show the nuances and limitations of ‘treatment as prevention,’ if
the focus is only on the medical aspect of identifying infected people and getting them on treatment.
A large study in KwaZulu–Natal tested 28,000 people in a total of 22 communities every 6 months
(prevalence *30%). In half of the communities, people who tested positive for HIV were offered
medical services and ARVs close to their homes, while in the other 11 communities, HIV-positive
people were only offered ARVs if they met the current government set medical criteria and went to
existing clinics. The trial did not show that ‘treatment as prevention’ reduced infections. One of the
main reasons appears to be only one-third of eligible people availed of medical services or treatment
within the first three months and one-half within the first year. Furthermore, 9% of those that went to
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the clinic opted not to start treatment. Only 43% took up treatment, and there was no change in the
incidence of new infections in the communities [10].

Just as for getting people on ARVs, and retaining them, communities can play an important role in
providing leadership, particularly for key populations that have been left behind such as adolescent
girls, sex workers, men who have sex with men (MSM) and injecting drug users. For example, as the
epidemic among MSM rises across Asia and the Pacific (including China), community-based
approaches will have to alleviate barriers to testing such as real or perceived stigma and discrimi-
nation, including from the health sector or lack of support/fear of the results [11]. Through a better
understanding of ‘barriers’ to testing and treatment, it will be possible to reduce patient loss through
the continuum of care. Global efforts are channeled toward biomedical treatment interventions, while
significant work remains to be done for getting people on treatment and retaining them on care.

Current Context for HIV and Nutrition

HIV

While much remains to be done for the HIV/AIDS response, strategic shifts are occurring in the field
of HIV/AIDS, global health and development in general.

First, we know that strengthening the disease-specific vertical approach for AIDS will not be
enough for successfully combating the epidemic; health systems will need to be strengthened too.
Under the sustainable development goals, HIV/AIDS is incorporated under the health goal, which
includes a specific and ambitious target on ending the AIDS epidemic. However, there is broad
agreement that HIV-sensitive targets and indicators should be included under several goals to ensure
policy coherence and joint action on social, political, economic and environmental determinants of
HIV, including food insecurity, poor health, poverty and inequality. The new strategy highlights that
responding to HIV is a multisectoral issue with linkages to all of the sustainable development agenda.
This is well outlined in the UNAIDS Strategy, where five SDGs have been selected as the key for the
HIV response:

• SDG 3: Ensure healthy lives and promote well-being for all at all ages;
• SDG 5: Achieve gender equality and empower all women and girls;
• SDG 10: Reduce inequality within and among countries;
• SDG 16: Promote peaceful and inclusive societies for sustainable development, provide access to

justice for all and build effective, accountable and inclusive institutions at all levels;
• SDG 17: Strengthen the means of implementation and revitalize the global partnership for sus-

tainable development.

Furthermore, links to other SDGs have also been described [9]. In contrast to the previous
UNAIDS Strategy 2011–2015 which looked at the epidemic at a global level, the updated Strategy
2016–2021 has a strong focus on varying regional, country and city contexts [9].

Second, under the 2015 WHO guidelines, all PLHIV should be on treatment and people will live
longer. HIV is emerging as a chronic disease with a set of new complications and comorbidities that
require sophisticated and integrated systems and expertise for disease management [12]. Deeks et al.
argued for the need to rethink and develop chronic care models for HIV and link HIV treatment
facilities with services for chronic diseases. This will be a substantial challenge in low resource
settings where healthcare systems are already overburdened and usually mainly equipped to handle
acute or disease-specific care. While it is imperative to appreciate the ‘HIV as a chronic disease’
paradigm, it also assumes that people are already accessing and adhering to treatment optimally,
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which is often not the case among the most vulnerable populations. The people most severely affected
by the AIDS epidemic, including young women and adolescent girls, children, migrants and key
populations, including gay men and other men who have sex with men, sex workers, people who
inject drugs, transgender people and prisoners, still face barriers to accessing HIV and health services
devoid of stigma and discrimination [9].

Third, despite ambitious goals and targets for ending the AIDS epidemic by 2030, HIV pro-
gramming is under increasing financial strain for various reasons. AIDS is no longer the central pillar
of many donor ODA strategies. Humanitarian emergencies, such as the Syrian refugee crisis, as well
as the increased immigration to Europe, compete for donors’ ODA funds. International financing for
HIV fell from $8.6 billion in 2014 to $7.5 billion in 2015, with the USA providing two-thirds (https://
blogs.worldbank.org/health). But an increasing share of HIV funding is coming from domestic
sources, accounting for 57% of all HIV-related expenditure in low- and middle-income countries in
2015 (compared to 31% in 2005) [2]. Global health funding is shifting away from large-scale
investment in vertical approaches that target single diseases to horizontal approaches that reinforce
integration of services, maternal and child health programs, primary care and efforts to strengthen
health systems overall.

Concerns have already been raised about the implications related to the rhetoric on the ‘End of
AIDS.’ As eloquently stated in a World Bank blog, ‘advocacy outran science’ to create unrealistic
expectations among donors, policy makers and the public alike that we have what it takes to end the
epidemic [13]. In the absence of a vaccine or a cure for HIV, this epidemic will never end. Even
though there is a trend toward the integration of health in an environment of declining international
financing for HIV/AIDS, it is not the time to lose momentum and reverse the substantial gains made
in this field. New infections have been flat lining at over 2 million annually, and several countries in
Southern Africa still have a prevalence rate of over 20%.

Nutrition

While HIV/AIDS is moving toward health systems integration, food security and nutrition are gaining
increasing traction globally and in national agendas. The United Nations Secretary General’s Zero
Hunger Challenge is aiming to achieve the vision of a Zero Hunger world by uniting around clear,
measureable zero-based targets that would reject inequities and aims to eliminate childhood stunting;
ensure that food is accessible to all and that food systems are sustainable. Concurrently, the Scaling
up Nutrition (SUN) Movement, in 56 countries (in 2016), is galvanizing unprecedented political
momentum, with national governments taking the lead to comprehensively addressing undernutrition
among their populations. The 2013 Lancet Series on Maternal and Child Nutrition has emphasized
the importance of also intervening during pregnancy and pre-pregnancy (adolescence and women of
reproductive age) for improved nutrition outcomes among children. All of these have resulted in
nutrition being front and center of the global agenda. Whereas MDG 1 combined poverty and hunger,
SDG 2, end hunger, achieve food security and improved nutrition and promote sustainable agri-
culture, holistically addresses food security and nutrition.

With nutrition high on the global agenda, funding is following suit. At the Nutrition for Growth
Summit in London in 2013, a commitment for US$ 4.15 billion for directly tackling undernutrition
and an additional estimated $19 billion for improved nutrition outcomes through nutrition-sensitive
investments by 2020 were pledged. The Power of Nutrition, a partnership between the Children’s
Investment Fund Foundation, UBS Optimus Foundation, the UK Department of International
Development, UNICEF and the World Bank Group, aims to ‘unlock’ up to $1 billion new private and
public financing for nutrition. It multiplies each new contribution four times and directs it to sup-
porting and scaling up nutrition programming.
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Opportunities Ahead

Given the present HIV/AIDS environment, there seems to be a gap between what is needed to
accelerate progress in order to reach the end of AIDS by 2030 and today’s global financial and
political climate. As described in the UNAIDS investment framework, biomedical interventions and
programs such as voluntary medical male circumcision and emphasis on treatment seem to have the
strongest evidence to reduce transmission [4] and have been the priority for HIV investments. But
important facts are that 22 million people in need are not on treatment; retention on treatment among
PLHIV in sub-Saharan Africa after three years has been reported to be 65%; and only 39% of PLHIV
know their HIV status [3]. One of the reasons for these staggering statistics is that public health
resources are scarce, and as described by Magnani et al., surveillance for HIV has traditionally
targeted the easily accessed populations, which in resource-limited settings includes pregnant women
seeking antenatal care, those seeking medical care for sexually transmitted diseases and potentially
military recruits [14]. A new strategy is required for the so far underserved populations based on
context and ‘knowing the epidemic.’

For such an approach, organizations and programs that raise awareness, promote and destigmatize
testing will be well equipped to reach populations currently not accessed through traditional
healthcare platforms. Existing initiatives, beyond those that are focused on HIV as the primary
interest, should be approached with an HIV lens to assess how they can also support PLHIV or play a
role in the response, either directly or indirectly. Looking ahead, there is a need to fully integrate HIV
in health systems, poverty reduction, social protection and other development sectors. One example,
related to food and nutrition, is that while in the past, nutrition and food assistance programs were
meant to be integrated within the HIV/AIDS response, as per the UNAIDS strategy, today’s envi-
ronment presents a unique opportunity for approaches that focus on making the fields of nutrition and
health, among others, more HIV sensitive (detailed description in the following sections). Programs
with health care, education, poverty alleviation and other goals beyond HIV can play a pivotal role in
targeting the underserved populations.

Another example is PMTCT: It has been acknowledged that the elimination of pediatric AIDS in
the coming years is possible, but this would require an integrated and comprehensive approach. This
means that the HIV/AIDS treatment and care package needs to be integrated with maternal, newborn
and child health care, and family planning services would have to be scaled up substantially [15].

Comprehensively Addressing HIV/AIDS—Treatment and Beyond

The HIV/AIDS movement has experienced enormous success, and it is well positioned to be inte-
grated with other sectors. Greater efforts are needed to ensure the integration of HIV in broad health
and development efforts, including removal of parallel mechanisms.

Kim et al. [16] propose a framework to address the shortcomings in global healthcare delivery by
applying a system-level analysis to care delivery value chains. Their comprehensive approach pro-
poses to not only integrate stand-alone approaches in the shared delivery infrastructure, but also align
these with the local context, including social and economic factors. They emphasize the need for
‘diagonal’ approaches which incorporate effective disease management with improved health systems
versus horizontal or vertical approaches. Their framework includes four components: continuum of
care (from prevention and screening to disease management); shared delivery infrastructure to capture
synergies in required resources and address multiple health problems; understanding barriers at the
community level; and leveraging the healthcare delivery system for economic and social develop-
ment. They use HIV/AIDS in resource-poor settings as an example to illustrate this framework.
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The ‘cascade of care’ and ‘test and treat’ concepts provide a useful framework when considering
integration of HIV in other sectors [17, 18]. However, before undertaking this, current gaps and the
scope of the problem need to be defined. Kranzer et al. [3] have systematically quantified the losses
along the continuum of HIV care, i.e., testing, eligibility for initiating ART, pre-ART care, ART and
long-term retention, recognizing that the pathway may not be a linear process since the patients may
‘cycle in and out of care’ as shown in Fig. 30.1.

Applying the factors proposed by Kim et al. to the continuum of care described above, we present
a framework (Fig. 30.2) that defines individual-, household-, community- and health system-level
considerations in all steps of the HIV cycle of care for a comprehensive response. At each step of the
HIV cascade, from transmission to testing, initiation of ART and up to ongoing treatment and disease
management, it is instructive to analyze individual-, household-, community- and health system-level
factors in order to better prevent losses along the HIV care continuum.

Mugavero et al. [18] have presented a comparable, but distinct framework that shows the complex
interplay between individual, relationship, community, health systems and policy factors as part of a
‘social-ecological’ perspective that impacts the process of engagement through the HIV care con-
tinuum. The authors use the framework to make a case for reforming the fragmented healthcare
delivery system for HIV in the USA that is wrought with gaps and problems such as limited patient
surveillance, lack of linkages between testing and medical services or support services that may be
enabling for individuals to remain in care such as substance abuse treatment facilities and housing
assistance, funding (e.g., insurance, government programs) and provider reimbursement. The ‘case
management’ for PLHIV is multifaceted and multidisciplinary. If there are existing gaps in
resource-rich settings, then these issues are only exacerbated in resource-limited settings.

Fig. 30.1 Losses along the HIV continuum of care. From Kranzer et al. [3] (Creative Commons)

670 D. Mehra et al.



Our proposed framework (Fig. 30.2) draws on the considerations presented by Mugavero and
colleagues, but presents a simple matrix so that each level can be parsed out throughout the care
continuum to serve as a model for assessing current initiatives and identifying gaps for future
programming in any given context. Although the model presents a holistic framework to address the
complexities of the HIV/AIDS response, it is by no means an exhaustive list of considerations. The
4 × 4 matrix is meant to serve as a conceptual model that can be used to operationalize various
aspects within a program as well serve as a point of reference to assess where there are gaps for how a
particular program fits in the larger HIV/AIDS response. The framework is meant to be flexible and
adjustable based on the context and ‘knowing the epidemic.’ For example, health system-level
strengthening is more impactful for PMTCT versus the focus on individual-level issues for injecting
drug users in areas of concentrated epidemics.

The framework is designed to provoke precise thinking and definitions for loosely used termi-
nology or catchall phrases such as ‘community’ or ‘stigma’ or ‘social norms.’ For example ‘com-
munity’ may refer to the immediate geographical vicinity of where PLHIV may reside, but it could
also mean virtual communities [19] or community support groups built around treatment facilities, if
these happen to be away from where someone lives. Similarly, stigma could be present at the
individual, community and policy levels (shown only at individual level in the framework, Fig. 30.2)
impacting the testing, pre-ART care and ART adherence stages in the HIV cascade. Understanding
and defining these concepts in a precise manner allows the identification of enabling (or disabling)
factors that ultimately impact good HIV outcomes and support disease management. For example,
understanding how communities can be effectively leveraged to support health systems and services

Fig. 30.2 Framework for HIV programming through the cascade of care: considerations at individual, household,
community and health systems levels. From Mehra et al. [37]. Reprinted with permission from CRC Press
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can be very powerful for not only reducing some of the burden on the health systems, but also making
linkages with ‘hard-to-reach’ vulnerable populations.

Lastly, this framework encourages simultaneous thinking on supply and demand side enablers and
barriers. To date, supply side or biomedical treatment-focused interventions have been the emphasis.
However, given that there is still much to be done, including ensuring that people know their status,
eligible people start treatment, people on treatment are retained, and the most vulnerable are being
reached, going forward, provision of treatment alone will not be enough; addressing the demand side
and uptake factors will be equally important. The lack of focus on the demand side factors is evident
in UNAIDS’ investment framework, where the ‘critical enablers’ and ‘synergies with the develop-
ment sectors’ have not been fully operationalized, at least in terms of guidance for programming [20].
This has led to a vicious circle: the enablers and barriers in the investment framework were not
precisely defined likely due to the lack of robust evidence, and now HIV funding and programming,
which is based on the investment framework that has a biomedical/treatment focus, further precludes
gaining expertise and generating evidence in this area.

Application of the Matrix Framework

HIV Transmission

At the individual and household levels, several factors may be responsible for HIV transmission.
Given that transmission is inextricably linked to poverty and inequality, low socioeconomic status
and food insecurity could easily result in resorting to risky coping behavior such as unprotected
transactional sex [21]. Women are particularly vulnerable in this situation due to systemic gender
inequality, which may also hamper their negotiating power to use condoms. Education has been
associated with a lower risk of acquiring HIV infection. Education also impacts an individual’s
knowledge of HIV/AIDS as well as attitude toward medical care, appreciation of the importance of
preventative care and general well-being.

Community-level factors are equally important. These include the external political environment,
local policies and laws, in addition to cultural beliefs and attitudes within a community. Cultural
norms can determine local laws and, in turn, may perpetuate disabling environments which fail to
address HIV. For example, stigma against MSMs or IDUs may result in punitive laws that would
likely fail to curb transmission and lead to concentrated epidemics. Community-level considerations
may also extend to the local attitude toward preventative behaviors, use of health systems/medical
care as well as availability of risk reduction facilities within communities, e.g., availability of con-
doms, syringe exchange, planned parenthood, resilience building safety nets (to reduce risky coping
behavior) that link with health facilities.

Health systems can play an important preventative role. PMTCT, identification of high-risk
individuals and counseling would heavily rely on healthcare facilities as the ‘point of contact.’

HIV Testing

Only 39% of people infected with HIV are aware of their status [3]. Therefore, it is important to
understand the existing barriers for people to get tested. This can be examined both from the supply
side and the demand side. On the supply side, the provision of quality health systems and facilities are
at the core. But the availability of appropriate health systems (and community health workers) and
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facilities depend on resources within a society. Furthermore, types of available health services also
depend on the level of awareness, attitudes and cultural beliefs within a community.

Only addressing the availability of health systems provides no guarantee that it would alleviate the
problem of low testing. Analyzing the demand side is equally important. Individual-level factors such
as socioeconomic status including food security, physical health, mental well-being, knowledge and
perception of stigma based on cultural beliefs can all act as barriers to HIV testing. The most
important community-level barriers may be cultural beliefs, attitude and stigma associated with HIV.
This would determine the level of support that can be provided in a community such as support
groups and counseling centers. In addition, the cultural beliefs can also be reflected in enabling or
punitive local laws and policies.

Pre-ART Care

In the continuum of the HIV care pathway, under the 2013 WHO guidelines testing is followed by
assessment of eligibility for ART for those who are diagnosed with HIV. Those eligible for ART
should initiate treatment, and those not yet eligible must remain in pre-ART care. Pre-ART is the time
period between when a person is tested positive for HIV until when he/she becomes eligible for ART.
However, given revised guidelines in 2015 everyone living with HIV at any CD4 cell count should
initiate ART. Until these guidelines are widely used globally, there may still be a period where people
are in pre-ART care, which has programmatic implications. This includes three groups: (1) those who
have been tested for their CD4 count know their result and are not yet eligible for ART, (2) those who
have been tested for their CD4 count but do not know the result and (3) those who have not yet been
tested for CD4 count but have been diagnosed with HIV. Under the new guidelines, a revised
classification for this group could be defined as follows: those who have tested positive for HIV and
are hence eligible for ART, but who have not yet initiated ART. This would also include the group of
people (under the old guidelines) who have tested positive and are found to be eligible for treatment,
but for whatever reason have not (yet) initiated treatment. This would add a fourth group to the
‘pre-ART’ classification. With the older guidelines, the length of the pre-ART period for the second
and third groups could vary depending on the delay between testing positive for HIV infection and
obtaining the CD4 count results. A later diagnosis could mean a lower CD4 count and hence a shorter
pre-ART period.

Once a person has been tested for HIV, the barriers related to testing, described above, have been
overcome. Where the 2015 guidelines are being implemented, testing positive would immediately
result into initiating ART, regardless of CD4 count. For places where the 2015 guidelines have yet to
be applied, there may be significant challenge in keeping people in pre-ART care [22], despite the fact
they have already had some point of contact with the health system, and in theory could enroll and be
retained in care immediately after diagnosis. Where applied, the test and treat approach will eliminate
several issues related to ART care. Evidence from sub-Saharan Africa from before the 2015 guide-
lines shows that among those who knew their status, only 57% were assessed for ART eligibility—
which means that over 40% of people were lost between the diagnosis and determining their eligi-
bility for ART initiation and of those who were assessed and found eligible, 66% started ART, and of
those not yet eligible, only 45% remained in pre-ART care [3].

Until the 2015 guidelines are universally implemented, despite the availability of health services
(supply side), individual-level circumstances including discomfort related to the HIV infection and/or
unwillingness, whether socioeconomic or stigma/perception related, are playing an important role in
‘retention in care’ losses. The pre-ART period is complicated from a programmatic perspective. The
length of this period is extremely variable and dependent on many factors; starting with the avail-
ability of healthcare resources, but also strongly influenced by individual- and household-level
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barriers to accessing care. Significant losses are occurring in the pre-ART care period, where there is a
substantial failure in linking people from diagnosis, to pre-ART care and eventually to ART. The new
2015 guidelines are a critical step in preventing losses during this step.

ART Initiation and Adherence

Initiation of ART largely depends on the success of retaining people in pre-ART care, although ‘test
and treat’/new WHO guidelines also provides a good model that can be effective in initiation and
bypassing the issues related to pre-ART care. Once PLHIV start treatment, adherence is critical for
successful outcomes. There are several demand and supply side factors that play an important role not
only for starting treatment, but also for adhering to treatment regimens; these need to be appreciated
more fully by healthcare providers and policy makers alike. ‘Supply side’/healthcare facilities or
availability and type of treatment/medication options are of prime importance and have rightly
occupied a central focus in the HIV response. But this not enough, as shown by the negative outcome
of the ‘treatment as prevention’ trial in KwaZulu-Natal, South Africa, where uptake of treatment
among eligible people, even when readily available, was very low. In addition, as people are on
treatment for life (spanning up to decades of treatment for young people starting treatment), adher-
ence to treatment is equally important. Evidence shows that there are significant losses during this
phase and therefore there is a need to understand ‘demand side’ barriers more carefully.

At the individual level, barriers can be economic, psychological and physical. Competing demands
on scarce resources and poverty-related barriers such as food insecurity, homelessness and lack of
means of transport all negatively impact adherence. Psychological preparedness, stigma and side
effects related to medications also deter individuals from adhering to treatment. Factors at the
household level may serve as additional ‘demand side’ barriers. These may include availability of
support, interpersonal relationships, attitude toward health care, knowledge of disease, food security,
sharing of medication or any form of support received through the government. The community can
create an enabling environment that supports adherence. These may include provisions such as
support groups, community counseling, food centers and government safety net programs for affected
households and a community’s knowledge, cultural beliefs and stigma. On the supply side, there are
several aspects that can be strengthened beyond the provision of medication. Psychological support,
counseling, management of comorbidities and side effects, emphasis on general wellness, therapeutic
or supplementary nutrition support may all have an impact on supporting PLHIV to remain on
treatment. The long-term costs of people on lifelong ART is an important consideration for health and
national systems as PLHIV are living longer and have an increased risk of other chronic diseases [23].
Studies have shown that the risk of liver disease, cardiovascular disease and non-AIDS-related
cancers are higher among PLHIV compared to the general population [24]. However, overall, ART is
cost-effective as PLHIV on ART can continue to be active in the workforce [25].

Food and Nutrition in HIV Infection

Nutrition and HIV Infection

Nutrition is important at all stages of HIV infection (see also Chap. 20 on HIV and Nutrition by
Paranandi and Wanke). HIV affects the immune system, which increases the risk of infections, which
increases nutrient needs and at the same time increases nutrient losses and reduces nutrient intake and
absorption. This deteriorating cycle can be reduced and reversed using a combination of medical
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treatment (biological aspect, addressing infection) and food and nutrition support (biological aspect,
supporting the body and the immune system, and behavioral aspect, supporting treatment initiation,
adherence and retention).

Nutrition and ART

In resource-limited settings, the HIV epidemic is often highest where malnutrition is already
prevalent. Many patients first present to the clinic malnourished and with an advanced stage of
disease, and malnutrition is also associated with high mortality in the early months of treatment
[26–28]. The faster nutritional recovery can be achieved through ART and nutritional support, the
greater the possible reduction in mortality.

As PLHIV recover and stay on lifelong treatment, adequate nutrition remains important, but the
nature of nutrition challenges becomes more related to non-communicable disease (NCDs) (see
Chap. 20). While many PLHIV may have been at risk of these conditions irrespective of their HIV
infection, the suppressed infection as well as ongoing treatment may further increase their risk [29].
A healthy diet can contribute to managing these conditions, and regular monitoring is important. In
more affluent societies, food-insecure people have a higher risk of a poor-quality diet, which increases
their risk of NCDs [30].

The negative impact of HIV infection on nutritional status can be halted by ART and treatment of
opportunistic infections (OIs), but for nutritional status and health to improve, people will also need to
consume a balanced diet that provides the required nutrients.

An adequate nutrient intake is essential to all PLHIV before and during ART, and during early as
well as later phases of treatment, in any setting. For this reason, nutrition education as well as regular
assessment of nutritional status, food consumption practices and counseling tailored to individual
needs is important for all PLHIV. In addition, some PLHIV may require specific food and nutrition
support to treat malnutrition, i.e., rebuilding tissues (muscle mass and fat mass) and restoring bodily
functions, ensure adequate nutrient intake to maintain health and nutritional status and/or support
continued access and adherence to treatment and care. Where PLHIV cannot access adequately
nutritious commodities, these can be provided in-kind or in the form of commodity-specific vouchers.
Most care and treatment programs that include a nutrition component provide nutrition assessment
and counseling, and where food support is provided, this is prioritized for malnourished PLHIV
starting ART.

Enablers play an important role in increasing ART uptake and initial adherence, and as such are
important for promoting universal access to treatment.Whether or not food and nutrition support have an
impact on treatment success depends on many factors such as the context, clinical status of the indi-
vidual, disease progression, adherence to treatment, type of food supplement and nutrient intake [31].

Applying the Matrix Framework to Food and Nutrition Assistance—
Opportunities for Programming

As described in the beginning of the chapter, HIV in the coming years will likely be integrated in
many sectors, and therefore, it is critical to look at food and nutrition interventions beyond just food
assistance and within the broader context of structural interventions. The proposed framework
(Fig. 30.2) provides a systematic way of thinking through nutrition and food assistance interventions
in a holistic way; these could be HIV specific or sensitive. Figure 30.3 illustrates food and nutrition
interventions at the community and health systems levels throughout the HIV continuum of care.
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Four main areas of focus emerge: food security and nutrition for adherence and retention in care;
social protection linkages, e.g., livelihood support relevant for all stages within the HIV continuum of
care; key populations; and an emphasis on linkages with sexual and reproductive health and maternal,
newborn and child health.

Role of Food Security and Nutrition for Adherence

Realizing that food insecurity and poverty are important barriers to seeking a diagnosis and to starting
and adhering to care and treatment, several programs provide food assistance to food-insecure PLHIV
[32], which basically offset the opportunity costs of accessing treatment and compensates for the loss
of income and livelihood following prolonged illness. This type of support often comes in the form of
foods for the family, such as staple foods, beans or lentils, and vegetable oil, but may also come in the
form of vouchers for foods or transport, or as cash. It is important to note that when PLHIV receive
nutritious foods for treating malnutrition, this also supports their adherence to care and treatment.

The role of food security and nutrition as related to adherence to treatment and retention in care has
been extensively reviewed by de Pee et al. [32]. Conditional food assistance among food-insecure
populations was found to be an effective strategy for improving adherence. In a number of studies
reviewed, food assistance was conditioned upon visits to clinic or pharmacies. As discussed by the
authors, food assistance and nutrition support play a dual role for HIV: a biological intervention
and/or an enabler to modify behavior that impacts adherence to treatment. While the biological

Fig. 30.3 Food and nutrition interventions at the community and health systems levels throughout the HIV continuum
of care. From Mehra et al. [37]. Reprinted with permission from CRC Press
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intervention aspect is covered by health systems, the enabling environment created by food assistance
takes place in the communities of PLHIV (Fig. 30.4). But the interaction and overlap between health
systems and communities are imperative since treatment is for life, and health systems are signifi-
cantly under-resourced and over-stretched. With regard to food support and nutrition, for instance,
communities or CHWs can play a role by identifying malnourished PLHIV and conducting Nutrition
Assessment and Counseling (NAC) based on criteria established by clinicians. In turn, health systems
can link vulnerable PLHIV to safety nets that include a food assistance component (completing the
service to NACS—for Support). An example of such a program is described below.

Focus on Social Protection—Adherence and Transmission

PLHIV are often temporarily unable to earn a living and can find themselves in a situation of
economic shock that is often also associated with the healthcare costs. The impact on the most
vulnerable populations is many fold worse. This situation can quickly lead to increased food inse-
curity, forgoing treatment, selling off assets or sending children to work instead of school. Food and
nutrition assistance is therefore an essential part of a comprehensive HIV treatment and care package.
But one of the concerns for food assistance programs has been the issue of sustainability as food
support for PLHIV and their families can be very costly. There is increasing interest in exploring
options to link PLHIV with economic strengthening activities and livelihood support once they

Fig. 30.4 Food and nutrition interventions impact adherence to treatment through behavioral and biological pathways:
linkages between roles of communities and health systems. From Mehra et al. [37]. Reprinted with permission from
CRC Press
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graduate from food support, which is often linked to having recovered from malnutrition. These
programs could be specifically for PLHIV or in the form of enrolling in general social protection
schemes within a country.

In an initiative funded by multilateral donations and PEPFAR, WFP supports the Ethiopian Health
Sector to conduct NACS for acutely malnourished PLHIV in the most underdeveloped regions of the
country. During the early treatment period, food-insecure families of malnourished PLHIV receive a
monthly voucher or cash allocation. Following recovery of nutritional status, clients transition from
the monthly voucher or cash support to an economic strengthening program (ES), where they are
trained to run a small business to boost their food security and prevent them from re-lapsing into
malnutrition. During the initial period of the ES program, food-insecure PLHIV also receive a
monthly food voucher or cash. In addition, food-insecure HIV-positive pregnant women as well as
orphans of PLHIV receive a monthly food voucher or cash, conditioned to the adherence to PMTCT
services or school attendance, respectively. Ethiopia’s national HIV and AIDS authority (F/HAPCO)
oversees services run by health facilities, community organizations and consumer associations. The
food support component is funded by the Network of PLHIV (NEP+).

With regard to HIV transmission, it has been found that social protection (cash transfers) can play
an important role in addressing ‘structural drivers’ associated with HIV infection risk such as poverty,
food insecurity, lack of education [33]. Randomized controlled trials (RCTs) conducted in Tanzania
and Malawi showed that cash transfers (conditional or unconditional) to adolescent girls were
associated with lower risky behavior such as a reduction in age-disparate sex/‘sugar daddy’ phe-
nomenon, lower HIV prevalence and higher proportion of negative results on tests for sexually
transmitted infections [34, 35]. These RCTs were carefully implemented by researchers and their
partner organizations, and the impact that was found has also been corroborated by national or
government social protection entitlements. In South Africa, Cluver et al. examined the impact of the
child support grant on various risky behaviors among adolescents such as prevalence of transactional
sex, age-disparate sex, unprotected sex [36]. The household receipt of the child support grant was
found to be associated with reduced incidence of transactional and age-disparate sex, showing that
these transfers can reduce risky behavior by adolescent girls [36].

Focus on Key Populations

UNAIDS’ new strategy, embedded in the SDGs framework, is a testament to the new realities of the
AIDS epidemic and calls for a new phase in the response. To achieve the goals of the SDGs, the
response has to ensure that people who have been thus far ‘left behind’ due to growing poverty and
inequality, migration and humanitarian crises are all included in the response. High-risk populations,
including key populations (people who inject drugs, transgender people, prisoners, gay men and other
men who have sex with men and sex workers) and other vulnerable groups such as adolescent girls
who are disproportionately affected by HIV/AIDS must receive special attention in the AIDS
response. While HIV-sensitive social protection interventions have the capacity to impact transmis-
sion and adherence, these programs often do not reach key populations who are often marginalized,
sometimes criminalized and live in contexts of increased poverty, financial instability and social
exclusion.

Most of the barriers related to key populations are not rooted in the health systems, but have to be
addressed at the individual, household and community levels. Enabling environments, devoid of
punitive laws and discriminatory policies toward key populations is the first step. Next, all linkages
between communities and health systems for effective interventions have to be made using an
equality and human rights lens, with a particular focus on sexual and gender minorities.
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Focus on Maternal Newborn and Child Health

Since 2000 (until 2015), over 70% of women have received ART to stop MTCT, a noteworthy
achievement, given that only 36% of women received treatment in 2009 and only 1% in 2000.

In order to further reduce the number of new infections among children, linkages of preventative
strategies such as family planning services with reproductive health services (antenatal care, post natal
care) along with access to HIV testing, treatment and counseling and a deeper understanding of
demand side barriers will be essential.

There is an opportunity to leverage MNCH programs and a role for community engagement for the
integration with health systems. Looking beyond traditional service delivery, an interesting example
is the Philani Child Health and Nutrition Project serving the informal settlements in the Eastern Cape,
South Africa, home for close to 1 million people. The community-based non-governmental organi-
zation provides basic child health and nutrition to communities wrought with poverty, unemploy-
ment, poor housing, child malnutrition and diseases. Philani programs incorporate home-based care,
antenatal programs, nutrition support and counseling and skills training (livelihood support). There
are approximately 30% HIV-positive pregnant women in Philani’s target communities (in 2014), and
therefore, all their programs have an HIV lens when providing education, care and support.

From a perspective of community/health systems linkages, two aspects are noteworthy. First, there
are opportunities in resource-limited settings to establish referral loops between communities and
health facilities. Philani’s ‘mothers-to-be’ and ‘mentor mothers’ programs provide support to women
during and after their pregnancies to ensure good nutrition for them and their children. The com-
munity workers (chosen from the same communities and trained) are active in referring the women
and children to appropriate health services as needed. In turn, the local health facilities/doctors may
also refer discharged patients to the community workers for follow-up monitoring and provision of
care. Second, despite the present efforts, much more can be done for PMTCT and pediatric HIV by
leveraging the outreach of community workers to actively look for pregnant women and monitor
children. Philani’s experience shows that often they are the first point of contact for HIV-positive
children and their mothers and for HIV-positive pregnant women in the communities they serve and
are then able to link them to local health services for treatment. Nutrition and child health are entry
points for Philani’s programs.

Conclusion

While it is now possible to envision a world with ‘zero new infections’ and ‘zero AIDS-related
deaths,’ based on significantly improved treatment, which also underlies the rhetoric around ‘the end
of AIDS,’ much remains to be done. Under the revised WHO guidelines, over 22 million PLHIV who
are eligible for ART do not have access yet and 17 million people do not yet know that they are
infected. A large number of eligible people in need of ART do not start treatment because of low rates
of testing, and losses that occur between the diagnosis of HIV and initiation of treatment. Issues of
retention in ART programs and long-term adherence to treatment care regimens have often been
ignored. Therefore, programs that achieve high retention rates and good long-term adherence are
needed and can serve as models for other programs.

The successes achieved and lessons learned now will pave the way for future work in the field of
HIV/AIDS. Emphasis on girls and women and key populations, in addition to integrating HIV care in
health systems, will have to be the focus. While treatment needs to play a central role in the response,
if truly getting to ‘zero new infections’ is the goal, demand side barriers such as poverty, food
insecurity, stigma and perceptions need to be carefully understood and overcome. Opportunities of
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integration beyond health systems, i.e., with national social protection schemes, child grants,
livelihood support and resilience building are essential in ensuring sustainability and adherence to
care and treatment. The role of social protection contributing to HIV prevention needs to be further
leveraged. Transfers/social assistance has the ability to reduce food insecurity along with other
poverty-related drivers of risky sexual behavior, which is particularly relevant for key populations
such as adolescent girls. Partnerships (the focus of SDG 17) have been the key to the successes
achieved so far, and partnerships will be instrumental in continuing to address the epidemic going
forward.

Discussion Points

• Explain why the linkages between communities and health systems will be essential for reaching
the End of AIDS by 2030.

• Discuss the possible forms and roles of Support in addition to Nutrition Assessment and
Counseling (i.e., expanding NAC to NACS).

• Discuss the scalability, affordability and sustainability of HIV-sensitive social protection.
• What demand and supply side interventions can help reduce transmission of HIV among ado-

lescent girls?
• Apply the matrix framework (Fig. 30.1) in the context of emergencies (e.g., natural disaster,

conflict, refugees camps).
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Chapter 31
How Urbanization Patterns Can Guide Strategies
for Achieving Adequate Nutrition

Sunniva Bloem and Saskia de Pee

Keywords Nutrition � Urban development � Food security � Equitable growth � Obesity
Learning Objectives

• Review urban development history and its relationship with agriculture and food system
development.

• Explain how recent urbanization trends differ from the past and their implications for food and
nutrition security.

• Analyze how city size affects urban food systems, nutrition and poverty.
• Identify what factors besides rural food production can affect urban nutrition.

Introduction

City nutrition problems have largely been ignored by the development community since undernu-
trition rates have typically been higher in rural areas. Although lower, urban undernutrition rates are
still high, with one in four children under the age of five being stunted [1]. Furthermore, there is a
growing epidemic of obesity in cities. This epidemic has caused a large shift, including in low- and
middle-income countries (LMICs), toward an increased burden of non-communicable diseases such
as type II diabetes. Almost two-thirds of people living with diabetes live in cities [2]. By 2030, there
will be 2.5 billion more urban inhabitants, mainly flocking to cities in Africa and Asia [3]. Both
improved nutrition and sustainable cities have been included as key goals in the new sustainable
development goals (SDGs). Goal 11 is to make cities inclusive, safe, resilient and sustainable, and
Goal 2 is to create nutritious and sustainable food systems. However, the connection between these
two goals and the rest of the SDGs has not been made clear yet. This chapter illustrates how policy
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makers and program implementers can design better nutrition strategies by analyzing past and current
urbanization trends, seize the opportunity of growing cities, particularly those of medium size, and
analyze dynamics between food production and access, including infrastructure, markets, global
supply chains, local production and rural–urban linkages.

Achieving the Sustainable Development Goals

The individual goals of the SDGs should not be seen in isolation but instead in a comprehensive
framework that acknowledges the linkages between all of them (Fig. 31.1). Improving the nutrition of
all city inhabitants, especially the urban poor, is essential to achieve good health and well-being
(SDG3), reduce inequalities (SDG10) and promote peace, justice and strong institutions (SDG16).
Good nutrition reduces morbidity and mortality and can prevent conditions such as neural tube
defects. Furthermore, if children do not get the right amount of proteins, vitamins and minerals in the
first 1000 days of their life (from conception to their second birthday), they are at risk of reduced
cognitive development, which affects them throughout life in terms of poorer performance at school,
and lower productivity and lower incomes as adults, as well as increased risk of non-communicable
diseases [4]. Improving the nutrition of the most vulnerable city dwellers, especially in the first

Fig. 31.1 How sustainable development goals support and benefit from good nutrition
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1000 days, can have enormous impacts on reducing inequality. Urban children from the poorest
quintile are twice as likely to die and three times as likely to be stunted than children from the richest
quintile [5]. Providing the urban poor access to healthy foods also has the potential to reduce conflict
and political unrest, as food insecurity and high inequality are the cause of many political protests.
For example, the 2008 Global Food Crisis led to food riots and protests, mainly in cities, in over 43
countries around the world. These protests led to the Arab Springs in 2010, the dismissal of the Prime
Minister in Haiti in 2008 and violent protests in countries such as Burkina Faso, Cameroon, Cote
d’Ivoire, Guinea, Honduras, Indonesia, Kenya, Malaysia, Mozambique, Pakistan, Russia, Senegal,
Thailand and Yemen [6, 7].

Ensuring everyone can access quality education (SDG4) and decent work in order to stimulate
economic growth (SDG8) and eliminate poverty (SDG1) are key steps to improve urban nutrition.
Unlike their rural counterparts, urban citizens are more likely to purchase the majority of the food
they consume. Furthermore, the urban poor are also more likely to be employed in the informal sector
in vulnerable jobs with low and unstable pay. Thus, through better education and higher and more
stable income, they would be more likely to have the knowledge and means necessary to purchase
healthy, nutritious, foods. Additionally, improving the nutrition of poor urban citizens early on in
their life can be a great tool to improve educational levels attained by urban populations as they will
be better able to learn by the time they start school. This increases their chances of finding decent
work and escaping the poverty trap.

Realizing gender equality (SDG5), clean water and sanitation (SDG6), affordable and clean energy
(SDG7) and improved infrastructures (SDG9) all help improve urban nutrition. However, rapid
urbanization can both enable and disable progress toward these goals. We need to design cities in a
way that enables the achievement of these goals in a nutrition-sensitive manner. Many women who
move to cities feel more empowered than in rural areas, even when inequities still exist. We need to
accelerate women’s empowerment and reduce gender inequalities. Women who are in charge of their
household’s resources are also more likely to invest in their children’s nutrition. Empowering ado-
lescent girls can help delay early marriage, improve their nutrition and increase the likelihood for
mothers to give birth to healthy babies. Rapid urbanization in low-income nations has led to many
poor urban dwellers moving to slums with poor water and sanitation, little access to energy and poor
infrastructures. Improving informal settlements can allow urban residents to be less at risk of diseases
such as diarrhea, which reduces nutrient uptake. Furthermore, when households and businesses
frequented by poor residents have access to, preferably clean, energy they are also more able to access
fresh nutritious foods through refrigeration technologies. Additionally, improving transport infras-
tructures through roads and public transport can reduce traffic congestion and thus food waste.
However, all of these factors are also affected by economic development and education which in turn
are affected by nutrition.

The global goals of consuming and producing in a responsible manner (SDG12), sustainably using
the oceans (SDG14), sustainably managing forests and land and halting biodiversity loss (SDG15)
and mitigating climate change (SDG13) highlight that we must improve urban nutrition in a sus-
tainable manner. Good nutrition is associated with a diverse diet, which is resource intensive. If the 5
billion people living in cities by 2030 are to access healthy, nutritious, foods such as fish, chicken,
fruits and vegetables, we must make food production more efficient and green. The food system
contributes 19–29% of total greenhouse gas emissions and half of that is after the food has left the
farm [8]. We have to connect cities with surrounding farmlands in more efficient manners and find
innovative production, distribution and storage techniques. This can reduce the impact of the entire
food system on climate change and environmental degradation while still improving nutrition of the
cities’ poor. In order to achieve these global goals, the status quo needs to be altered. It is, therefore,
that SDG17 highlights the importance of building global partnerships. The global goals are interre-
lated, and creating multi-stakeholder partnerships is essential to achieving them. This is clearly
evident when evaluating how to improve urban nutrition.
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Urbanization Patterns

The rapid rate of urbanization in Asia and Africa is unparalleled. Cities in East Asia grew to
population sizes in 10 years that it took half a century for European cities to attain [9]. The world
reached a historic land mark in 2008 when the population became predominantly urban versus rural.
Two-thirds of the global population will be urban by 2030, and 90% of that growth will take place in
LMICs [3].

Nearly half of the urban population lives in small-sized cities, and one in eight people in the world
live in the globe’s megacities (see Table 31.1 for number of people of different-sized cities) [3]. There
are currently a greater number of megacities located in Africa and Asia than in any other region in the
world. However, the fastest growing cities in these regions (in terms of proportional increase) for the
next 15 years will be large-sized cities with populations under 5 million and medium-sized cities [3].

Cities are sometimes characterized as the enemy in development. Over two-thirds of greenhouse
gas emissions and global waste are created by cities despite them only inhabiting 2% of global land
[10]. Rapid urbanization and limited planning and housing has led 828 million people to move to
slums [11], and this figure could rise to 2 billion by 2030 if actions are not taken [12]. However, cities
should also be seen as a great opportunity. They can generate enormous amounts of wealth and
economic growth (70% of global domestic product) [9]. Every country in the world that is classified
as high income is highly urbanized. Thus, the question policy makers should ask is not how to
prevent further urbanization but instead how to make urban growth more equitable and sustainable for
the cities themselves and their surrounding hinterlands?

Considering the majority of the large urban infrastructures of the swiftly emerging cities in LMICs
will be built in the next two to three decades [9], it is clear policy makers must answer this question
now. This can be done by analyzing urban development history of high-income countries and larger
cities that have already developed in LMICs, urbanization trends, globalization, rural–urban linkages,
innovative new technologies and putting both an environmental lens and a poverty alleviation lens,
including health, on all initiatives. Medium-sized cities have been found to potentially generate more
equitable growth than other sized cities, and they are also one of fastest growing cities. This chapter
will outline why seizing the opportunity today with these medium-sized cities and ensuring they
develop in a more effective manner can help create healthier and better nourished urban populations.

Nutrition Analysis of Cities

Global Nutrition Status

Whether it be overweight and obesity or undernutrition or both (termed the double burden of mal-
nutrition), almost every nation is dealing with a nutrition problem according to The Global Nutrition
Report [13]. Poorer nations are particularly at a disadvantage as they tend to be the countries that
suffer from the double burden of malnutrition. Almost 2 billion adults are overweight or obese, thus
bringing rates to epidemic proportions. These proportions are currently only rising and not decreasing

Table 31.1 City size classifications

Type of city Population size

Megacities >10 million

Large 1–10 million

Medium 500,000–1 million

Small <500,000
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[13]. Furthermore, overweight and obesity are drivers of non-communicable diseases such as car-
diovascular disease and type II diabetes and 66% of people with type II diabetes live in cities [2]. One
in four children and adults were stunted during their childhood and 159 million children currently are
stunted despite rates having decreased during the past 15 years [14]. “Hidden hunger,” i.e., defi-
ciencies of vitamins and minerals, affects almost 2 billion people, including people with undernu-
trition as well as people with overweight or obesity. This malnutrition does not just have implications
for the health status of billions but also has severe economic costs. Medically treating obesity and
associated diseases can consume up to 1/5 of healthcare budgets, while in LMICs preventing mal-
nutrition by investing one dollar can deliver up to a 16 dollar return [13].

Global Urban Nutrition Status

The nutrition of poor city dwellers in LMICs, however, has for a long time been ignored and has
predominantly been considered a rural issue [15]. This is due to a range of factors. The high level of
inequality in cities and predominance of statistics calculating the average wealth and well-being of
residents has led to a neglect of the plight of the urban poor in general by the development community
and led to a focus on a perceived more vulnerable, poor rural base. However, many low-income urban
residents can be as disadvantaged and in some cases more disadvantaged than their rural counter
parts. Furthermore, gathering data that capture the diversity among the urban population is more
complex compared to collecting representative data in rural areas. This has made understanding the
nutrition problem in cities particularly difficult. However, new evidence has shown that despite rural
rates being higher (around one in three), one in four under-fives in cities still suffer from stunting.
Stunting rates in South Asian cities are as high as 39% (rural rates are 49%), and in sub-Saharan
African cities, they are 30% (rural rates are 39%) [1]. Furthermore, those who are affected by stunting
when they are young are more likely to become obese and suffer from non-communicable diseases as
they get older. This is especially true if they gain access to processed foods that are high in fat, sugar
and/or salt that are relatively cheap and easy to purchase in urban markets [16].

Due to the obesity epidemic facing both rich and poor countries, policy makers have now started to
realize that urban nutrition problems require urgent attention. Cities have become places where people
easily gain weight because they lack public spaces for exercise, promote more sedentary lifestyles and
have food markets and retailers that often sell fried, fatty and unhealthy foods, thus making the
world’s urban areas obesogenic environments [17]. Data from 2010 showed that among South Asian
city dwellers prevalence of obesity was 18% while it was 10% among the rural population and in
sub-Saharan Africa these prevalences were 32 and 16%, respectively [18]. Global diets have changed
and this change has largely been associated with urbanization. Due to easier access to markets, the
industrialization of food and busy city lifestyles with long commutes, people have switched from
traditional diets with more fresh foods to more convenient pre-prepared foods and more long lasting
processed foods that can have high-fat, sugar and salt contents [16, 19, 20]. In addition to these foods
being more convenient, LMICs have weak infrastructures for connecting rural and urban areas, which
makes it more difficult to transport and store fresh foods at a low cost. Furthermore, the production of
fresh foods in rural areas may be limited. Thus, poor urban consumers often find it difficult to access
less processed and more, and a greater variety, of fresh foods. This dietary transition has been a driver
of the obesity epidemic.

While easy access to processed foods high in sugar and/or fats fuels the obesity epidemic, food
processing also offers an opportunity to add value, for example in the form of fortification, to monitor
and ensure greater food safety and to extend shelf life. Greater access to animal source foods and
processed, fortified, foods for older infants and young children in urban areas, including among the
poor, may explain the lower prevalence of stunting in that population (32–34%) as compared to rural
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areas (42–36%) in Indonesia between 1999 and 2003 [21]. In Bangladesh, stunting prevalence among
under-fives in urban slum areas between 1990 and 2000, however, was higher (76–62%) than among
rural children (71–55%) [22]. This difference between Indonesia and Bangladesh may possibly be
explained by the different level of development of the two countries in the specific time periods,
which greater availability and access to animal source and processed foods in urban areas of
Indonesia as compared to Bangladesh, and possibly also by different water, sanitation and hygiene
situations of slum dwellers in both countries during those periods.

Consumption Trends in Cities

One distinguishing factor that separates urban food and nutrition security from rural areas is the
importance of food purchasing. Despite the existence of urban agriculture, city dwellers are less able
to produce their own food and spend up to 70% of their income on food in low- and middle-income
countries. This makes them and their nutritional status particularly vulnerable to price and income
shocks [15, 23, 24]. Low-income city dwellers of low- and middle-income countries can be more
foreign trade dependent for their food purchasing and are thus more affected by global price shocks.
When prices are volatile, the quality of the diet suffers because in times of high prices families often
have to replace more nutritious foods with cheaper staples that provide fewer essential nutrients. For
example, the prevalence of anemia among children in urban areas in Indonesia increased after the
1998 Asian economic crisis because the quality of their diets reduced [25].

In addition to the obesity epidemic, global food price shocks have played a big role in bringing
attention to food and nutrition security issues of the urban poor. This is because food price shocks
pose a political security risk. The 2008 global food price shocks have been highlighted as a catalyst
for the protests in the Middle East in 2010 known as the Arab Spring, led to the dismissal of the Prime
Minister in Haiti in 2008 and led to further food riots and protests in over 43 countries across the
globe [6, 7]. Researchers have found that due to globalization and urban resident’s easy access to
these international markets that it is not food shortages per se but rather food access that causes food
insecurity. In order to achieve inclusive urbanization, policy makers must improve access to healthy
and affordable foods [26–28].

To generate the political action necessary and create more effective policies and programs, better
data must be collected to reveal the complexity and severity of urban malnutrition and unearth the
specific dynamics. One reason data have been particularly poor is because low-income city dwellers
tend to inhabit informal settlements and are employed in the informal sector. Data from the informal
economy are particularly problematic to gather because they fall outside of the realm of the “legal”
formal sector. Gathering data on informal food purchasing or food security of people participating in
the informal sector is even more difficult or under-prioritized [15, 29, 30].

In-depth analyses that incorporate factors such as wealth, location, gender and migrant status and
their relationship with food and nutrition security of urban populations are limited. Despite the need
for better data, there have been a number of studies that highlight some general trends. These findings
include the fact that low-income households in cities tend to buy small quantities at a time instead of
larger “bulk” purchases as their income is low and tends to fluctuate and they do not have good
storage capacity. Those who do make bulk purchases tend to do it on a monthly basis and mainly buy
staple foods that have a relatively long shelf life. Both informal and formal markets have started to
cater for the needs of the urban poor consumers. Many small shops and street vendors can be found to
buy large or normal size packages and repackage them into smaller units at a more affordable but
higher than purchasing value price. Larger formal manufacturers have also now understood the
purchasing power of the bottom of the pyramid due to the sheer quantity of customers and also started
making smaller units of their products for retailers such as street stalls to sell to these urban consumer
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groups. With regard to retail, a large proportion of foods sourced by low-income urban citizens of
low- and middle-income countries still tend to come from informal markets. However, this is rapidly
changing as the growth of supermarkets continues to soar in these regions [31]. Another common
place where city dwellers source food is from street vendors that sell ready to eat meals. They are
often located in places of residence (slum areas), near transport or work sites of low-income urban
workers and are considered convenient both in location and because it significantly cuts down on time
to be spent on preparing food by the consumer who can be quite time constrained. Up to 2/5 of a
household’s food budget can be spent on food purchases away from home [30]. Time constraints
affect many people whether in high-, middle- or low-income countries. For example, people in the
USA, a country with one of the highest obesity rates in the world, spend on average only 30 min per
day on preparing meals (including cooking and cleaning), which is the lowest among all OECD
countries. Furthermore, only 51% of the population participates in cooking and cleanup [32].

Southern African Urban Food Security and Consumption Trends
One research institution that has tried to capture food consumption patterns of the urban
residents of southern African cities is the African Food Security Urban Network. They have
found that food insecurity for low-income urban populations can be devastatingly high (up to
80%) [28]. Urban poor households tend to purchase food from a mix of retailers including
informal and formal supermarkets. However, informal retailers are frequented more often for
day-to-day purchases while supermarkets are only sought out by low-income city dwellers once
a month to purchase staples in bulk. Supermarkets located in areas more easily accessible by
low-income segments of the urban population were also found to stock more unhealthy foods
than those found in wealthy areas [57]. Thus, accessing healthy foods can be extremely hard for
poor urban citizens and their dietary diversity was extremely low. Furthermore, purchasing
patterns are made even more complex by the fact that formal retails have been found to source
foods from informal wet markets, while informal vendors can also source foods from super-
markets. Additionally, formal supermarkets have even been found to sell food products at a
lower cost than smaller informal retailers but are not frequented as often by low-income urban
households because they may be located far away and inconvenient to get to [55].

Policies to improve the nutritional status of people living in citizens in LMICs must work with both
the formal sector and the informal sector. However, where this balance should lie is difficult to say.
The informal sector is still one of the main sources of food for urban residents especially those most
vulnerable. Furthermore, it provides a substantial number of jobs for the urban poor. After decades of
persistent existence and even growth it is clear this sector is unlikely to diminish and hence cannot be
ignored any longer. However, supermarkets can be easier to regulate for food safety and may also sell
less expensive products. Food safety is of the utmost importance because it can lead to adverse
conditions such as diarrhea that can interfere with nutrient intake and utilization. Effective nutrition
policies are even more difficult to formulate, considering the complex interaction between the formal
and informal sector. Thus, understanding urban food systems in a city is critical to designing effective
policies.

Urban Development

Urban food systems cannot be analyzed without analyzing urban development. Utilizing the vast
wealth of urban development theory, the field that investigates urbanization dynamics can help shed
light why urban food systems have developed the way they have and what potential solutions may be
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most effective. Though the density of cities and its associated general positive and negative exter-
nalities can be common across urban areas, cities are also unique and its features such as its country’s
national gross domestic development, the city’s economic growth, geography and size can have major
impacts on the food system. Analyzing these heterogeneities, particularly city size, can elucidate
many of the issues facing urban food systems and suggest good entry points to improve urban food
systems and nutrition.

Urban development theorists have founded two main theories that deal with city size. The first
theory posits that the bigger a city is the more likely it will generate economic growth due to
agglomeration economy theories and theories of economies of scale. The second is the notion that
more equitable growth can be created when secondary towns are invested in versus larger cities.
Recent analysis in Asia and Africa has shown that in particular medium-sized cities are large enough
to exhibit both economies of scale and inclusive growth seen in secondary towns due to stronger
rural–urban linkages.

Urban Development History

Cities are sometimes characterized as the enemy of or at least unrelated to agriculture; however,
historically they have always developed in conjunction [33]. Cities were only able to come into
existence when farmers were able to generate a surplus of food. Once people did not have to
participate in the agricultural sector and only produce at subsistence level they were able to engage in
non-farming activities. These people began new pursuits such as political administration, ceremonial
and religious practices, craft production, marketing and trading, all of which benefit from agglom-
eration. Thus, people started to form towns. Initially these towns remained relatively small in size.
Urban and economic growth was limited due to the Malthusian Trap where population sizes would
collapse every time the food supply was not sufficient for feeding the population due to land limi-
tations. However, the Industrial Revolution changed all of this because innovation and new tech-
nological tools allowed for agriculture to become more efficient and manufacturing activities
conducted in cities more productive. Furthermore, these new breakthroughs were constantly being
improved upon and the constant flow of innovation allowed cities to continue to grow, rural areas
despite limited land to continue supplying enough food due to improved productivity, and people to
continue benefiting from the same standard of living and even increasing it while improving their
nutrition and health status.

Primate Cities

This historical trajectory of cities developing in tandem with agriculture was different, however, for
low- and middle-income countries. This is because the Industrial Revolution also generated another
new phenomenon: colonization and eventually globalization. New, faster and more efficient trans-
portation allowed food supply chains to become longer than they ever had before and created a new
international division of labor. Cities no longer had to be dependent on local agricultural productivity
and cities in Africa and Asia under colonial regime were able to form without adequately developed
national food sectors. These countries tended to exhibit primate city urbanization trends, meaning that
one large city controlled most of the economic power in the country and was the central coordination
point for trade. In the 1970s, cities in the global south started to become the new global manufacturing
hubs because cities in the global north started deindustrializing.
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This theory on the primate city phenomenon is known as Urban Primacy Theory. The theory is
largely based on the work of Immanuel Wallerstein and his World Systems Approach and
Dependency Theory of the 1970s [34]. Immanuel Wallerstein’s World Systems Theory suggests that
richer countries, termed “the core,” generate their wealth by extracting natural resources including
spices, food, diamonds, gold or manufactured goods such as garments from poorer countries, termed
“the periphery.” The periphery is characterized as having low-income workers and its economic
progress is determined by its role in the World’s capitalist system. Timberlake expands this theory by
showing that urbanization dynamics in the periphery exhibit three main characteristics: (i) excessive
urbanization; (ii) increase in tertiary and informal labor sectors; and (iii) urban primacy, i.e., having
one large, dominant city [34]. The primate cities in these periphery nations are the central coordi-
nation point for extracting resources and sending them to the core. In many cases they were colonial
legacies; however, globalization helped to continue this phenomenon of forming one large city versus
the more dispersed urbanization pattern that was more common in high-income countries.

Secondary Towns

In the 1950s, post-colonization and after most countries had gained their independence, Import
Substitution Industrialization strategies started to become the main driver of urban development.
Import Substitution Industrialization strategies tend to promote urban manufacturing hubs. This is
because countries utilizing this strategy want to increase economic growth by developing their local
industries and try to balance their trade exports and imports. This focus on industrial and urban
development ended in the 1970s when the world was hit by several oil crises and it became apparent
that rural poverty had increased significantly [35].

Rapid rural population growth in Africa culminated into too few available agricultural employment
opportunities and to the development of more diverse activities in small towns known as—
Non-Agricultural Rural Employment (NARE) in the 1990s. These new demographic developments
generated new research in the development of secondary towns [36], which was particularly focused
on Africa and was significant in shedding new light on the linkages between rural and urban areas and
the importance of acknowledging these linkages. These secondary cities were considered effective
mechanisms to alleviate rural poverty. This is starkly different from the previous urban development
theory focused on primate cities that were seen as mechanisms to generate economic wealth in the
form of increasing gross domestic product. The secondary cities could be seen as a poverty alleviation
tool for rural hinterlands because their smaller size and location meant they were more connected with
the local food systems and were better suited to facilitate agricultural trade, services and processing
activities and generate economic diversification through the development of the agricultural industrial
sector in cities. In this way these cities can enhance rural productivity and income and generate an
effective local urban economy [37]. Rondinelli in 1983 had already identified these characteristics of
secondary towns and their potential to (i) deconcentrate urbanization, (ii) reverse polarization,
(iii) alleviate some of the problems in larger cities, (iv) reduce regional inequalities, (v) stimulate rural
economies and (vi) increase administrative capacity [38]. Though these insights were illustrative, they
were not well understood by policy makers and never generated any effective policies in the 1990s
[35].

Whether secondary towns can really be tools for reducing rural poverty is a contested topic and is
context specific. Secondary towns in countries that have more centralized governments may not have
enough resources to stimulate adequate economic and rural development. The public goods required
might be too costly. In other circumstances, secondary towns have been shown to be unequal and
offer only vulnerable informal work opportunities with low and insecure pay [37]. In other cases,
secondary towns may cater more to urban than to rural populations. In Nigeria for example,
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secondary towns were a prominent place for urban migration from bigger cities that were considered
too competitive but were therefore also too competitive for rural populations to access effectively
[39]. Policy makers in the 1990s did not understand these complexities very well and thus were
unable to produce coherent and adequate policies to create inclusive growth through investments in
secondary towns [37].

Megacities

Though urbanization may have become somewhat more dispersed, the legacy of primate cities did not
disappear and many of these cities and large secondary towns had become megacities with popu-
lations over 10 million people in the 2000s. These unprecedented enormous cities started to generate
attention again. Their size and economic wealth was able to form in large part due to international
trade. In this way they tended to be more a product of international dynamics than national ones [40].
Globalization allowed these cities to form far faster than the local agricultural sectors. These cities,
however, also became home to enormous and vast amounts of informal settlements with poor slum
conditions. This is because these cities formed at such a rapid speed with such massive numbers
during decades of policies that were anti-urban (more pro-rural development) and promoted limited
government intervention (structural adjustment policies). This meant that governments were unable to
provide enough public goods, social protection schemes, infrastructures and housing for the influx of
people, thus causing them to move to shantytowns [41].

Medium-Sized Cities

In recent years, new research has shown that medium-sized cities can potentially generate more
inclusive growth. One study found that the “missing middle” cities, i.e., small-, medium- and
large-sized cities, may have had slower growth than megacities during the period of 1980–2010 but
they did exhibit more equitable growth. Poverty alleviation was shown to be easier in the “missing
middle” cities and they were shown to be more equal [42]. Rural-to-urban migration to “missing
middle” cities was also found to be a more effective tool for escaping the poverty trap than to
megacities in Tanzania; half of the people who had migrated to “missing middle cities” were able to
earn relatively high or middle incomes while only one out of seven people who had moved to
megacities were able to escape poverty [43].

The World Bank has published several reports that show the intricacies of urban development
among the “missing middle” cities [9, 44, 45]. These papers analyzed the strengths and weaknesses of
small-, medium- and large-sized cities and megacities. Small-sized cities were found to lack resources
to produce significant economic growth but were good platforms for processing and distribution
activities for agricultural produce. Medium-sized cities are considered large enough to benefit from
agglomeration theory and are more likely than their smaller counterparts to develop manufacturing
industries and economic and equitable growth. Innovation and diversification can typically flourish
more in large-sized cities; however, these cities, due to lack of planning, are also often burdened by
poor infrastructures and congested traffic. Megacities can often generate the fastest amount of eco-
nomic growth but are highly unequal. Furthermore, the location of the “missing middle” cities also
played a role in their defining features. For example, smaller cities situated in clusters around larger
ones might benefit from agglomeration economies but may also fall prey to more congestion [45].

There is no one-size-fits-all solution for urban development problems [46]. Size, location and
context all have an impact. Furthermore, cities are not static, they change over time and so must
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lessons learned and policies. Analyzing these more intricate city dynamics can highlight some current
general trends and indicate specific opportunities different cities might pose. For example, innovative
policies may be easier to implement in medium-sized cities because their small government can
implement new ideas more quickly and their limited resources require them to be more innovative.
An interesting example is the city of Solo in Indonesia. Joko Widodo, currently president of
Indonesia, started his career as Mayor of Solo. It is widely acknowledged that he helped facilitate a
renaissance in Solo through innovative public sector reform such as engaging with street vendors to
explore solutions of public space.

Chinese City Dynamics
China has one of the most intricate regulatory frameworks when it comes to rural versus urban
policies. Since 1958 they have set up a system that prohibits unregulated movement between
rural and urban areas. This system is known as the hukou system [58]. Depending on where you
live, you are allocated a “rural or urban hukou” that allows you to be entitled to either rural or
urban social services. However, this system did little to mitigate the rapid urbanization and
inflow of people from rural areas that took place in the past half century. Unfortunately these
rural migrants who often moved to seek better employment opportunities are more disadvan-
taged than their “urban hukou” carrying counterparts as many public goods were unavailable
for them in the city or at least were only available at a higher cost such as education. Attaining
formal employment or land rights was also much more difficult. Recognizing that the “hukou
system” was not keeping pace with demographic shifts China started to reform the system in
2014. The government agreed to gradually grant 40% of the 250 million rural migrants a new
“urban hukou.” The majority of these new “hukous,” however, were allocated to urban areas
that had less than 5 million people [59]. Though the intention of this policy is to promote more
balanced urbanization across the country and mitigate some congestion in the massive
megacities China is home to, it fails to address why megacities have seen such a rapid influx of
rural migrants. Megacities are still seen as more attractive because more resources are invested
in these cities, thus creating more perceived or real opportunities [60]. Many nations have tried
to ban rural-to-urban migration or blocked land expansion of cities but ended up seeing the
formation of informal settlements because they did not address the core of the “problem” that is
driving this migration.

The role of public and private investment in cities has a huge role to play in enticing
migration and stimulating equitable or unequal growth. In China, it was found that small-sized
cities and rural regions benefited from investments in medium-sized cities but were disad-
vantaged when investments went into megacities [61]. Furthermore, medium-sized cities were
found to stimulate more sustainable growth as it stimulated the local economy better when
invested wisely [62]. These findings indicate that previous investment in the primate megacities
may have negatively affected rural–urban development and the environment and should be
investigated to see how investments can be best used. Investing in the newly rising
medium-sized cities has the potential to create positive externalities in rural areas, develop
healthier urban food systems and produce more sustainable and inclusive growth.
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Urban Size, Infrastructure and Food Systems

Climate change will put huge strains on the food system in the next 15 years and on the urban poor
that tend to live in the most disaster prone areas that already exhibit poor housing conditions, weak
infrastructures and subpar water and sanitation facilities. These strains are being exacerbated by
demographic shifts of people moving from farming areas to food import dependent urban areas. Food
and nutrition security will be a major tool and challenge for urban development in the next few
decades [27]. Cities play a critical role in agricultural production as both the consumer and investor as
a large proportion of investments come from rural household members that have migrated to urban
areas and send back remittances to help support their family’s small-scale farm. These small-scale
farmers are very dependent on these cash remittances because they often have very limited access to
credit. Furthermore, urban people can also be highly involved in the agricultural supply chain and
conduct activities such as transportation, storage, processing, retailing, street vending and whole-
saling. Rural–urban linkages are often strongest in small- and medium-sized cities where these cities
are centers of trade and production facilities for mechanical tools and other inputs for the farming
sector and are also a large consumer base [24]. These analyses of how different-sized cities interact
with the food system and how they may affect their residents’ nutrition status are important toward
achieving both SDG2 (zero hunger and improved nutrition) and SDG11 (sustainable and inclusive
cities). This chapter finds that urban nutrition and food security can be affected by the size of a city
through its effect on: (1) the existing infrastructure and its relationship with urban nutrition (avail-
ability and accessibility of nutritious food, as well as availability of safe drinking water and hygiene
situation of the environment) and (2) how food is sourced: international trade and local production,
i.e., rural–urban connections.

An Example of Good Municipal Food and Nutrition Policy: Belo Horizonte, Brazil
Belo Horizonte is a large-sized city located in Brazil. Its city center population amassed to
around 2 million in 1993 [63] and rose to 2.5 million in 2014. However, including its greater
surrounding area, known as Greater Belo Horizonte, it reached to 5.7 million in 2014 making it
the third largest city in Brazil [64]. In 1992 Belo Horizonte, with the introduction of a new
Mayor, initiated one of the most effective municipal food and nutrition security strategies in the
world led by their newly created municipal food supply agency (then called SMAB and now
known as SMASAN). This new strategy put into law the right to good quality food for every
citizen as a human right in 1993. Its success rests on the fact that it focused not just on calories
but also good nutrition, effectively targeted and reached urban poor, and stimulated the local
food economy benefiting the city and the region. Initial activities included delivering fortified
flour to pregnant women, nursing mothers and young children in poor neighborhoods. This
helped to significantly lower under-five child malnutrition rates in the city and allowed the
government to focus on other, broader, food and nutrition security targets and activities. This
included free food distributions, healthy school meals, subsidized food sales including through
public restaurants, price control of food markets ensuring markets sell a range of products at a
reasonable price, increasing the range and volume of agricultural production in the nearby rural
areas and within the city itself, education for good nutrition practices, support for careers in the
food sector, recognizing the use of land for food production and promoting urban and
peri-urban agriculture [64]. Despite having 38% of households living in poverty, 18% of
children under three malnourished and average child mortality rates of 35.3 deaths per 1000 live
births in the early 1990s, Belo Horizonte’s municipal food strategy helped to significantly
increase the consumption of vegetables, decrease (between 1993 and 2005) the mortality rate of
children under five by 72% and practically eliminate undernutrition and hunger [64].
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Infrastructure and Its Relationship with Urban Nutrition Status

Food Waste and Cold Chains

Food waste is a serious issue in today’s world. Around one-third of total food production is lost
globally [27]. Most of the food that is lost tends to be perishable food, rich in vitamins and minerals,
such as fruits, vegetables, seafood and other animal source foods. In the next 15 years, there will be
8.5 billion people on our planet [47], thus implying the world food demand will increase by 50%
[48]. The severity of current food losses shows that both agricultural productivity and food chain
efficiency will have to increase.

Where food waste is best tackled along the food chain depends on a country’s income status.
Richer countries should focus on the end of the supply chain as most of the food is lost in households
or in retailers such as supermarkets. Some of this is driven by “best before” dates that are set at an
earlier date than the products’ actual shelf life and supermarkets refusing to purchase “ugly” looking
but good quality fruits and vegetables. However, in low- and middle-income countries policies to
reduce food waste must focus on the beginning of the supply chain to improve production, storage
and transportation mechanisms. In low-income countries, most of the food is lost during production,
storage and transportation. Distribution infrastructures in these countries are often poor because
supply chain actors lack the technology or resources necessary to purchase better facilities such as
cold chain infrastructures (refrigeration technologies across the food system). Even when cold chains
exist they are often broken. Furthermore, low-income households in urban areas often lack the means
to purchase personal refrigerators or do not have access to or the means to pay for the electricity that
is required. Thus, these food waste issues are structural. Due to the fact that these urban food system
infrastructures are so weak and generate so much food waste, food prices are inevitably higher than
they could be, especially for the most nutrient dense products. This makes it even more difficult for
low-income urban households to consume a healthy, nutritious diet [24]. Up to 200 million tonnes of
food waste could be saved each year if poorer nations had the same cold chain technological
capabilities as high-income countries [49]. It is clear that improving cold chain infrastructures in low-
and middle-income countries including for the urban poor could have enormous positive impacts on
urban nutrition. However, these infrastructures are energy intensive, and in order to take into account
climate change and environmental risks, it is of the utmost importance that more efficient and cleaner
cold chains are designed quickly. We cannot solve one problem by driving another.

It is undeniable that cold chains are one of the urban nutrition challenges. However, in what way
these infrastructures can be improved upon or implemented in the first place, is also dependent on city
size. According to an analysis based on the 2012 Demographic Health Survey in Indonesia, the
poorest quintile of urban households are more likely to own a refrigerator when living in
medium-sized cities (38%) versus small- or large-sized cities or megacities (18–24%, see Table 31.2)

Table 31.2 Poor urban household characteristics in Indonesia by city size

City size Mega Large Medium Small Total

Household has refrigerator, %*** Yes (%) 18.03 24.19 37.54 22.23

frequency 44 105 113 996

Sample size 244 434 301 4288 5267

Improved water source, %*** Yes (%) 48.57 28.80 40.59 23.89

frequency 119 125 123 1032

Sample size 245 434 303 4319 5301

Data were obtained using 2012 Demographic Health Survey for Indonesia raw data and statistical software StataMP’13
[50]
***p<0.01
Poor urban household defined as belonging to the bottom two wealth quintiles of the Indonesian population
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[50]. This finding highlights an opportunity for further research to be conducted to uncover why this
may be the case and how to better scale up refrigerator access in cities of different sizes.

Water and Sanitation

Creating better access to improved water and sanitation facilities is a time tested nutrition-sensitive
intervention to improve nutrition and is highly recommended by the Scaling Up Nutrition
(SUN) Movement [51]. If people consume unhygienic water or live in areas with poor sanitation, they
are at risk of contracting illnesses such as subclinical inflammation (environmental enteric dys-
function, EED) and diarrhea. These reduce a person’s ability to absorb or utilize vital nutrients. One
segment of the population that is at particular risk of contracting these unwanted effects from poor
water and sanitation facilities are the urban poor, especially those living in slum areas. Their water
and sanitation infrastructures are often so weak because they are often illegally occupying land and
governments do not wish to incentivize urban migration by providing adequate sanitation and the
high density of their settlements further increases risks. In addition, even in cases of formal poor
urban housing, governments are reluctant to invest in sanitation as they are not “flashy” like other
public works projects and working with sanitation has a stigma. Use of the world’s clean water
resources is already being maximized and demographic shifts will increase the pressure on these
limited resources. If slum areas are not managed properly including provision of adequate infras-
tructures, based on the fact that currently slum areas are only expanding and can contaminate existing
resources, we put our water supply at even higher risk, thus putting the urban poor in an even more
vulnerable position. Furthermore, poor water and sanitation facilities also affect food safety as many
informal street vendors utilize the same urban poor’s infrastructures [27].

Analysis of city size dimensions of water and sanitation infrastructures in Indonesia shows that
poor urban residents living in small- and large-sized cities have poorer access to improved drinking
water sources than those living in medium-sized cities and megacities (see Table 31.2) [50]. Megacity
poor urbanites tend to fair better in this area because public and private investments, driven by the
relatively large upper and middle class, in these cities’ infrastructures may also improve areas
accessed by poorer urban residents. It is less clear why poor urban citizens of medium-sized cities
also fair better; however, it appears to be caused by a more equitable growth that occurs in these types
of cities. They are not as poor as small-sized cities that do not have the economic means to build
adequate infrastructures and they are not as burdened by rapid unplanned population growth as
large-sized cities that tend to have more clunky and congested infrastructures. Furthermore, large
cities are often underinvested in compared to their megacity counter parts. Positive lessons learned
from medium-sized cities and megacities must be utilized to scale up improved infrastructure access
by the urban poor and urban food systems utilized by the urban poor in all size cities. Cities within
countries, across regions and across continents should learn from each other and build partnerships
and platforms that encourage the dissemination of best practices to improve urban nutrition [52].

Roads and Traffic

Roads are part of the basic building blocks of creating a food system. They are the tools that connect
rural areas producing food with cities that consume a great proportion of this food. However, despite
their pivotal role, roads are often forgotten in food system discussions and their impacts on nutritional
status are largely unrecognized. Policies and programs in the past have focused too much on pro-
ductivity and yields versus other components of the supply chain such as distribution systems. In
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many LMICs, distribution systems are hindered by poor road infrastructures connecting farming areas
with small-sized cities. These conditions can be so horrendous that transportation times can increase
up to 200%. Medium-sized cities are often in a better position than small-sized cities to produce more
effective road infrastructures as they can generate enough public funds to do so and it is in the interest
of many local private companies. This road infrastructure can help encourage agricultural diversifi-
cation because food waste is reduced and a larger segment of the population might hence be able to
afford more diverse nutritious foods. In this way farmers and urban citizens are more able to improve
their diets as it has become economically feasible to produce and purchase more perishable,
nutrient-rich foods.

While road infrastructures can be created and expanded more easily in megacities and surrounding
areas, these cities are more likely to suffer from traffic congestion which increases distribution times
and can in turn be a driver of food waste and thus limit diversification of the food supply.
Additionally, diversification of production is also more difficult for local producers as the wholesale
markets they sell to are often located in the centers of these megacities where traffic can be at its worst
[24]. Slum dwellers are even more disadvantaged than average urban residents because it is harder for
transportation vehicles to access these dense slum settlements, thus limiting their local market supply
of perishable nutritious foods. Public investment in public transportation systems that reduce traffic
and in roads can improve access to a more diverse diet and in that way contribute to improving the
nutritional status of people living in cities, especially among the poor whose access is most constraint.

International Trade and Local Production

A higher percentage of net food importing countries are low income versus high income. The number
of countries highly dependent on food imports is especially high in Africa [27]. It is clear that
international trade will remain a dominant feature in the food sector in the next several decades.
Furthermore, large food producers and manufacturers with head offices in the global north play a
critical role in affecting access to nutritious foods for people living in cities in LMICs. They make up
a significant portion of the food supply in LMICs and have the ability to not just sell unhealthy highly
processed, high-sugar, high-fat and/or low-nutrient content foods but also healthier versions of basic
products such as fortified staples. The food industry should be encouraged and where necessary
supported, for example by tax exemptions, to develop healthy, nutritious products at an affordable
price. However, these companies are not just suppliers but are also buyers in the global south as they
import inputs from these areas or even set up local production facilities for the local market or for
export. This investment can help develop the local food sector when producing for local markets or
by transferring knowledge to other local entrepreneurs catering to this market. Policy makers should
incentivize these international private actors to invest wisely to help build more nutritious urban food
systems. Despite the likely continuing importance of trade, it is critical for countries to invest in local
food production and strengthen rural–urban linkages because this can help stimulate more inclusive
growth, increase access to nutritious foods by the urban poor and reduce the food systems effect on
climate change by shortening supply chains, limiting greenhouse gas contributions and reducing
waste. However, this will remain context specific as cities located in desert areas may require more
intensive resources to produce locally and are therefore more costly and environmentally damaging
than if they were to import foods for example.

What is defined as local production also varies. Local can mean national, regional or even urban.
Urban agriculture in the form of home gardens, community and/or commercial farming plots or
rooftop gardens can be a useful way to improve access to fruit and vegetable production. Staples are
less likely to be grown in urban farming plots. Depending on whether peri-urban areas are considered
part of cities, keeping poultry, fish and/or (small) livestock can also occur in cities. Urban

31 How Urbanization Patterns Can Guide Strategies … 699



horticultural activities are more easily implemented in less dense small- and medium-sized cities and
ones that have less harmful industrial outputs that could contaminate soils [30]. The United Nation’s
Food and Agricultural Agency (FAO) estimates 800 million people participate in urban agriculture
and finds that these activities can help improve nutrition and incomes of urban farmers [53].

However, the importance of urban agriculture has been fiercely attacked by many researchers and
policy makers as they find that few data are available, much of the data are outdated and impact on
food security is unclear [54]. For example, in southern Africa only 1% of the population obtained
food from urban farms/gardens more than once a month as a source of food despite the fact that an
estimated 3/5 of the urban population were found to engage in urban agriculture activities [55]. Urban
agriculture should not be seen as a substitute but instead a complement of food production in rural
areas as it can provide an additional source of fresh foods such as fruits and vegetables in cities.

Urban agriculture in megacities and large-sized cities is more likely in the form of high-tech
initiatives known as “controlled environment agriculture,” which includes hydroponics and vertical
farms. Controlled environment agriculture has the potential to do less harm to the environment as it
can require less water, but it is still quite costly and mainly accessible to high-income consumers.
Though a lot of these innovations are being developed in high-income countries, large-sized cities in
low- and middle-income countries such as Johannesburg are already experimenting with these
techniques as well. Future technological advancements will hopefully lower the costs and enable
scaling up.

Most people in cities still tend to purchase most of their food versus growing it themselves. The
proportion of food consumed that is acquired through purchasing is more than 75%, including in
small-sized cities, while in rural areas it still remains below 50% [15]. Creating better connections
between rural and urban areas will be a key component of improving urban nutrition security. FAO
and other international development organizations have developed a new strategy to think about
urban food systems called the “city region food systems,” which is a shift from their previous focus
on urban farming [56]. The “city region food system” concept recognizes the centrality of urban areas
in their region and their ability to coordinate and stimulate the food system in the surrounding rural
hinterlands. This movement promotes the development of a positive relationship between cities and
rural areas that benefits the population of both. This new concept has the potential to better translate
previous academic literature on the potential of medium-sized cities, reviewed above, into more
effective national and local policies. However, these policies must incorporate findings and priorities
not just from stakeholders involved in food production but also from urban development actors in
order to formulate and implement truly feasible and improved strategies [28]. These strategies should
not just entail bringing a farmer’s produce to urban markets but also develop food processing
industries. Enabling local manufacturing of nutritious and safe foods can help drive economic growth
and employment in urban areas, provide an additional market for farmers in rural regions and can
increase access to healthier, nutritious food products for people living in both urban and rural areas.

Conclusion

In order to achieve the Sustainable Development Goals by 2030, it is clear that the world needs good
nutrition for all (SDG2) and inclusive and sustainable cities (SDG11) to stimulate equitable growth
and development. In the past, undernutrition was seen as a problem of the global south, but largely
out grown by the global north, that no longer had to deal with undernutrition and starvation issues.
Furthermore, it was seen as a challenge that predominantly faced the rural population of LMICs.
Recent recognition of the scale and severity of overnutrition (overweight and obesity and associated
non-communicable diseases), widespread micronutrient deficiencies and the double burden of mal-
nutrition (under- and overnutrition occurring within the same country, households and even
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individuals) have shown that poor nutrition is a challenge each country must face and that should be
dealt with in both urban and rural areas. The urban poor should be one of the key target groups that
must not be forgotten as they are some of the most vulnerable with regard to consequences of
inadequate or unbalanced nutrition. Furthermore, demographic trends show that the rapid urban
growth that will occur in the next 15 years will largely take place in low- and middle-income
countries. The food and nutrition sector must start building bridges to the urban development sector
and vice versa in order to design and achieve effective strategies that alleviate both urban and rural
malnutrition. Urban dynamics such as city size, infrastructure (including cold chains, water and
sanitation, roads and transport) and global and local supply chains play significant roles in the ability
of city dwellers to access nutritious foods.

Asia and Africa are home to the greatest number of megacities and to the fastest growing cities that
are small and medium in size. Lessons learned from other large cities must be implemented quickly in
these megacities and better platforms for sharing information among each other should be created,
improved upon and utilized. Furthermore, the world cannot afford to miss the opportunity to design
more efficient, sustainable and nutrition-sensitive infrastructures in these rising medium-sized cities.
If policy makers manage to effectively capture this opportunity, they have the ability to stimulate
inclusive growth for city dwellers and rural inhabitants alike, develop healthier and cheaper foods
systems and improve the nutrition of everyone without damaging the environment.

Discussion Points

• What are and why should we care about urban nutrition problems? What has prevented policies
from adequately addressing this issue in the past?

• What are the advantages and disadvantages when it comes to international trade versus local
production? What are the advantages and disadvantages when it comes to formal versus informal
markets?

• What types of infrastructures can enable or disable the achievement of good nutrition for people
living in cities and why?

• How can urban development theory be utilized to improve food and nutrition security? What are
some of the unique advantages of medium-sized cities?
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Chapter 32
Urbanization, Food Security and Nutrition

Marie T. Ruel, James Garrett, Sivan Yosef and Meghan Olivier
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Learning Objectives

• Summarize data on global trends in urban poverty, food insecurity and malnutrition
• Review the unique challenges, distinctive factors and conditions that shape poverty, food inse-

curity and malnutrition in urban areas
• Analyze the implications of current urbanization trends and discuss how to address the unique

characteristics of urban poverty, food insecurity and malnutrition in designing programs and
policies to improve the lives of urban dwellers

• Identify research gaps that need to be filled in order to better understand global urbanization
trends, their consequences and their implications for programs and policies

Introduction: Global Urbanization Trends

The world has become increasingly urbanized. For the first time in history, more than half of the
world’s population (54%) lives in urban areas. By 2050, two-thirds (66%) will. Since 1950, the urban
population has more than quintupled, increasing from 746 million to 3.9 billion in 2014. By 2050,
rural–urban migration and general population growth are projected to add another 2.5 billion people
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to the world’s urban areas [1].1 By contrast, the world’s rural population, currently at 3.4 billion, is
expected to peak around 2016 and then begin to fall. Africa and Asia currently account for
approximately 90% of rural dwellers, with India (857 million) and China (635 million) being home to
the largest rural populations [1].

The trends and rates of urbanization vary widely by region and by national income level. In North
America, Europe, and Latin America and the Caribbean, between 73 and 82% of the population
currently lives in urban centers. The change in level of urbanization in these regions is expected to
slow down or stagnate between now and 2050. Africa and Asia, on the other hand, have experienced
a steady increase in the level of urbanization since at least 1950, and this trend is expected to continue
until well beyond 2050. Currently, Africa has 40% of its population living in urban areas and Asia has
47% [1]. Between now and 2050, these two regions are expected to contribute 90% of the growth in
the world’s urban population [4].

These numbers set the statistical context of an urbanizing world, but with regard to food security
and nutrition, they do not tell the tale. Life, in fact, is different in urban than in rural areas. This is
especially true at the extremes of the rural–urban continuum. This chapter provides an overview of
the unique challenges and opportunities for urban dwellers to achieve food security and optimal
nutrition and discusses the implications for programs, policies and research. It starts with descriptive
statistics and trends on urban poverty, food insecurity and malnutrition2 and reviews the distinctive
factors and conditions that shape food security and nutrition in urban areas, namely food systems and
the determinants of food availability and access; physical activity; and the health environment,
including water, sanitation and food safety. It concludes with a brief discussion of programs and
policy implications, and research gaps.

Data and Trends in Urban–Rural Poverty, Food Security and Nutrition

Reliable numbers on the levels of and trends in urban poverty, food insecurity and malnutrition are
scarce, especially from cross-country or global analyses. This section summarizes available
information.

Poverty

From 1993 to 2002, the global rate of poverty (defined as living on <$1/day) declined from 28 to
22%, due largely to changes in rural poverty in developing countries, which dropped from 37 to 30%
(compared to 13.5–13% in urban areas). During this period, urban poverty in developing countries
stabilized at around 13%. However, the number of poor living in urban areas increased (from 242
million in 1993 to 291 million in 2002), while the numbers in rural areas declined (from 1031 to 890
million) over the same period.3 Although the majority of the poor will continue to live in rural areas
for decades to come, the location of poverty is clearly shifting to urban areas. The urban share of the

1The terms “urban” and “rural” are used in this chapter, as used in the original publications. We recognize that the
distinction between urban and rural is not clear-cut and that a variety of definitions are used in the literature, some based
on administrative criteria, others on different combinations of size, aspects of density or economic activity [2, 3], while
many publications do not specify the definitions they use.
2In this paper, we use the term “malnutrition” to refer to problems of both undernutrition (deficiencies in protein,
emergy and/or micronutrients) and overweight and obesity.
3No recent data on prevalence, numbers and trends in urban and rural poverty were found.
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poor in developing countries rose from 19 to 25% from 1993 to 2002 [5].4 In addition, statistics
indicate that the poor are urbanizing faster than the population as a whole.

The location of poverty differs markedly by region. Most of the poor in Latin America already live
in urban areas, whereas less than 10% do in East Asia, due largely to the numbers from China [5]. By
2020, estimates suggest that up to 85% of the poor in Latin America will live in towns and cities as
will 45% of the poor in Africa and Asia [6].

Food Security

Although global data on food security disaggregated by urban and rural area are not available, some
analyses provide such statistics for collections of countries. These studies indicate that urban residents
do suffer from food insecurity and that food insecurity in urban areas can sometimes be more
prevalent or severe there than in rural areas. A 2006 analysis of household-level data using food
consumption information collected as part of household expenditure surveys5 found that energy
availability per capita (a commonly used indicator of food security) was lower in urban than in rural
areas in seven of the twelve African countries studied [7]. In all but one of the countries, at least 40%
of the urban population was energy deficient, with prevalence skyrocketing to nearly 90% in urban
Ethiopia. Similarly, a study using nationally representative data from countries in sub-Saharan Africa,
South, East and Central Asia, and Latin America found that the incidence of hunger (also defined as
energy deficiency) in urban areas equaled or exceeded rural levels in 12 of 18 countries studied [8].
Urban areas in seven of these countries experienced substantially higher levels of hunger as compared
to rural areas. These findings are rather surprising, given that the study also found a higher incidence
of poverty in rural areas in all countries analyzed, but they serve to show that urban dwellers can also
have difficulty gaining access to sufficient food, despite generally higher incomes.

It is important to note that the prevalence of food insecurity in the studies described above may
have been overestimated due to two possible measurement errors: (1) the use of the same energy
requirements for both urban and rural dwellers when urban dwellers tend to be less physically active
and relatedly have lower total energy requirements, which would overestimate the energy deficit in
urban areas; (2) failure to measure (or imprecision in measurement of) food eaten away from home.
Given that eating away from home is much more common in urban than in rural areas, failure to
include the composition of meals eaten outside (most surveys at that time only included amount spent
on food consumed away from home, but did not have specific information on food consumed) will
underestimate energy intakes in urban areas. Work is ongoing to address the latter caveat [9].

4These statistics are outdated, but our search did not identify more recent global estimates of urban and rural poverty.
5This study uses food consumption data from nationally representative household expenditure surveys to measure food
security (defined as percentage of the population that does not consume sufficient dietary energy). The main difference
between this approach and the widely used indicator of “undernourishment” developed by the Food and Agriculture
Organization (FAO) is that the Smith and colleagues’ approach uses actual survey data from food
consumption/expenditure, whereas the FAO method is based on modeling using countries’ food supply data. To define
insufficient dietary energy, both methods rely on FAO/WHO/UNU 1985 “recommended energy intakes,” which are age
and sex specific, and different for 3 levels of physical activity: light, medium and high. (Reference: FAO/WHO/UNU
1985. Protein and energy requirements. Rome: FAO).
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Nutrition

This section focuses on trends and statistics on anthropometry among women of reproductive age and
preschool children, the two population groups most vulnerable to “malnutrition” and its devastating
consequences for health, nutrition, cognitive development, reproduction and economic productivity
throughout the life cycle [10]. We do not report on micronutrient deficiencies because we did not find
any global data on urban–rural differences or trends for population micronutrient status.

Stunting and Underweight in Children

A systematic analysis of children’s height and weight in 141 low- and middle-income countries
(LMIC) concluded that in 2011: (1) urban children were taller and heavier than their rural counter-
parts in almost all countries and (2) stunting and underweight were lower in urban areas of all
countries, with differences as large as 30% points [11].

When looking at trends over time in these countries, the prevalence of stunting declined from 47 to
30% between 1985 and 2011, and underweight dropped from 30 to 19%. In absolute terms, the
number of stunted children fell from 239 to 163 million during this period, and the number of
underweight children fell from 151 million to 105 million. The bulk of these declines occurred in
rural areas, whereas the overall number of stunted and underweight children in urban areas remained
largely unchanged. As a result, the urban share of stunted children rose from 23% in 1985 to 31% in
2011, and that of underweight children rose from 21 to 27% over this 26-year period [11].

There are marked regional differences in urban and rural levels and trends in all anthropometric
indicators (Figs. 32.1 and 32.2). The largest numbers of stunted and underweight children in urban
areas are currently found in Asia (South, East and Southeast Asia), although the numbers have
declined markedly from 1985 to 2011. By contrast, the numbers of stunted and underweight children
in urban areas of sub-Saharan Africa more than doubled over this period [11]. The heights of rural and
urban children improved roughly at the same rate in most regions, except in some areas of Southern
and Tropical Latin America, South Asia and Central Asia, Middle East, and North Africa, whereas the
urban–rural gap decreased due to greater improvements among rural children. At the country level,
the urban–rural gap in height declined in 100 countries and widened in 41 countries [11].

These findings suggest that, although the urban advantage in child nutrition remained over time in
most countries and regions, there has been a gradual shift in the locus of child undernutrition from
rural to urban areas, with important regional differences in the rate and nature of these changes.

Disparities in Child Nutrition Within Urban and Rural Areas

Average statistics like those presented above can mask the large disparities that exist within areas
[12]. For example, an analysis of DHS data from 11 countries (1991–1996) showed that the odds of
being stunted were between 1.3 and 3.3 times higher for children in rural as compared to urban areas,
but economic differentials within urban areas ranged from 2.8 (Zambia) to 10 (Peru and the
Dominican Republic) [13]. On average, urban children from the lowest socioeconomic quintile were
4 times more likely to be stunted than those from the highest quintile. Within rural areas, differentials
across income classes were lower than 3.5 for all countries except Brazil (7.5). In these countries,
urban children from the lowest socioeconomic quintile had rates of stunting that were either similar or
worse than rural children from the same quintile. A recent analysis of DHS surveys from 47
developing countries confirms these findings and documents similar results for under-five mortality
[14].
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An important question that arises from these findings is why on average do urban children have
better nutritional status than their rural counterparts. Several studies have examined this question over
the past 20 years, analyzing different data sets and using a variety of analytical approaches. The
consistent finding is that the community, household and individual determinants of child undernu-
trition, and the strength of their association, are largely the same in rural and urban areas. What
explains the difference is the level of these determinants (e.g., maternal education, household wealth
and income, and access to health services), which often favors urban dwellers [14–17]. Individual
country analyses in Mozambique [18], Bangladesh and Nepal [19], and Angola, Senegal and the
Central African Republic [20] confirm these findings.

These findings highlight the fact that simple averages can be misleading. They also suggest than in
many countries the most vulnerable children in urban areas often live in conditions rivaling those of
poor rural children. Program and policy decisions should therefore focus on the poor and most
vulnerable children, wherever they live, rather than on targeting either urban or rural areas.

Fig. 32.1 Number of stunted and underweight children, by region and rural or urban place of residence, 1985–2011.
Source Pacioreck et al. Children’s height and weight in rural and urban populations in low-income and middle-income
countries: a systematic analysis of population-representative data. The Lancet Global Health, Volume 1, Issue 5, e300–
e309. Open Access
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Overweight and Obesity in Children and Women

Recent estimates show that 43 million children less than 5 years of age (7%) worldwide were
overweight (weight-for-height z-scores > 2) in 2011, a 54% increase from an estimated 28 million in
1990 [21]. Although the prevalence of overweight in children is highest among high-income coun-
tries (15%), as many as 32 million overweight children lived in LMIC in 2011. Regional differences
show larger increases in overweight children in Africa (from 4 to 7% between 1990 and 2011)
compared to Asia (from 4 to 5%), but larger numbers of affected children in Asia (17 million)
compared to Africa (12 million) in 2011. Latin America remained stable over time in terms of
numbers of overweight children (*3.8 million) and experienced a small rise in prevalence from 7 to
8%.

Urban/rural country-level comparisons using data from 80 LMIC (1998–2011) estimated that on
average the prevalence of overweight children was 1.08 times higher in urban compared to rural areas
(ranging from 0.44 to 1.46) [21]. Using these same data, Fig. 32.3 shows, however, that the
prevalence of overweight children was higher in rural areas in 25 of the 80 countries analyzed (close
to one-third).6 Several of the countries where overweight was more prevalent in rural areas are
classified as lower-middle-income economies by the World Bank [22]. No recent data comparing
trends in child overweight in urban and rural areas were found.

Among women, the prevalence of overweight (BMI > 25 kg/m2) and obesity (BMI > 30 kg/m2)
also increased since 1980, but the pace of increase, which has accelerated in the past decade, was
much more dramatic than among children [23]. In 2008, it was estimated that globally, 35% of
women aged >20 years (or 742.5 million) were overweight and 14% (or 297 million) were obese
[24]. A recent review, which used data from 38 countries at two points in time (1991–2004 and 1998–
2010), showed that mean BMI was higher among urban than rural women in most countries in both
time periods, as was the prevalence of overweight [25]. The prevalence of overweight women also
increased more quickly in urban areas between the two time periods in 31 of 38 countries. Similar
findings were documented in previous analyses of repeated surveys (between 1989 and 2010) from 42
countries [26] and a recent analysis of 29 DHS and 4 national surveys from 1990 onward, but marked

Fig. 32.2 Trends in mean HAZ and WAZ, by region and rural or urban place of residence, 1985–2011. Source
Pacioreck et al. Children’s height and weight in rural and urban populations in low-income and middle-income
countries: a systematic analysis of population-representative data. The Lancet Global Health, Volume 1, Issue 5, e300–
e309. Open Access

6Data source: International Center for Equity in Health (www.equidade.org).
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regional differences were observed. The first study showed that women in rural areas of Latin
America, the Middle East and North Africa experienced higher increases in the prevalence of
overweight than women from urban areas over the period studied, and in the second study, the rate of
increase over time in the prevalence of overweight and obesity was greater in rural than in urban areas
in approximately half of the countries studied [27].

Percentage 30   28    26   24    22    20   18    16    14    12   10     8      6      4     2      0      2     4      6      8    10    12    14   16    18    20    22   24    26   28    30 

Urban          Rural

Fig. 32.3 Prevalence of overweight (body mass index Z-score > 2) among children under 5 years of age by urban and
rural residence (1998–2011). Blue urban; Orange rural. Data source International Center for Equity in Health (www.
equidade.org)
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One observation of changes over time is that the preponderance of obesity seems to shift from
higher to lower socioeconomic levels as countries develop (rising gross national product (GNP))
[28, 29]. This crossover is particularly true for women of low socioeconomic status and happens at
about $2500 GNP [29]. In Brazil, for example, a national survey in 1989 found that obesity among
adults was more prevalent in the higher socioeconomic (SES) groups. Ten years later, obesity was
most prevalent in the lower SES groups [30]. These findings suggest that as the nutrition transition
deepens and the environment becomes increasingly obesogenic, higher socioeconomic groups who
also tend to be more educated are better able to adjust—for example, they are more likely than poorer
households to be health aware and to have the means to pay for healthier diets and to increase their
physical activity (e.g., by enrolling in expensive gym facilities).

Challenges and Opportunities for Achieving Food Security and Optimal
Nutrition in Urban Environments

This section examines the nutrition transition and related changes in urban dietary patterns and
physical activity in developing countries, how these relate to changes in urban food systems and how,
in turn, these processes affect food security and nutrition in urban areas. It also briefly reviews other
broad categories of determinants of food security and nutrition in urban areas such as food availability
(markets) and access (related to prices, incomes, urban agriculture and availability of safety nets),
environmental health and access to health, water, sanitation and hygiene services, and food safety.

Food Systems, the Nutrition Transition and Urban Diets

In a process closely related to demographic and epidemiological transitions also occurring among
global populations,7 many countries have passed through or are experiencing a nutrition transition.
During the nutrition transition, dietary patterns undergo significant changes, and lifestyles are char-
acterized by lower levels of physical activity, often related to the more sedentary nature of work and
motorized transportation. Diets shift from having significant proportions of complex carbohydrates,
fiber and coarse grains to ones with higher amounts of saturated fats, salt, simple sugars, and
processed foods. These diets usually have greater variety, with more fruits and vegetables and more
animal source foods (meat, dairy, fish) [34–38]. These patterns seem to be associated to some degree
with level of urbanicity, because even at similar levels of national income, those countries with higher
levels of urbanization have diets with higher amounts of fats and total energy [39].8

In the initial stages of the nutrition transition, among the less developed countries, as diets
diversify and physical activity levels go down, the problem of undernutrition starts receding (low
body mass index (BMI) in adults), and problems of overweight and obesity and non-communicable
diseases (NCDs), such as diabetes, heart diseases and certain cancers, emerge. In a later stage of the

7The demographic transition involves a shift from higher to lower levels of fertility and mortality. The epidemiological
transition, first described by [31], involves a shift from patterns of high prevalence of infectious diseases, associated
with malnutrition and poor environmental sanitation, to ones of high prevalence of chronic, non-transmissible diseases
[32, 33].
8Consumption of total fats and oils has greatly increased in developing countries since the 1970s, even as consumption
of animal fats has declined. Globally, there have been major increases in domestic production and trade in oilseeds and
vegetable oil. This has been due to new technologies for oilseed production and refining processes, health concerns
about consumption of animal fats and cholesterol, as well as government policies [32, 33, 39].
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nutrition transition, seen in several industrialized countries, diets begin to improve and physical
activity increases, as individuals (usually beginning with the wealthier and more educated segments
of the population) start to make healthier food choices and purposeful changes in recreational and
transport activities [37]. The pace of these different processes differs across contexts and populations,
but in many countries, the rate of increase in overweight and obesity outpaces reductions in under-
nutrition (e.g., child stunting, wasting, micronutrient deficiencies), thereby resulting in a “double
burden” of malnutrition. This problem is characterized by the coexistence of undernutrition, including
micronutrient deficiencies, and overweight and obesity and related NCD risks in the same population,
communities, households and sometimes individuals [40, 41].

A number of factors drive the changes in diet and physical activity that underlie the nutrition
transition. These include changes in infrastructure, technology, and culture and society, including the
changing role of women, as well as economic development. These factors are briefly described below.

Urban Structure, Technology and Society

In larger cities and in more industrialized countries, urban centers have physical structures and
densities that facilitate tighter distribution, transportation and information networks, allow suppliers
to reach more consumers at lower cost, and encourage the quicker spread of information. Urban areas
provide larger markets for food retailers and more options both for specialization among retailers and
for individual retailers to market a more diverse range of foods [42]. Mass media and marketing are
also more present in urban areas, influencing tastes and preferences [36]. Cities can also enjoy greater
cultural diversity than many rural areas, which can increase demand for a variety of foods to meet a
range of consumer tastes. As a consequence of these factors, urban residents have a greater variety of
foods and food sources (e.g., supermarkets, small and convenience stores, restaurants, and street
foods) available to them.

Changes in technology and society also affect the urban food environment. For example, some of
the commodities distributed in urban markets require longer and more intensive agro-supply chains
(from farm to fork), which introduces a range of issues related to food quality and food and water
safety. Greater availability of electricity and higher incomes in urban areas mean that refrigeration is
more available than in rural areas. Businesses are thus able to have wider inventories, particularly of
perishables and items that need cold storage, such as dairy and meat products. Households can
purchase these foods for storage at home, and so can shop on, say, a weekly, rather than daily basis
[43]. Technologies have also provided for a range of processed goods, including canned and frozen
items, snacks and prepared meals, as well as ultra-high temperature milk, which extends shelf-life
without needing refrigeration [26].

Changing Role of Women

With more women in urban areas working in the labor force, there is increasing demand for con-
venience and processed foods, and for ease of purchasing [39, 44]. The physical environment as well
as the workload may affect the time women spend on food-related activities such as shopping for food
and preparing and enjoying meals and the time they spend on childcare [39, 45]. With both women
and men working outside the home, and children going to school for extended hours, more meals are
purchased and eaten outside the home (e.g., from supermarkets, restaurants, street food) and eating
becomes less centered on the family [35]. With less agricultural land available, urban living is less
compatible with home production and consumption than in rural areas [36].
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Changing Demand for Food

The increasing demand for meat and dairy products that accompanies urbanization, compounded by
rising incomes and growing populations, puts pressure on agriculture to intensify, raising demands on
limited natural resources, such as land, soil and water [42]. These changes also result in increased
waste, especially at the consumer end, and raise questions of how to create and support the devel-
opment of healthy, sustainable food systems and appropriately address climate change. Although not
given, in general, this shift means additional uses of energy in processing and transport (with
increased commercialization), additional natural resource use, and need for more grains, which serve
as input into animal feeds, rather than being directly consumed by humans [46].

Some of these changes relate directly to the changing urban environment, but others are connected
to more general factors, such as rising national incomes and changes in the nature of market systems,
rather than anything uniquely “urban.” This observation highlights the continuum that exists between
the “more urban” and “more rural” environments, with increasingly greater physical (e.g., roads) and
virtual (e.g., communications technologies) connectivity between them. Such connectivity implies
that changes that happen in one area can be transmitted to and adapted by the population in the other.
We must therefore use caution when attributing aspects of food security and nutrition in cities to
specifically “urban” factors rather than to more the general influences of development. Huang and
Bouis [47], for example, in an analysis of data from China and Taiwan, attribute about 20% of the
increases in consumption of meat, fish and dairy products to non-income or structural factors asso-
ciated with living in an urban area, implying that 80% is due to these other non-geographically
specific factors. Still, it is true that even some of these generic factors may be more quickly and
strongly expressed in urban areas than in rural ones.

Urban Diets

As a result of the unique food environment and higher incomes in urban areas, diets tend to be
different, more diverse and less affected by seasonality than rural ones. The availability of a wide
range of foods and the shift away from traditional diets also meets consumer desires for greater food
choices, even among the poor [34, 39]. Urban dwellers are thus more likely to meet their protein and
energy requirements than rural dwellers, but they are also more likely to have imbalanced diets, often
too rich in total energy, and in the proportion of energy coming from saturated fats and sugar, too
high in salt, and low in fiber. Their energy-rich diets are also often poor in micronutrients, as shown in
urban areas of Benin, Mali and Kenya, where the mean probability of adequacy of 11 micronutrients
was low, and a large proportion of women (>80% in Burkina Faso) had inadequate intakes of B
vitamins [48–50]. In more industrialized countries such as Indonesia, however, consumption of
micronutrient-fortified foods such as milk and noodles was significantly higher in urban compared to
rural areas, and this in turn was associated with lower odds of stunting among urban compared to
rural children [51]. Globally, however, there is concern that urban dwellers are at increased risk of
overweight and obesity and related risks of NCDs, while many continue to experience deficiencies in
several essential micronutrients [52].

Physical Activity

An additional key risk factor for NCDs, beyond diets, is physical activity. Urban living is associated
with changes in activity levels compared to life in rural areas and is believed to be associated with
lower energy expenditure in aspects such as work (more sedentary jobs), domestic chores (water,
electricity more readily available) and transportation (use of motorized transport), while for leisure it
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can go either way (e.g., urban areas may offer greater potential for outdoor physical activity, sports or
gyms, but also for more sedentary leisure such as television and use of computers and video games).
It is thus possible that on average changes in one domain compensate for changes in another domain
and that average energy expenditure may not be that different between urban and rural areas [53].
Changes are also occurring in the rural environment, with agricultural activities becoming increas-
ingly mechanized, employment opportunities moving away from traditional agricultural activities,
and public and private motorized transport becoming more available. It is thus likely that physical
activity levels are in fact declining in both urban and rural areas [53].

A global analysis of data sets from 76 countries from low-, middle- and high-income nations
representing 80% of the world population in 2003 (and using the validated International Physical
Activity Questionnaire) documented a worldwide population-weighted prevalence of physical inac-
tivity9 of 17.4%, with lower average prevalence in less developed (18.7%), compared to the most
developed (27.8%) countries [54]. The study also showed higher physical inactivity among women
compared to men, among elderly individuals, and among wealthier and urban countries (the authors
do not specify what characteristics they used to classify countries as “urban”; they also do not
disaggregate national data by urban and rural areas).

Most studies that examined the factors affecting physical activity are from industrialized countries,
but they highlight the multiple factors at play, including the physical environment, perceived personal
and cultural barriers, and gender and age, all of which are relevant for developing countries as well as
for urban and rural areas [30, 55, 56].

Food Availability

In this section, we briefly review the role of food retailing and the food environment, including
traditional and modern supply chains and foreign direct investment and globalization in influencing
the availability of food in urban areas. We also touch upon the contributions of street foods and urban
agriculture, although the literature on these topics is scant. We recognize the importance of the
physical (built) environment as a determinant of food availability, but research so far has focused
mainly on industrialized countries, and for this reason, we do not cover this topic here and refer the
reader to the existing literature [57–61].

Food Retailing and the Food Environment

Traditional and Modern Supply Chains

Beginning in the 1990s, supermarkets spread quickly throughout Latin America, Central Europe and
South Africa, increasing to a 50% share of food retail in the mid-2000s. By the mid-2000s, super-
markets in Southeast Asia, Central America, as well as Chile, Argentina, and Mexico had between 30

9Physical inactivity was defined as being engaged in vigorous-intensity physical activity for less than 20 min per day on
at least 3 days per week, or less than 30 min per day of moderate-intensity physical activity on at least 5 days per week,
or 600 MET-minutes/week combining both criteria. MET (the metabolic equivalent of task) is a physiological
measure expressing the energy cost (or calories) of physical activities. One MET is the energy equivalent expended by
an individual while seated at rest. While exercising, the MET equivalent is the energy expended compared to rest; an
activity with a MET value of 5 means expending 5 times the energy than the individual would while at rest. MET
minutes are derived by multiplying the number of METs for an activity by the number of minutes a person is engaged in
this activity. http://www.cooperinstitute.org/2012/04/met-minutes-a-simple-common-value-to-track-exercise-progress/,
accessed on February 29, 2016.
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and 50% of the food market. The latest wave of supermarket expansion has been in emerging
economies, mainly China, Vietnam, India and Russia. A supermarket revolution in other parts of
Africa is in its nascent stages [62, 63].

These supermarket chains first established themselves in larger cities and then extended to
intermediate cities and towns. Within cities, they initially established stores in higher-income areas,
moving gradually to middle-income and less advantaged neighborhoods. Many of these chains are
affiliated with large multinationals, such as Ahold and Carrefour. Over the past decades, as they grew,
they influenced the entire supply chain. They established efficiency and cost controls, including
consolidation and use of specialized and dedicated wholesale and preferred supplier systems that
allowed them to compete with the more traditional wholesale and retail market and small neigh-
borhood stores [62–65]. Some have suggested that supermarkets have also improved quality and
helped to standardize products (say when buying from local producers) [66]. However, other studies
suggest a weak association between supermarkets and safer food. Randolph et al. [67], for example,
note that studies in East Africa and India show that a similar proportion of substandard milk samples
are found in supermarket and informally marketed samples. Similarly, there is no agreement on
whether supermarkets have positive nutritional impacts on consumers. While they do offer a variety
of nutritious foods, including fresh produce, dairy products and animal source foods, they also present
a “confusing array of new choices” [68], including abundant options in ultra-processed
energy-dense/nutrient-poor obesogenic foods [69, 70].

It is important, however, to recognize that most purchases in developing countries, especially
Africa and Asia, are still made through traditional shops and wet markets. These traditional systems,
such as small neighborhood grocery stores, fruit and vegetable markets, meat markets, and street
vendors, remain predominant, capturing 50% or more of food retailing even in these countries where
modern retailing began developing earliest. As of the mid-2000s, supermarkets in sub-Saharan Africa
still accounted for less than 5% of urban food expenditures and will remain a minority food supplier
to urban residents for the foreseeable future [71]. This may be particularly so with regard to the urban
poor. In Zambia and Kenya, for example, supermarkets still cater primarily to households in the top
20% of the income distribution [72].

There is some discussion about the appeal of traditional outlets for the future. Some studies argue
that these traditional locations will stay competitive because they can charge lower prices because of
lower labor, overhead and marketing costs. They also offer proximity and convenience [64, 73] and
personal relationships, including extension of credit and acceptance of exchanges. Modern super-
markets, on the other hand, may have higher overhead costs for rent, labor and additional services
such as processing and refrigeration, as well as higher product turnover rates due to more regulation,
resulting in higher prices [74]. But larger supermarkets offer greater variety and may use a loss-leader
pricing strategy to gain initial market share through packaged and processed foods and then move into
high-value and more nutritious foods such as fruits, vegetables, dairy and meat [75].

In some sense, dual food systems have developed. While modern retailers have a high share of the
food market in non-staples and processed products, the share in unprocessed products, such as meat
and fresh produce, is lower. Reardon and colleagues [43] note that the supermarket share of the fruit
and vegetable market is often roughly half that of the share for other goods (especially processed
goods). In Kenya, Nicaragua and Zambia, for example, over 90% of all fruits and vegetables are
purchased through traditional outlets [76]. Even in Nairobi, one of the most developed supermarket
sectors, only 8% of meat purchases versus 60% of staples are made in supermarkets [77]. Fresh
markets were also still the main place to buy produce in South Africa, even in the early 2000s when
supermarkets already had a significant share. While 40% of marketed fruits and vegetables went
through the supermarket procurement system, 7% went first to fresh markets and then to super-
markets, while 53% went through fresh markets and then to non-supermarket retailers. Latin America
demonstrated a similar pattern [63, 72].
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Mixed arrangements between these two systems may also exist. Domestic and international food
manufacturers sell foods through traditional small neighborhood stores, while supermarkets source
food from local farmers and traders. These options can take advantage of economies of scale, but may
also rely on processed foods, with potential negative impacts on nutrition. An example of this is the
rise of carbonated drinks in Africa, whereby manufacturers support traditional storeowners in heavily
marketing their products [72].

Foreign Direct Investment and Globalization

Beyond the straightforward description of where urban dwellers buy their food, it is worthwhile to
examine how the urban food environment affects food choices. Changes in lifestyles, the physical
urban environment, and changes in design and operation of production, processing and marketing
systems underlie such choices [57]. A number of analysts cite the growing impact of trade and
globalization on consumption patterns, but the importance of imports to diets is actually rather small.
In developing countries, a large majority of food, *95%, comes from domestic sources; international
trade is important at the margin of food systems [78]. The influence of multinationals and the global
environment is thus felt primarily through growing foreign direct investment (FDI) rather than trade.
US food companies, for example, sell five times more food through FDI sales than through exports
[79]. FDI has contributed to the rise of fast food restaurants and supermarkets [80] and, in some cases,
the growth of processing and marketing of global brands within the country itself. To the extent that
national markets are connected to international markets, variations in international prices and global
demand and supply also affect domestic food availability and pricing. Thus, even though imports may
be only a small percentage of food trade, the international trade environment will still have an impact
on national food offerings.

Increased advertising and increased availability and consumption of prepared food also accom-
pany increased FDI [57, 81], potentially promoting unhealthy diets. Thow and Hawkes [82] argue
that the lowering of trade barriers was critical to the expansion of processed food markets in Central
America. Trade liberalization led to more food imports, particularly processed foods, and also pro-
moted domestic meat production, thus facilitating availability and consumption of meat, dairy
products, processed foods and temperate (imported) fruit in Central America. In theory, however, FDI
could similarly be put to use in promotion of healthier alternatives. Supermarkets, for example, may
provide an increased array of processed or prepared foods, but they also provide additional choices
(and opportunities for promotion) of nutrient-rich foods such as dairy and fruits and vegetables.

Street Foods

Street foods can represent a low-cost, accessible and convenient source of food for urban residents.
They can make up a significant proportion of the urban diet and are also important sources of
employment, especially for women. Even when men are the vendors, they often rely on the women in
the household to prepare the food [83]. After a substantial number of synthesis work and some city
studies, usually dealing with food safety concerns, from the late 1980s to the early 2000s [84, 85],
comprehensive research on street foods in developing countries has been limited, despite their
importance.

Smaller and poorer urban families often have a higher proportion of food intake from street foods
[84]. In Kenya, one study found that slum dwellers consume more street foods than those in low- and
middle-income neighborhoods [50].

Street foods also provide a range of food types and can become part of the diet from a young age.
In Senegal, women feed babies yoghurt, which is bought and not prepared at home, as a weaning
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food. Nigerian adolescents obtained between 40 and 70% of food intake of major food groups from
street foods, supplying between 20 and 30% of energy [86]. And while foods are often selected
because of taste and convenience, rather than nutritional value, the food energy and protein value of
cooked street foods in Asia were higher than those of prepackaged processed foods [86]. This is likely
due to the fact that street foods in Asia offer a variety of meals, whereas prepackaged processed foods
are typically snacks rich in sugar, fat and/or salt (e.g., cookies, candies, chips). With such a significant
proportion of diets coming from street foods, interventions could work to provide vendors with fresh,
nutritious and less expensive locally grown ingredients, potentially boosting the role of urban agri-
culture and contributing to healthier urban diets.

Street foods are also an important informal sector activity and income source for the urban poor,
although many middle-income residents also engage in this activity. Tinker [84] found that even in
larger cities, such as Bogor, Indonesia, street food vendors can be between 15 and 20% of the labor
force and create millions of dollars of revenue for the local economy. Government officials still often
fail to recognize the contributions of street foods to the economy and food consumption. Many
vendors face high job insecurity due to strict regulations or prohibitions on street sales as well as lack
of capital to obtain proper permits. Promoting the role of street food associations in working with
vendors to provide start-up capital, and providing piecemeal programs to legitimize their operations
could increase food safety, provide key environmental infrastructure and ensure their livelihoods [83,
84]. A recent study in Zimbabwe, for example, found that vendors would be willing to pay for
running water and electricity if the local government provided the facilities [87].

Urban Agriculture

Urban agriculture and its contribution to national production, household income, food security and
diet quality are underdocumented. One recent comprehensive study [88] gathered nationally repre-
sentative data from 15 developing and transition countries to examine these issues, providing one of
the few reliable and recent assessments. The results show that the share of urban households that
participated in agriculture (including livestock) ranged from 11% in Indonesia to nearly 70% in
Vietnam and Nicaragua. In 8 of 15 countries, over 50% of urban residents practiced agriculture, and
in 11 of the 15 countries, the share of urban households participating in agriculture was more than
30%. In general, rearing livestock was less common than growing crops, but not always. In urban
areas of Bangladesh, Nepal, Ecuador and Nicaragua, one in three households raised livestock.

Urban agriculture accounted for 5–15% of total agricultural production in most countries and was
largely geared to own-consumption rather than the market. In only four countries (Bangladesh,
Madagascar, Nepal and Nicaragua) was more than one-third of production marketed; that figure
varied between 15 and 26% in other seven countries. Across all households, the contribution to
income was small although quite variable: The contribution to overall household income was higher
than 10% in only 5 countries, of which 4 were in Africa. But among those households that practiced
urban agriculture, the contribution was significant—20% or more in 7 countries.

In addition to providing income, urban agriculture can allow direct access to nutritious foods (e.g.,
fruit, vegetables, eggs and dairy), improving dietary diversity and guarding against seasonality
shortages or shocks. Assuming that urban agriculture can, in the case of women for example, replace
a non-agricultural source of employment that is more likely to be further away from home, it can also
free up mothers’ time, which can then be spent on food preparation and child feeding and caregiving.
In the Zezza and Tasciotti [88] study, participation in urban farming was positively associated with
improved dietary adequacy (using a dietary diversity score), in 10 of 15 countries.

Despite demonstrable benefits, the city environment may not favor urban agriculture. Urban
agriculture is illegal in many cities, but urban residents may nevertheless use public space or vacant
lots of private owners with or without their permission. Raising livestock or crops in an urban
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environment also encounters challenges of how to access needed inputs, such as water, and how to
work safely with agrochemicals and dispose of animal or crop waste, challenges which are amplified
when activities are considered illegal or undesirable and urban planners make little provision for its
inclusion in the urban landscape [89, 90].

In summary, the extent and contribution of urban agriculture to national and household economy
and food access varies wildly, likely reflecting space, legal, agronomic and other factors. Given that
participation in urban agriculture is more concentrated among the poorest income quintiles and is
negatively associated with wealth [88], it appears to serve an important role as a coping strategy and
as a source of food and income that should be protected, at least in the relevant contexts.

Food Access

Urban dwellers, especially the poor, face a unique set of challenges in accessing food due to their
dependence on cash, vulnerability to food price shocks, and the fragility of their employment
(especially women). The impacts of these conditions on the food security and nutrition of household
members will depend on such factors as whether or not the households have access to stable income
sources, formal or informal safety nets, and agricultural land and other assets.

The Importance of Cash and Food Purchases

Compared to rural consumers who can often produce a considerable proportion of the food they
consume, most urban consumers depend largely on food purchases. This dependence on the market is
further compounded by the fact that, unlike their rural counterparts, urban residents cannot rely
substantially on the exploitation of natural resources to provide for food, housing, energy or water.

Ahmed et al. [8] found the proportion of household expenditures spent on food by extremely poor
urban households in 20 LMIC was more than 50% in all but two countries. The food share ranged
from 48% in Guatemala to 74% in Tajikistan. And with regard to the percentage of that food that is
purchased [91] showed that in the largest cities, the percentage was greater than 90% in all 5 countries
analyzed, compared to a range from 29 to 59% for rural areas of Mozambique, Malawi, Nepal and
Peru, and 85% in Egypt. For other, non-metropolitan urban areas, the share of total food consumption
purchased ranged from 73% in Mozambique to 95% in Egypt.

Given the fact that most food is purchased in urban areas, earnings from employment (income) and
food costs (mostly price but in a broad sense including ease of access and cost of time for acquiring,
preparing, and eating food) play a significant role in food access. Along with the influences of
marketing and, so, tastes and preferences, these economic factors influence urban consumption
patterns, including food choices related to location of eating (at home or away from home) and types
of food (fast food, home prepared, processed foods) [57].

Most of the economic analysis related to food consumption has focused on marketing issues, such
as retail availability, and to some extent on price effects (price elasticities), but without differentiating
between urban and rural consumers, and with a strong focus on industrialized countries on the issues
related to marketing. Very little research has been done on the role of prices in determining overall
eating patterns and health behaviors [57] or on pricing patterns across neighborhoods, urban/rural
areas, food source formats or income classes, despite frequent assertions about prices of items being
lower or higher in supermarkets or small stores or fast food restaurants. However, declines in relative
food prices in the past decades have been significant and have likely helped to drive the changes in
consumption patterns. Real-world prices for rice, sugar, soybean oil in 2000 were less than 40% of
1970 levels. Beef prices were half, and wheat prices were 60% [39]. Although prices have increased
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since 2004, inflation-adjusted food prices are still below levels of the food crisis of the mid-1970s
[92]. Popkin et al. [80] argue that such declines are behind increased consumption of these foods,
which has encouraged less healthful diets. They note, for instance, that commensurately with these
price declines, individual intake of vegetable oils increased three to six times between 1985 and 2010,
depending on the subpopulation studied. It is likely that consumption patterns in urban areas are a
major driving force behind these numbers.

Food Price Shocks

The dependence on cash food purchases means that the urban poor are particularly vulnerable to food
price shocks. Food price shocks rose to the top of the global political agenda during the food price
crisis of 2007–2008, as world prices of wheat and maize tripled, compared to the levels at the
beginning of 2003, and rice prices quintupled. Overall food prices rose by 64% between 2002 and
mid-2008. Energy costs also climbed, which meant that not only the price of food, which has energy
as a significant input cost, but also of other goods, such as transport, increased [93, 94].

While it has been commonly assumed that urban residents disproportionately suffered from these
food price rises, analyses suggest that, most importantly, regardless of location it is the poor who
suffer most [95]. However, even among the poor, the impact depends on a number of factors. This
includes whether the household is a net food buyer; whether the household can shift from interna-
tionally traded staples, whose prices are most likely to be affected by the global price shocks, to less
expensive, less traded goods such as roots and tubers; and whether the household has land, which
might be used to grow crops that could actually benefit from the price rise or might otherwise be used
as coping strategies [96]. The urban poor come out being disadvantaged on most of these counts: 97%
of urban households are net food buyers, they spend a large proportion of their income on traded
staples [96], and most do not have access to land for agriculture. Nevertheless, a simulation of a 10%
rise in the price of food staples of nine LMIC indicated that the effects on urban and rural households
were similar (between about a zero and 3% decline in welfare), except in Albania, Tajikistan and
Vietnam, where urban households experienced a 1% point or more decline as compared to rural ones
[96]. A different eight-country study found that simulated increases in food prices produced the
largest increases in undernourishment (defined as dietary energy consumption falling below the
minimum dietary energy requirements) among the middle-income or lowest income quintiles of both
rural and urban areas [97]. Finally, a simulation analysis of four Latin American countries showed
overall reductions in energy consumption resulting from the food price crisis, but no differences
between urban and rural areas [98].

Urban Employment

The ability of the urban poor to obtain enough food for a healthy and active life depends primarily on
their ability to earn income, yet low-paying, precarious jobs usually represent their most common
employment opportunities. This exposes the urban poor to further income shocks, which will affect
their ability to be food secure.

Most urban dwellers work in sectors such as petty trade, construction or manufacturing where
wages are low and job tenure is insecure [99, 100]. Across developing countries, employment in the
informal sector represents more than 50% of all non-agricultural employment [99]. In India, for
example, 78% of the workforce is employed in the informal sector (excluding agriculture), which is
mostly based in urban or semi-urban areas [101]. Non-agricultural informal employment in Latin
America ranges from 42 to 75% of total employment, while averages for South and Southeast Asia
hover around 70%. Women are generally more likely to be self-employed in the informal economy,
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and in sub-Saharan Africa, women outnumber men (51%) in the informal economy as a whole [99].
Nevertheless, formal sector jobs (government, private sector) are also important for the urban poor,
particularly in some countries. Comparing data in metropolitan areas in four countries (Egypt, Ghana,
Malawi and Peru), Garrett [100] found that at least as many if not a larger percentage of paid urban
dwellers work in the formal, compared to the informal sector. In Egypt and Malawi, for example,
more than 70% of urban jobs paid wages or salaries and only approximately 20% were
self-employed.

Although informal jobs and self-employment may confer more flexibility in terms of hours worked
and diversification of income, formal sector employment is likely a more stable and consistent source
of income, but it tends to be less accessible for the poorest and less educated segments of the
population.

Maternal Employment and Childcare

Women in urban areas are perceived to work away from home more often than those in rural areas
and to be less likely to take their infant or young child along to their place of work because they often
work in more formal environments (e.g., offices, factories, private homes). Whether or not this puts
their children at an advantage or a disadvantage depends on the nature, stability and remuneration of
the job, but equally importantly, on the type and quality of options for childcare. An analysis of data
from Demographic Health Surveys (DHS) carried out in the early and mid-1990s in 11 developing
countries of Africa, Asia and Latin America10 showed that urban women were more likely to work
outside the home only in Latin America (with the exception of Peru) [102]. In most of the Asian and
African countries included in the sample, the percentage of women working away from home was
higher in rural than in urban areas. However, urban mothers were less likely than rural mothers to
take their child to work with them, probably because they worked in the streets or in more formal
settings, like offices, factories or markets, rather than in agriculture where it might be easier to take a
young child along. In Latin America, a greater percentage of urban mothers used relatives as alter-
native child caregivers compared to rural dwellers, but no consistent pattern was found in Asia and
Africa. Hired help and institutional care were consistently higher in urban compared to rural areas in
all three regions, although institutional care use was almost nonexistent in Asia and very uncommon
in three of the four African countries studied, likely due to the lack of availability of these services in
these countries [102].

A more comprehensive analysis comparing two urban areas Accra (Ghana) and Guatemala City
(Guatemala) indicated that in both sites, women’s employment and child care choices were highly
influenced by the age of their youngest child [103]. Mothers with children under three years of age
were less likely to be working, and if they did work, they were less likely to use formal child care as
compared to mothers with older children. In Guatemala City, another important determinant of a
woman’s decision to work was the presence of an adult woman (a potential alternative child care-
giver) in the household. In Ghana, where most urban women work in the informal sector, those who
had to resume work for economic reasons when their child was still young usually took the child
along to the workplace [104]. Depending on the work environment, this may or may not be positive
for the child, but at a minimum it is likely to help facilitate breastfeeding, which confers important
nutritional and developmental benefits to the child [105]. The number of hours a mother works each
day, rather than the mother’s employment status, has also been associated negatively with child

10The countries and year of survey included were for Asia: Bangladesh 1993 and Pakistan 1991; for Africa: Ghana
1993, Senegal 1992/93, Tanzania 1991/92, Zambia 1992; and for Latin America: Brazil 1996, Colombia 1995,
Dominican Republic 1991, Guatemala 1995 and Peru 1992.
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nutritional status in urban Dar-es-Salaam, Tanzania, but type and quality of substitute childcare was
not analyzed [106].

One of the greatest threats of maternal employment to child caring is its potential negative impact
on breastfeeding (a unique practice where a maternal substitute cannot be used [in most cases]).
Unfortunately, there is very little research on the effects of maternal employment, and of different
types and conditions of employment, on the ability of mothers to adopt optimal breastfeeding and
complementary feeding practices. Earlier studies showed that maternal employment was not a main
determinant of shorter breastfeeding duration or of breastmilk substitute use [107, 108]. The few
studies that have looked at maternal employment and complementary feeding practices also found
little evidence overall of a link between the two, or of an association between maternal employment
and preventive or curative health seeking behaviors and psychosocial care, and child health and
nutritional status [104, 109110111]. The key factor consistently associated with better caring prac-
tices was maternal schooling, which was not associated with employment status in the studies cited
above. Again, the availability and quality of substitute child care can have tremendous effects on
mitigating the potentially negative effects of maternal employment on child welfare, but this area is
grossly understudied.

Additional indirect evidence that women’s employment in urban areas of developing countries
may not necessarily have a negative impact on child caregiving practices again comes from global
urban–rural comparisons. Using DHS data from 36 countries, Smith et al. [112] found that com-
plementary feeding practices (timing and frequency of feeding complementary foods) and health
seeking behaviors were substantially better in urban compared to rural areas, even in countries where
a large proportion of women were engaged in income-generating activities, often away from home.
The authors attribute the urban advantage in complementary feeding and health seeking to higher
maternal education, socioeconomic status and food availability, and to greater access to health
services in urban compared to rural areas. Cawley and Liu [113], however, looked at this issue in the
USA and found that maternal employment was associated with childhood obesity and less time spent
on caregiving and food-related behaviors (e.g., women who worked spent 127 fewer minutes per day
in child care and food-related behaviors, and only 15% of this difference was offset by the husband’s
contributions to child caregiving activities).

Overall, the scant literature on maternal employment and child nutrition and caregiving in
developing countries suggests that mothers adopt a series of adaptive strategies to balance their dual
role as income earner and child caregiver, such as stopping work around the perinatal period, working
fewer hours or take their infant/young child to the workplace to preserve breastfeeding and ensuring
adequate care. Although these adaptive strategies seem to be successful in protecting caregiving
practices and children’s nutritional status, they may, however, jeopardize the mothers’ ability to
generate income and to protect their household’s livelihood and food security, especially if they are
the sole income earner.

Formal and Informal Safety Nets

There is often a general perception that urban dwellers have greater access to formal safety nets.
A 2014 survey analyzing data from more than 100 countries, however, shows that on average, there is
less coverage of social safety nets among urban populations (21% of people covered) compared to
rural populations (28%).11 This distribution may be explained by the fact that globally, the majority of
the poor still reside in rural areas, both relatively and in absolute numbers. Among other possible
explanations, there could be a tendency to believe that urban populations do not need safety nets since

11World Bank, ASPIRE project: http://datatopics.worldbank.org/aspire/, accessed June 24, 2015.
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more employment options are present in cities, even though jobs may be low-paying and insufficient
to meet demand [114].

Compared to rural populations, it is assumed that the urban poor tend to live more transient lives:
They may be rural migrants or simply move around more as circumstances change, seeking housing
and jobs. The transient nature of the urban poor can present a challenge for safety net programs, as the
targeted population can be difficult to locate and to maintain in the program. Nonetheless, over time
some countries, such as Mexico, Colombia and Indonesia,12 have been able to expand social pro-
tection programs originally instituted to support the poor in rural areas, to include poor households in
peri-urban areas and cities. Governments are also creating policies specifically designed to support the
most vulnerable urban residents, especially migrants and the unemployed, but the challenge of
reaching vulnerable individuals and groups who fall outside the system remains.

Despite challenges, certain characteristics of urban areas may increase the chances of success of
social assistance programs. In urban areas, information flows are generally better than in rural areas
[115], making raising awareness about the program easier, and access to markets and facilities for
cash transfers are also generally easier. In remote environments, traveling distances to collect transfers
or to access markets can effectively diminish the value and impacts of the transfers. An accessible
network of complementary services, generally more prevalent in cities compared to rural areas, can
also improve the effectiveness of social assistance, especially for those programs that are conditioned
on school attendance or use of health services. In Brazil, mortality from poverty-related deaths (e.g.,
malnutrition, diarrhea) in children under five years of age declined as the coverage of the conditional
cash transfer program increased; importantly, these program effects were stronger for populations
with access to a complementary healthcare service, as compared to those covered by more traditional,
distant healthcare facilities [116]. NGOs and community-based organizations are often active in urban
areas as well and can serve as important catalysts for improved social cooperation.

The poor may also rely on informal safety nets, which are commonly underpinned by social
capital, meaning “features of social organization such as networks, norms, and social trust that
facilitate coordination and cooperation for mutual benefit.” [117]. These links tend to be most
extensive and strong within immediate and extended family networks, because they rely heavily on
social trust and reciprocity. Such links may be weaker in urban compared to rural areas, however,
because of weaker identification with the community (especially when residence is temporary); higher
levels of violence in urban areas, which can diminish the trust necessary for non-family collective
action; and the fact that family members may live apart from one another, reducing the ability to
undertake activities that do not rely on immediate reciprocity [118].

Availability and Access to Environmental and Health Services and Food
Safety

The section reviews access to environmental and health services in urban areas, which are critically
important for shaping food security and nutrition because they directly affect health and nutritional
status.

Health services are generally more available in urban compared to rural areas of developing
countries [119], but lack of access and use is often a key constraint, especially for the poorer segments

12World Bank case studies: Indonesia: Fernandez, Luisa (2014). “Urban Safety Net Case Study: Conditional Cash
Transfer (PKH) Program in Indonesia”. World Bank, Jakarta. Colombia: Vásquez, María Claudia (2014). “Case Study
on Urban Social Protection. Conditional Cash Transfer Program in Bogotá, Colombia: “Familias en Acción”. The
World Bank. Mexico: Dávila Lárraga, Laura (2014). “Urban Social Protection in Mexico: The Human Development
Opportunities Program—Oportunidades”. The World Bank.
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of the population. An analysis of DHS data from the 1990s from 35 countries found that overall urban
dwellers were more likely than rural dwellers to use health services both for curative purposes—e.g.,
for childhood acute respiratory infections, fever or diarrhea—and for preventive services such as
immunization [120]. A systematic review of 30 studies on inequalities in the use of maternal health
care in developing countries found urban–rural differences in favor of urban dwellers for the use of
skilled workers at delivery and the use of a medical setting for delivery, but less consistent results for
use of antenatal care in the first trimester [121]. On the latter, one of the studies reviewed (from
Jamaica) showed that urban women were less likely than rural women to attend antenatal care during
their first trimester of pregnancy. Similarly, a recent review using data from 6 countries in
sub-Saharan Africa (from late 1990s/early 2000 to 2011) documented the existence and persistence of
inequalities in the use of three key maternal health services (antenatal care, facility-based delivery and
modern contraception) in favor of wealthy and urban women [122]. The findings also show that
countries where wealth and urban–rural inequalities decreased over time made greater strides in
reducing maternal mortality than the countries where inequalities persisted.

As shown previously for other indicators, simple urban–rural comparisons mask socioeconomic
disparities, which tend to be particularly large in urban areas. Within urban areas of India, for
example, 83% of pregnant women in the top three wealth quartiles attended at least three prenatal
healthcare visits, as opposed to only 54% in the poorest quartile, who tended to reside in slum areas
[123]. Also in India, an analysis of data from the National Family Health Surveys (1992/93 and
2005/06) showed that the urban poor were at a clear disadvantage compared to the non-poor in terms
of utilization of the same three maternal reproductive health services mentioned above in the African
study [124].

Clearly, the greater availability of health services in urban compared to rural areas does not mean
that all urban dwellers have equal access. Although healthcare access is often even more limited for
many rural women, at least in India, a continuum in healthcare use has been described—from rural
total, to urban poor, to urban non-poor [124].

Access to Safe Water and Good Sanitation

Many urban dwellers live in crowded, often unplanned, environments with limited access to quality
water sources, poor sanitation, water drainage and waste disposal services. This makes it almost
impossible to prevent contamination of water and food, maintain adequate levels of hygiene or
control insect vectors of disease (such as dengue and malaria). Higher population density exacerbates
the health risks of these conditions, so urban populations are particularly vulnerable [125]. Children
and women, especially pregnant women, are those most affected by improper sanitation as they have
a greater need for accessible, safe toilets and often take on the role of cleaning shared facilities [126].
Since improperly functioning sanitation systems are known to contaminate water sources, the issue of
safe water is inextricable from that of good sanitation.

Urban child mortality has been shown to decrease as countries improve their access to safe
drinking water [127]. Annually, 1.5 million children under five years of age die from illnesses related
to unsafe water and poor sanitation, and in 2010 the UN General Assembly adopted a resolution that
established access to safe water and sanitation as a basic human right [128]. Water- and food-borne
diarrheal diseases also continue to be highly prevalent in urban areas. The prevalence of diarrhea
among young children in urban areas is often high, or higher than in rural areas. A recent analysis of
DHS data from 73 countries showed that children in smaller town slums were at higher risk of
diarrhea than average for children living in urban or rural areas (who exhibited equal risk) [17].
Probably for this reason, improving access to sanitation in urban areas has been found to have a
slightly higher impact on diarrhea in comparison with rural areas [129].
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Since 1990, however, water and sanitation conditions have improved significantly. According to
WHO/UNICEF [130], over 1.6 billion people gained access to improved13 sources of drinking water
between 1990 and 2012, but 750 million people still rely on unimproved sources. In 2012, in
lower-income developing countries (termed less developed countries (LDCs) in the report), 84% of
urban populations were using improved water sources, up from 79% in 1990. Rural populations in
LDCs also gained access to improved water sources, increasing from 42 to 60% during the same
period. Looking more broadly at developing regions of the world, access to improved water sources
reached 95%, up from 93%, for urban populations and 80%, up from 58%, for rural populations. As
of 2012, most regions had met the 2015 Millennium Development Goal (MDG) of halving the share
of population without sustainable access to safe drinking water, or were on track to meet it, with the
exception of sub-Saharan Africa, Oceania, and the Caucasus and Central Asia [130].

Similarly, significant progress has been made in improving sanitation. Between 1990 and 2012,
almost 2 billion people worldwide gained access to improved sanitation,14 but there are still 2.5
billion people who do not have such access and one billion people who practice open defecation
[127]. Access in urban areas of LDCs increased from 38 to 48%, whereas access in rural areas
continues to lag behind (having increased from a low 14 to 31% in the same period). In developing
regions, access to improved sanitation increased from 64 to 73% in urban areas and from 21 to 43% in
rural areas. Given population growth in urban areas, the numbers of people without sanitation in
urban areas actually increased from 541 million in 1990 to 756 million in 2012, whereas in rural
areas, the numbers dropped from 2.17 billion to 1.77 billion in the same period [130]. Again
considering regional progress toward the global MDG, all regions except sub-Saharan Africa,
Southern Asia and Oceania either were on track to meet or have met the target to halve the proportion
of the population without sanitation. The number of people practicing open defecation has sharply
declined by 21% during this same time period, from 1.3 billion to one billion. Open defecation in
rural areas accounts for the vast majority of this occurrence; however, it is on the rise in some urban
areas [130].

As noted above, although water and sanitation facilities are generally more readily available in
urban compared to rural areas, there are often large differentials within urban areas in access to these
services. In urban India, 62% of households from the three upper wealth quartiles, compared to 18.5%
in the poorest quartile, had access to piped water at home [123]. Similarly, in Mombasa, Kenya, less
than 20% of people living in informal settlements had access to piped and other improved sources of
water compared to more than 60% among those living in formal settlements, and even within
informal areas, wealthier households had much greater access to piped water [131]. Also, although
water quality is generally superior in urban compared to rural areas [132], urban dwellers often have
to pay for safe water. Slum areas, which are often located in unplanned areas, may be particularly
affected. For example, between 1993 and 2003, slum households in Nairobi, Kenya, experienced a
33% decrease in access to piped water, while access decreased by 18 and 5% in other urban areas and
in rural areas of Kenya, respectively [127]. Even when they pay for water, slum dwellers who
purchased cheap bottled water have been shown to have greater risk of child morbidity, undernu-
trition and mortality in Indonesia, compared with those who have access to safe water or who
purchased better-quality bottled water [133].

13WHO/UNICEF (2014) uses the following definition for an improved drinking water source: “…one that, by the nature
of its construction, adequately protects the source from outside contamination, particularly faecal matter.” Included in
this grouping are (1) “piped water on premises: piped household water connection located inside the user’s dwelling,
plot, or yard,” and (2) “other improved drinking water sources: public taps or standpipes, tube wells or boreholes,
protected dug wells, protected springs, rainwater collection.”
14WHO/UNICEF (2014) uses the following definition for an improved sanitation facility: “…one that hygienically
separates human excreta from human contact.” Included in this grouping are facilities that “flush/pour flush to piped
sewer system, septic tank, pit latrine; ventilated improved pit (VIP) latrine; pit latrine with slab; composting toilet.”
Facilities that are public or shared between households are not grouped as improved.
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Nevertheless, the urban and rural poor face different challenges and advantages in accessing water
and sanitation. While the rural poor do not have to rely on cash income for these types of services, the
urban poor do not have to travel as far to reach safe water or improved sanitation facilities [95].
However, informal urban housing areas shelter high concentrations of poor populations in need of
safe water and sanitation, yet their legal status or location, that is, in areas which are flood-prone or
lacking physical space for facilities, creates legal and planning challenges for improving water and
sanitation services [126] and so may contribute to inequality in urban areas.

As a public good, proper sanitation has shared benefits, particularly apparent in crowded urban
spaces. Collective action may be needed for residents to make their communal needs known and to
manage community resources such as safe water and sanitation infrastructure. Case studies have
shown that co-production, where communities and public agencies work together to address public
goods problems, can be a successful model for addressing sanitation issues. Still, as noted above, the
social capital required for this cooperation may be weak in informal urban settlements [125].

Food Safety

Food safety is a major concern in urban areas where supply chains are longer or otherwise originate in
polluted urban areas; traceability and accountability measures are lacking or absent; and low-cost
street foods are unregulated. While there is insufficient meta-analysis on food safety in urbanizing
areas, research and case studies on food contamination in cities pinpoint a common set of contam-
ination points in food value chains, such as wastewater irrigation, contaminated soils and unsanitary
market conditions.

Urban/peri-urban food production may add food safety concerns to those that already exist in rural
production [134]. In 2007, analysis of eleven varieties of fresh fruits from two main markets in
Bangalore, India, showed contamination with unsafe amounts of heavy metals, which for cadmium
exceeded by seven times the limit set by the Indian Prevention of Food Adulteration Act [135].
Studies investigating food safety in vegetables supplied to Accra and Kumasi, Ghana, and Niamey,
Niger, determined that the presence of heavy metals was less of a risk for consumers than the
presence of pathogens indicative of fecal contamination. The source of Escherichia coli present on
lettuce in Niamey was believed to be from ruminant manure which was not fully composted when
used to fertilize crops. Moreover, in this study, E. coli, streptococci and salmonella were all present in
wastewater used to irrigate crops [136]. Likewise in peri-urban Mali, infant and young children’s
foods were found to be heavily contaminated with fecal indicator bacteria [137].

In Accra and Kumasi, studies by Amoah et al. [138] found the most significant contamination
point along the lettuce supply chain was at the farm level, particularly untreated water and polluted
soil, as compared to later points in the chain like the post-harvest and market levels, though these
were also lacking in sanitary practices. Although some farmers used piped water to irrigate, most
urban and peri-urban farmers could only irrigate from polluted water sources, in this case from drains,
shallow wells near streams, or directly from the streams themselves. Samples from water sources used
by farmers, with the exception of piped water, all contained levels of fecal coliform exceeding WHO
standards. Even so, crops irrigated with piped water contained pathogens from application of poultry
manure which was not fully composted. Due to the multiple points of contamination along the chain,
this study suggests that intervention at the level of food preparation may be the most effective in
mitigating risks of contaminated food.

Street food is discussed above, but it merits mention in this food safety discussion as well. The
Amoah et al. surveys cited above showed that 60% of the lettuce purchased in Accra and 83% in
Kumasi were bought by street vendors, where it was an ingredient in fast food meals. Although
available for all income levels, this street food is most commonly purchased by males (70%) in
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low-income suburbs (50%); in fact, it is often the cheapest fast food in town, and for this reason, the
health risks it poses are disproportionately borne by the poorest residents in these cities [138].

Studies on willingness to pay show increased consumer preference for food quality assurance,
fueled by food safety concerns in urban areas. In 2009, Mergenthaler et al. found that consumers in
metropolitan Vietnam were willing to pay an additional 60% of the purchase price for vegetables that
did not have agrochemical residues. The authors found this willingness to pay to be higher than that
reported for developed countries [139]. Food safety concerns are particularly high in China following
recent food safety scares involving dangerous food additives, counterfeited products, food poisonings
and sale of expired food. A survey in Beijing focusing on willingness to pay for HACCP (hazard
analysis critical control point) milk products found that almost all consumers surveyed were willing to
pay up to a 10% premium for HACCP products once they were educated on this quality assurance
certification. A small percentage of respondents were willing to pay 30–50% premiums [140]. In
2009, sales of ultra-high temperature pasteurized milk increased by 50%. This demand was fueled by
fears of adulterated milk powder which resulted in thousands of cases of sickness and infant death
[141].

While higher-income populations may have available income to pay for price premiums to pur-
chase safer food, the poor have fewer economic options and often lack electricity and/or access to
refrigeration to safely store fresh or leftover food or to the use of hot water and other electric
appliances to improve food safety practices [142]. Access to electricity has been shown to be a key
factor in reducing child mortality in urban areas, independent of income, in an analysis of DHS data
from 60 LDCs in the 1990s [143]. For rural populations, immunization coverage was the primary
factor responsible for reductions in child mortality. On average, urban dwellers generally enjoy
greater access to electricity than their rural counterparts; in Bangladesh, 71% of urban households
have access to grid electricity, as compared to 20% of rural households. In South Africa, the urban–
rural disparity is 80–50, and in Brazil, 99–77 [144].

Overall, access to safe food, control of environmental contaminants and effective quality assurance
remain critical concerns for food safety in urban areas. While policy recommendations depend on the
specific context at hand, it is clear that more systematic food quality assurances are needed and valued
by urban inhabitants.

Implications for Policy, Programming and Research

This review highlights the dearth of information available to guide decisions about food security and
nutrition policies and programs in urban areas. The slow awakening of the research community to the
changing nature of urban poverty, food insecurity and malnutrition has left many research gaps to be
filled. In almost every aspect of urban food security and nutrition covered here, the data and evidence
are outdated, incomplete or insufficiently focused on the needs of and conditions facing the most
vulnerable populations or, particularly in the case of physical activity, on the developing-country
context. This includes weaknesses in terms of basic statistics about food insecurity and malnutrition,
where even a clear agreed-upon indicator of food insecurity does not exist [145] and where few
statistics are available about micronutrient deficiencies, which seem likely to become an even more
important consideration as the focus on diet quality grows. National-, regional- or city-level data are
sometimes available, but are not sufficient in number to provide global overviews or reliable rural–
urban comparisons. The greatest amount of research so far seems to be around changing dietary
patterns and the rise of supermarkets, although we have limited information about what the conse-
quences of these changes are for urban versus rural consumers, or for the poorest, most food insecure
and most malnourished.
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In order to counter the rising challenge of the nutrition transition as well as truly achieve zero
hunger and malnutrition, policymakers and programmers must better understand and take into
account the challenges and opportunities found in urban areas of developing countries. They need to
design policy and program instruments that can: (1) increase the availability and access of the urban
poor to healthy, nutritious and safe foods and stimulate demand for high-quality diets; (2) facilitate
physical activity through smart urban development that will ease access to—and affordability of—
recreational facilities, encourage physical activity for daily transport and commuting and enhance
safety; (3) promote and support urban agriculture where space and conditions allow; (4) support the
production of safe, affordable and nutritious street foods; (5) create stable income-generating
opportunities for urban dwellers, especially the poorest segments; (6) design cost-effective safety nets
and other social protection programs and accurate targeting mechanisms to reach the poor to help
them cope with shocks and build assets; (7) ease the trade-offs for working mothers by providing safe,
affordable, accessible child care options of good quality; and (8) improve equal access of poor urban
dwellers to health care, water, sanitation, waste removal and electricity.

Specifically, we urgently need updated and accurate data on the state of poverty, food insecurity
and malnutrition in both urban and rural areas and among the most vulnerable populations.
Disaggregation by location is needed to help policymakers and programmers make decisions
regarding investments, prioritization and targeting. Figures need to provide a complete picture and so
need to include data (collected over time in order to get at trends) on the multiple manifestations of
malnutrition, including undernutrition, various key micronutrient deficiencies, and overweight and
obesity. The figures need to be reported by gender and age groups and by income group.

We also need data and more comprehensive analyses to better understand the impacts of the
rapidly changing food systems on urban livelihoods, diets and physical activity and on the nutritional
status of urban dwellers. Research must help particularly to understand the conditions and unique
challenges of the poor and those at most nutritional risk, who in spite of living in areas with
infrastructure, basic services and fancy retail stores are often unable to access these services.

Surprisingly, little research has been done in developing countries on the urban food system and its
interaction with the poor. Little comprehensive, reliable information exists about how and from where
the urban poor actually access their food; what the influences on or constraints to a healthy diet are,
including the effect of mass media, prices, market availability and the built environment, including
electricity; and how these diets and influences vary by age and across population groups, including
women, men, adolescents and those who are often outside the home for meals, such as those at school
or at work.

Characteristics of the urban food system present challenges to nutrition, such as greater accessi-
bility to highly processed foods, but also opportunities, such as having easier access to shops and so
to a greater variety of foods or providing potential platforms to educate consumers and promote
healthy eating choices. On a broader scale, research has been sporadic about the environmental
sustainability of these urban food systems and how they interact with the local economy and local
production.

Research is also needed to better understand the benefits and risks of urban and peri-urban
agriculture in different contexts, and ways to support urban agriculture where it has the potential to
contribute to urban livelihoods and food security, and to help poor households cope with food price
fluctuations and other shocks. If appropriately supported, urban agriculture could also serve as an
important vehicle for promoting production and increased consumption of nutrient-rich foods for
vulnerable groups such as women and young children, and for generating income for women.

The importance of social networks and public policies and programs to the food security and
nutrition of urban dwellers is also under-researched. Little is known about impacts or the costs and
benefits of particular interventions on urban food security and nutrition. Research has to support
efforts to design ways to identify the poor, hungry and nutritionally vulnerable; understand their
needs; and provide guidance on the design and targeting of programs and expansion of services,
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including those of water and sanitation, that will not only be made available to them, but will also be
able to access and afford.

While such services and programs are particularly important to mothers of young children, few
systematic studies exist about the interaction between maternal employment and its effects on child
nutrition as well as her own, the implications for older siblings who may be kept out of school to
provide substitute childcare, and household welfare more generally. Research should examine more
carefully how to address and ease the multiple challenges and trade-offs urban women face as they
juggle between work outside the home and ensuring the food security of their household and caring
for their young children. A deeper knowledge of the types of employment, informal networks and
substitute childcare urban women have access to, as well a better understanding of their preferences
and budgets, would help design more successful and affordable child care programs for poor urban
women, and better-tailored recommendations for improving infant and young child feeding practices
in urban areas, with consequent benefits for them and their families.

Conclusion

Our review confirms that the problems of urban poverty, food insecurity and malnutrition persist and
are unlikely to be resolved by rapid urbanization and economic growth and development alone.
Indeed, even though the prevalence of some forms of malnutrition is declining, with urban growth the
numbers of urban poor and malnourished are likely to increase or at best remain constant.
Undoubtedly, the location of the preponderance of the problem will shift from rural to urban areas and
has already done so in Latin America. The economic disparities within urban areas, which are
particularly high compared to those in rural areas, further illustrate that inclusive public sector action
specifically directed at tackling urban poverty, food insecurity and malnutrition is needed, rather than
simple reliance on general economic improvements. Developing countries must design comprehen-
sive approaches to promote healthy diets and nutritious food systems and eradicate undernutrition and
micronutrient deficiencies, while they also avert further rises in overweight, obesity and NCDs, and
their costs in human lives and healthcare services. Governments and development partners can no
longer ignore the unique features and needs of urban populations if they are to effectively address
poverty, food insecurity and malnutrition globally.

Discussion Points

• What are the key research gaps that need to be filled in order to better understand the global trends
in urbanization, poverty, food security and malnutrition?

• What are the most critically important features of urban life, compared to rural life, that affect
poverty, food security and malnutrition in urban areas?

• What are the key factors that need to be considered when planning programs to alleviate poverty,
food insecurity and malnutrition in urban areas (e.g., social safety net programs, programs to
improve food security, programs to increase use of health services, or behavior change commu-
nications programs that focus on improving health and nutrition behaviors)

• What types of methods should be used to analyze the impacts of changing food systems on dietary
patterns and nutrition in urban and rural areas?

• What types of policies would be most critically important to improve the economic productivity of
women in urban areas while protecting their children’s welfare? How should these policies be
implemented and targeted?
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Chapter 33
The Impact of Supermarkets on Nutrition
and Nutritional Knowledge: A Food Policy
Perspective

C. Peter Timmer

Keywords Dietary transition � Economic growth � Food policy � Food security �Marketing system �
Nutritional impacts � Role of governments � Supermarkets

Learning Objectives

• Describe the modern food supply chain.
• Explain four trends in the modern food supply chain.
• Analyze how supermarkets affect the food supply.
• Discuss how supermarkets can affect poverty and food security.

Introduction

The world of traditional food and nutritional knowledge being handed down from (mostly) mothers to
daughters through household experiences is being rapidly transformed into a learning process that
takes place in front of the television and in the aisles of supermarkets. How scary is that? It is, of
course, possible to eat a healthy (and safe) diet from those aisles, but it is not easy. Critics such as
Michael Pollan of the University of California, Berkeley, and Mark Bittman of the New York Times
complain that the modern food industry, and its food and nutritional scientists, concentrate on getting
consumers to buy highly processed foods high in salt, fat and sugar because they are very profitable.
These foods are marketed aggressively, especially on children’s television and via packaging in
supermarkets. Most of what children know about healthy nutrition comes from these two sources. As
suppliers to rich and well-educated consumers, supermarkets present serious public health challenges.
As suppliers to poor and uneducated consumers, the dangers multiply. The goal of this chapter is to
put these potential dangers from the rapid emergence of supermarkets in low- and middle-income
countries (LMICs) into the context of the essential roles that modernizing food marketing systems
play in providing food (and nutrients) to consumers. Supermarkets also offer important opportunities
to improve the nutritional quality of diets.
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Modern Supply Chains and the Marketing Sector

Food marketing systems need to move commodities “from the plow to the plate.” The ability of
particular systems to do this efficiently varies widely from country to country and even within. Some
systems have “modernized” rapidly; others remain quite traditional. The pace and impact of change
also varies widely within countries and regions, but in East Asia and Latin America the majority of
food purchases in urban areas are now from modern retail establishments, especially supermarkets.
As this chapter will emphasize, rapid changes have been taking place in the entire food marketing
system (Fig. 33.1). The transformations in this system are part of a much broader set of transfor-
mations, from the structural changes that reflect the long-run dynamics of economic growth, to
changed dietary patterns that accompany urbanization, higher incomes, and modern food technology.
Although linked to each other, rapid changes in dietary patterns, agricultural transformation and
urbanization would not be possible without modern supply chains (and integrated markets for labor,
commodities and finance—topics for a separate discussion).

Markets must play three basic functions if economic growth is going to be both efficient and
sustainable—(1) transforming food commodities in time, place and form (the traditional “engineer-
ing” functions of a marketing system); (2) the discovery of market prices for goods and services that
determine which resources are scarce and which are abundant, and hence keep supply and demand for
goods in balance; and (3) signaling to farmers and consumers, via these prices, efficient choices of
what to produce and what to buy and eat. All three functions take place simultaneously (and mostly
invisibly) in the food marketing system.

Modern supply chains have evolved primarily to provision supermarkets and their mainly urban
consumers. Traditional supply chains and markets provisioned local consumers, both rural and urban.
As populations and purchasing powermove to cities, concerns for food safety and origin are increasingly
reflected in the purchasing decisions of these urban and increasingly affluent consumers. The devel-
opment of modern supply chains, which radically change the nature of farm-market-consumer inter-
actions, can be an important source of income growth and job creation in both rural and urban areas. But
the spread of modern supply chains can also be a challenge to food security [1–3].

Traditionally, farmers were connected to consumers by a number of marketing steps, often locally
by small traders operating with minimal capital and primitive technology [4, 5]. The goal of modern

Dietary Patterns

--diversification 

--processed 

Supply Chain and

Retail Revolution STRUCTURAL Urbanization

TRANSFORMATION

Agricultural Transformation Integrated Factor Markets

--diversification     --labor productivity 

--commercialization --land markets and farm size

--scale of operations     --financial intermediation 

Fig. 33.1 Integrating five key components of modernizing food systems that are drivers of economic growth and
structural transformation
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supply chains is to reduce the number of transactions between the farmer and the consumer. A shorter
supply chain can reduce costs, shorten the time between harvest and the consumer’s table, and
increase the efficiency of the marketing system. Tracing (and documenting) the exact flow of a
commodity from the farm to retail purchases by consumers is also increasingly important to ensure
food safety.

The primary functions of the marketing sector are inherently “coordination” tasks across a network
of complex transactions. They require an adroit combination of public and private investments if they
are to be carried out efficiently because there are substantial “public goods” dimensions to a smoothly
functioning marketing system. For example, these public goods include roads and communication
systems, but also the broader regulatory and legal environment, that permit low-cost transactions [6].
Historically, these investments have been made very gradually as farmers evolved from subsistence
activities toward a more commercial orientation. Now that commercial activities are the norm, even in
economies in which efficient marketing networks have not had time to emerge, policy makers are
actively seeking new models and approaches to speed the creation of these networks. Supermarkets
might already be performing this function, with little input from the public sector. This is an example
where private supermarkets are supplanting the public sector in the (sub-optimal) provision of public
goods, especially physical infrastructure such as cold storage facilities and food safety standards.

The marketing sector becomes increasingly important as the agricultural sector as a whole
becomes more diversified over the course of the agricultural transformation, when compared with a
representative individual farm, but significantly less diversified than patterns of food consumption.
This increasing specialization of farms (decreasing diversification) is consistent with greater diversity
at more aggregate levels because of the commercialization of agriculture.

Commercialization of agricultural systems leads to greater market orientation of farm production;
progressive substitution out of non-traded inputs in favor of purchased inputs; and the gradual decline
of integrated farming systems and their replacement by specialized enterprises for crop, livestock,
poultry and aquaculture products. The farm-level determinants of increasing commercialization are
the rising opportunity costs of family labor and increased market demand for food and other agri-
cultural products. Family labor costs rise due to increasing off-farm employment opportunities, while
positive shifts in market demand are triggered by urbanization and/or trade liberalization (Quote from
Pingali and Rosegrant 1995: 171–72 [7]).

Likewise, patterns of food consumption become more diversified than patterns of domestic agri-
cultural production because of the rising significance of international trade—that is, globalization.

The growing roles of commercialization and globalization in connecting diversity of production at
the farm level with diversity of consumption at the household level spawn new problems, however. In
particular, increased commercialization requires that farmers learn how to cope with a type of risk that
is of little concern to subsistence farmers: the risk of fluctuating prices. At the same time, special-
ization in crop production increases their risk from yield fluctuations. Mechanisms for coping with
risk, including contractual arrangements with supermarkets, thus play an important role in under-
standing the commercialization of agriculture and the government’s role in it. The interplay among
price fluctuations, increasing reliance on international trade, specialization of farmers in production
for the market in response to price incentives and profitable new technology, and continued failure of
market-based mechanisms for risk management in rural areas accounts for much of the policy interest
of governments in the process of rural diversification. This policy interest in diversification is driven
by widespread political concerns over lagging farmer incomes in relation to those in urban areas, but
such diversification is impossible without a modern food marketing system [8].

Most countries want to speed up the gradual process of regional specialization and the develop-
ment of efficient marketing systems, but they have found that government investments alone are
inadequate. Well-developed, low-cost marketing systems for agricultural commodities that are
accessible to all farmers with surplus output to sell require sufficient supplies of the specific com-
modities being marketed to justify the full investments needed to capture any economies of scale to
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the system. Achieving this balance is a simultaneous process, which historically has meant the
gradual evolution of both the supply and demand side of the market. Supermarkets are internalizing
this coordination process and speeding the rate of specialization. A private marketing system—
accessible only to farmers who sell into a specific company’s procurement system and supply chain—
is closed to outside parties. It can expand in a coordinated way to stimulate specialized production in a
region, but it will be less of a public good, and can thus be exclusionary in its benefits. The lower
costs generated by specialization can confer very significant competitive advantages on regions that
are both low-cost producers of a commodity and have an efficient marketing system that has adequate
volume to capture the economies of scale implicit in the forward and backward linkages.1

The increasing dominance of modern supply chains raises concerns for both the efficiency and
equity of price formation, as more and more transactions are internalized by supermarket procurement
officers. Such transactions are not open and transparent, and hence concern will grow over the shift in
market power toward a few, large buyers, and over the likely exclusion of disadvantaged suppliers
from these arrangements. Second, however, and partially offsetting the first concern, supermarkets
can also internalize consumers’ desires for price stability and food safety, and hence can manage
procurement contracts with price stability and safety in mind. Finally, supermarkets in LMICs will
tend to be as competitive as in rich countries because much of the competition is provided by
trans-national corporations themselves. Fears about monopoly control and market power seem to be
ill-founded. The market for the food consumer’s dollar is highly contestable, even when only a small
handful of players are able to survive the cost competition.

The Rise of Supermarkets

Since the 1990s, food systems in LMICs that move food commodities from the farm to the table have
been undergoing technological and institutional changes as vast and rapid as any in history. Three
intersecting trends are reinforcing these changes. First, entire food systems are becoming more
private, with a far larger role for market forces and a much smaller role for government-owned
parastatals and cooperatives. Policy efforts to isolate domestic food economies from the world market
have increasingly been unsuccessful in the face of market incentives for private traders. Second, food
systems are becoming more integrated, with the same firm often dealing with farmers, traders,
processors, and consumers. This integration is a stark change from food marketing sectors, especially
for staple foods, that traditionally had been highly decentralized, very small scale and labor-intensive,
and usually extremely competitive, although often operating at high cost because of poor infras-
tructure and high commercial risks. And third, food systems are becoming more global, with foreign
direct investment (FDI) bringing state-of-the-art management and logistical techniques, as well as
access to (and competition from) global markets. Globalization is more than a “buzzword” in LMICs;
it is a day-to-day reality for many farmers and consumers.

The rapid spread of supermarkets is the key to understanding all three forces and how they are
interacting. The rise of supermarkets and the changed role of governments in domestic food systems
raise serious questions in three domains: (1) the fate of small farmers who need to diversify into
higher valued products than staple grains, because “market-led diversification” now means “super-
market led”; (2) the impact on welfare of consumers (including nutritional impact, which is com-
plicated because supermarkets can offer safer and often more nutritious foods) because consumers
increasingly face a confusing array of new choices, not all of which are nutritious, when shopping in
supermarkets; and finally, (3) who plans for a country’s food security, the government or

1This perspective on regional specialization has been generalized and formalized in Krugman’s work on economic
geography. See Krugman [9].
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supermarkets? Who should be responsible for ensuring stable supplies of staple foods, politicians or
the market? Is the responsibility for improving the quality of diets strictly a matter of individual
choices?

Increasingly, modern supply chains are transmitting demand signals from consumers who are
shopping in supermarkets, back up the food system, level by level, to processors, farmers and input
suppliers. Traditionally, each cell in the food system (Table 33.1) was connected locally by small
traders operating with minimal capital and primitive technology [4, 5]. Modern supply chains are far
more integrated into the farm-level procurement systems of supermarkets and are coordinated by
these firms as they seek to “drive costs out of the system.”

Four important trends emerge from the perspective in Table 33.1, when it is overlaid with
changing food consumption patterns in a given country or region [6]. First, the vertical boxes are
increasingly connected by market and non-market forces. One key conclusion for suppliers of
agricultural input technology in the private sector is that there can be no effective demand for inputs
unless farmers are able to sell surpluses into the market. This market is increasingly controlled by
procurement officers for supermarket chains, and their tendency to consolidate suppliers may counter
the effort by governments seeking to include small farmers, who are increasingly challenged as farms
are split among heirs, slow economic growth offers few opportunities off the farm, and modern
agricultural inputs are difficult to access because of credit needs. On the other hand, successful efforts
to reduce the transactions costs of incorporating small farmers into modern supply chains may
simultaneously pay dividends by making these modern inputs more accessible to farmers, and hence
making small farmers more productive.

Second, there is a clear and rapid shift from the left side column of Table 33.1 to the right side—
from the “starchy staple” sector to the “diversified foods” sector [10]. This shift reflects Bennett’s
Law—diversity of food sources in the diet increases as income increases, and the role of starchy
staples decreases [11]. This dietary diversification away from starchy staples tends to improve the
nutritional quality of the diet, although, in addition to more fruits, vegetables and animal-source food
(dairy, eggs, fish, meat) this also means more processed foods and highly industrialized meat

Table 33.1 Modernizing food supply chains: Issues for food security at both the producer and consumer level

Food grain economy (starchy
staples)

Non-staple commodities (fruits and vegetables,
meat/dairy/eggs/fish, processed foods)

Farm inputs/supplies Smaller area possible
Higher yields, stress tolerance
Quality of food crops

More value/hectare, but what role for small farmers
(what “assets” do they need to stay in?)

Farm production
(management and
knowledge)

Very knowledge intensive for
good management practices;
Access to inputs by farm size

Knowledge intensive; can there be effective
extension for new technologies? Role of farm assets

Procurement/logistics
and wholesalers

Less rural consumption as
workers leave;
More transportation and
storage;
Greater production instability
with climate change

High transaction costs of dealing with small farmers;
Issues of quality control and product traceability

Processing and value
added

Milling technology
How to add value; branding?

Large share of consumer food expenditure is spent in
this box

Retail/consumer welfare
and health dimensions

Supermarkets as suppliers of
food grains?
Increased price stability
through private actions?
Problems of access by the
poor?

Modern supply chains are funneling consumer
demands back up the system. The food system is less
supply driven

Source Reardon [2]
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production, which raise nutritional, environmental, and food safety concerns. It should be noted that
the tendency to produce more processed foods also opens the opportunity to improve nutritional
quality through fortification and it often improves food safety.

Third, this increasingly diversified, market-driven food economy is more reflective of supply chain
dynamics and consumer demand than in the past. The food marketing system is more sensitive to
rapid income growth and somewhat less sensitive to population growth. Population growth is slowing
quickly in most of Asia, and income growth continues at a rapid pace. In such environments,
understanding how demand for individual items responds to growth in incomes will be necessary for
effective planning of investments—by both the public and private sectors—all the way back the chain
to input supply. Other factors that shape consumer demand for food will also be important, such as
food technology, advertising, age structure, urbanization and globalization of tastes.

Fourth, as consumers increasingly use supermarkets as the source of their purchased food staples,
some surprising implications arise for food security. Traditionally, staples have been purchased in
small retail shops with multiple grades and varieties available. Prices fluctuated according to local
supply and demand conditions and often changed daily during periods of instability. The concen-
tration of purchasing power into a handful of supermarket chains raises the possibility that pro-
curement officers for food staples will encourage (force) their suppliers to maintain large enough
stocks so that supplies will be reliable and that prices can be kept reasonably stable. Indeed, it is easy
to imagine supermarkets, especially in East and Southeast Asia, where unstable rice prices remain a
threat to food security, beginning to compete for customers with a promise of “safe, reliable rice
supplies, at a stable, fair price.” Stable rice prices could become a private good rather than the public
good they have been historically [12, 13]. When most food is purchased in supermarkets, the debate
over how to provide food security—even in settings where volatile food prices can threaten it—will
be transformed. We are a long way from that situation in 2015, but supermarkets are increasingly
important as a supplier of basic food staples, and hence food security, in LMICs.

The Challenge to Food Security from Modern Supply Chains:
A Food Policy Perspective2

Food policy analysis is designed to illuminate welfare trade-offs as producers, traders and consumers
are buffeted by changes in technology, prices and tastes. These changes can come at the household,
sectoral, national and global levels, and supermarkets in LMICs are affecting all four. A “new” food
policy paradigm has emerged to help understand this impact. The original food policy paradigm
focused analyses on the links between poverty and food security [14]. The new food policy paradigm
stresses the “double burden” on societies facing substantial degrees of hunger and malnutrition at the
same time they face rising levels of nutritional problems of affluence—obesity, heart disease, dia-
betes, etc. [15]. With obesity now affecting more people than hunger, this new perspective is timely.

The Food and Health Dimension

At the country level, the concern in the original food policy paradigm for keeping food prices at a
level that balanced producer and consumer interests, with price stabilization around this level an
important policy objective, gives way in the new food policy paradigm to equally important concerns

2Much of this section is drawn from Timmer [16].
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for the budgetary consequences for governments (at national and local levels) of the health outcomes
of dietary choices across entire societies.

At the household level, the traditional focus on access to foods (including intra-household access
and distribution) stressed income and price variables, with a very limited role for household education
and knowledge (except possibly in the derived demand for micro-nutrients). Much of the quantitative
research in food policy over the past three decades has involved a search for the behavioral regu-
larities that linked households to these market-determined variables [17, 18].

The contrast with the new concerns is sharp. Health professionals are either pessimistic about the
political reality of using economic variables to influence dietary choices (one debate is over the
efficiency of taxing fats and/or sugar in foods, taxing fat people, or taxing the health consequences of
being fat), or are doubtful that economic incentives will actually change dietary behavior where
affluence permits a wide array of choices [19]. Consequently, there is a much sharper focus on trying
to change lifestyle through improved health knowledge and nutrition education. Supermarkets are
becoming a part of that debate. Early evidence suggests that diets change for the worse when poorer
consumers start using supermarkets, with highly processed and high-fat foods replacing less refined
and more nutrient-rich foods [20, 21]. Still, there is remarkably little hard evidence on the impact of a
switch from traditional markets to supermarkets on dietary patterns and nutritional well-being,
especially the differential impact on children, who could benefit from improved access to dairy
products and other animal protein, as well as fortified and safer foods.

The international nutrition community is engaged in a pointed debate over whether approaches to
changing lifestyles through education will work. In particular, if the dietary patterns of affluence have
a significant genetic component—that is, humans are “hard-wired” for an environment of food
scarcity and have few internal control mechanisms over dietary intake in an environment of per-
manent affluence and food abundance—much more coercive efforts may be needed to change dietary
behavior (and activity levels) than is implied by the education approach. On the other hand, such
coercion directly contradicts consumer sovereignty and the basic principles of a democratic society.
The more prominent attention in the new food policy to health problems arising from modern diets is
tending to raise tensions between development economists and nutrition professionals.

Supermarkets are both the purveyors of the food abundance (and much of the “junk” food sold)
and a possible vehicle for bringing about dietary change, either through improved nutrition education
within stores, active promotion of healthier foods, health warnings on particular foods that cause
nutritional damage, such as soft drinks with high sugar content, or even regulations on what kinds of
foods are available for purchase. The rapid spread of private standards for food quality, those
established by individual supermarket chains, on food safety and aspects of production technologies
shows that public policy is not necessarily the fastest or most effective way to bring about changes in
food marketing. These standards could easily incorporate health dimensions as well, especially if
lawsuits over “fast food” contributions to obesity begin to be won by litigants. Such private standards
would, in effect, have supermarkets provide a public good (although not at optimal levels). Some
supermarkets in the USA are experimenting with these health themes, but even in the USA this
remains a niche market. There is no evidence that supermarkets are attempting to play this role in
LMICs, apart from the advertised food quality and safety standards they enforce in nearly all parts of
the world where supermarkets have a significant share of food consumption.

The Poverty and Development Dimension

One of the key messages for LMICs in Food Policy Analysis [14] was the link between poverty and
food security, at both the national and household levels. In turn, poverty was considered primarily an
economic problem that could only be addressed in a sustainable fashion by linking the poor—mostly
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in rural areas—into the process of economic growth. A dynamic agriculture as a stimulus to forward
and backward linkages within the rural economy served as the “prime mover” in this process.
Through improved agricultural technology, public investments in rural infrastructure, and the end of
“urban bias” that distorted incentives for farmers, policy makers could have a simple and clear
approach to reducing poverty and improving food security.

With success in the rural economy, migration to urban areas would be more of a “pull” process
rather than a “push,” especially if favorable macroeconomic and trade policies were stimulating rapid
growth in a labor-intensive manufacturing industry (and construction). In combination, these activ-
ities pulled up real wages and, when sustained, led to rapid reductions in poverty [22–24]. In many
ways, this paradigm of successful structural transformation could be described as an “inclusion
model” because of its focus on including the poor in the rural economy, including the rural economy
in the national economy, and including the national economy in the global economy. Its greatest
success was in East and Southeast Asia since the late 1960s, but the model has been under attack as
the benefits of globalization seem not to be as widely shared as earlier hoped.

The failures of globalization provide another theme for the new food policy paradigm around the
analytics of “exclusion.” At the national level, the question is why so many countries have been
“non-globalizers.” The essence of the debate is whether the global economy, in the form of rich
countries and transnational corporations, has excluded these countries from participating in trade and
technology flows, or whether the countries themselves have been unsuccessful in the process because
of domestic shortcomings in policies and governance, including corruption [25].

The debate has a local focus as well. Within an otherwise well-functioning and growing economy,
many groups can be excluded from the benefits of this growth. Unskilled workers unable to graduate
to higher technologies and uneducated youth unable to compete in a modern economy are a sizeable
proportion of the work force in countries with poor manpower and training policies and resources.
Globalization makes it more difficult for these countries to compete for trade and investment flows
that would provide the first steps up the ladder of higher productivity [26].

Integrating the Food and Health Dimension with the Poverty
and Development Dimension

From an economics perspective, the ultimate impact of supermarkets in LMICs will be on the level
and distribution of improved welfare for consumers (producers are consumers too). What happens to
small farmers, traditional traders and family-run retail shops will be factors in both the size of welfare
gains and their distribution, but many other factors will also come into play. From the perspective of
possible government policies to make the supermarket revolution serve farmers and consumers better,
a fully informed analysis on the impact of these rapid changes in the food marketing system must
incorporate all of those factors. A political process, informed (we hope) by good economic analysis,
will then determine the nature of compensatory actions needed so that losers in this revolution do not
end up in poverty or mobilize enough political resources to stop the technological transformation
itself. The discussions about the nature and extent of these compensatory actions begin to frame a
research agenda that links food policy analysis with the rapid emergence of supermarkets.

Economic progress creates winners and losers, and understanding of the process as “creative
destruction” dates to Adam Smith and Joseph Schumpeter. The tensions generated during this process
have continuing relevance as powerful new technologies boost productivity in rich countries and poor
alike [27]. From this perspective, supermarkets are simply a vehicle for the transmission into LMICs
of new technologies, potential for scale economies, and new buying patterns of consumers, and are
thus the latest manifestation of a long-run process of globalization and structural transformation [24].

There are, of course, many problems with this process of economic transformation. A longstanding
criticism of capitalism is that it stimulates a highly unequal process of economic growth [28]. Rich
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owners of financial capital and privileged workers with higher education and advanced skills are paid
high returns in a market-oriented economy. What they possess is scarce, and markets reward scarcity.
Individuals with only their unskilled labor to sell are plentiful. Their market wages are low and these
individuals are poor. Making growth work for the poor in a market economy requires that these basic
and fundamental forces be overcome, either through the sheer rapidity of economic growth or through
ancillary measures to ensure that the poor connect to growth [29].

History is full of experiments on how to make an economy work for the poor, from totalitarian
communism to democratic socialism, from central planning to “third way” market economies where
governments provide a wide array of social services and safety nets to the population. These historical
experiments have a surprising and powerful lesson: rapid economic growth that connects to the poor
(now widely termed “inclusive growth”) has been the only sustainable path out of poverty for both
countries and individuals [30, 31]. The question is whether supermarkets are part of this path or part
of the problem in trying to stay on it.

As an academic field, food policy analysis was “invented” to provide a framework for answering
such a question. The central analytical vision of food policy, developed in the late 1970s and
articulated in the early 1980s, integrated farmer, trader, and consumer decision making into the open
economy, macro-framework needed for rapid economic growth [14]. Although radical at the time, the
explicit goal was a sharp reduction in hunger and poverty, which would be possible if market
incentives stimulated productivity and income gains in agriculture, while poor consumers were
protected by stable food prices and rising real wages. The marketing sector was the key to connecting
these two ends of the food system. Supermarkets were not mentioned because they were a feature of
developed countries’ economies and the “food policy paradigm” focused on hunger and poverty in
LMICs, where supermarkets were virtually nonexistent in the early 1980s.

The analytical story, policy design, and program implementation were complicated, requiring
analysts to integrate models of micro- and macro-decision making in a domestic economy open to
world trade and commodity markets. At its best, the food policy paradigm sharply improved the
development profession’s understanding of the underlying structure and dynamics of poverty and the
role of the food system in reducing it [32]. As part of this understanding, food security came to be
seen as involving two separate analytical arenas. The first, at the “micro-household” level, required
analysis of food access and entitlements. The second, at the “macro-market” level, required analysis
of food price stability, market supplies, and inventory behavior. Again, in the early 1980s, super-
markets did not seem relevant to either level of analysis.

“Food policy analysis” provided policy makers a comprehensive, but intuitively tractable, vision
of how to connect these two arenas—households to the macroeconomic environment—and improve
food security for the consumers in their societies. As an analytical paradigm, this vision was always
driven by consumer welfare. Farmers, as food producers, and middlemen in the marketing sector that
transformed farm output in time, place and form, were seen as “intermediate” actors in the efficient
production of consumer welfare. Thus, the food policy paradigm fit squarely within the standard
framework of neoclassical economic analysis and the long-run structural transformation that under-
pins modern economic growth.

That paradigm has been challenged by the rapid rise of supermarkets in poor countries, and part of
the challenge has been the difficulty for academic research of analyzing how supermarkets affect the
food marketing system. Research that seeks to understand the impact of supermarkets on the food
systems of LMICs utilizes an unconventional mix of microeconomic modeling and econometric
testing with carefully structured company interviews and case studies [4, 5]. An important innovation
has been the “stacked interviews” that provide statistically reliable survey data that link players and
decisions along the supply chain [33].

An integrated food policy framework—incorporating both “old” and “new” issues—is needed. It
can be organized around the familiar vertical structure of the food system, with farmers at the bottom,
passing their produce up through the marketing system—now divided into traditional markets and
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modern retail outlets that include small-format stores such as “7-11-style” shops and supermarkets—
with consumers at the top of the chain (see Fig. 33.2).

Four major policy issues confront the food system along this vertical structure: (1) health and
(2) poverty concerns on the “welfare” side and (3) food security and (4) environmental concerns on
the “efficiency” side. From below, the basic forces affecting small farmers are the structural trans-
formation and the role of agriculture in that process. From above, the basic forces affecting food
consumers are behavioral changes in the context of increasing affluence and choices available.

Within this framework, it is possible to identify the key linkages from supermarkets through the rest of
the food system that policy makers will want to understand if they are concerned about food security. At
themicro-, or household level, the issue is impact of supermarkets on poor consumers, especially the role
of supermarkets in distribution of starchy staples—the main source of food security for the poor. There
has been remarkably little research on this aspect of the impact of supermarkets on food security.

At the macro-level, the issue will be the impact of supermarkets on staple food supplies, price
stability, and links to global grain markets. What role are supermarkets playing in these markets? Is
there any way to use supermarkets (instead of parastatals, for example) to manage “macro”-food
security by being the intermediary between a country’s consumers and world grain markets?

A final issue asks whether supermarkets are a major factor in the health epidemic seen in affluent
countries and among the affluent in poor countries. To what extent are processed foods, snack foods,
sugary drinks and fatty foods, the cause of obesity, heart disease, and diabetes? Are supermarkets to
blame for our rapidly rising consumption of these foods? Could they contribute to a solution?

Food consumers and behavioral change 

Health       Food Security 

Consumers

“Welfare” Supermarkets Traditional “Efficiency”

focus         Food Markets focus 

Marketing/Processors

Farmers 

Poverty     Environment

Small farmers and the structural transformation 

Fig. 33.2 Supermarkets and a food policy research agenda
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Taken together, these questions form the core of a research agenda that is complementary to the
current attention focusing on the impact of supermarkets on small farmers, and research directed at
finding policy and/or program mechanisms to help them compete successfully within the global
supply chain. In combination, the consumer-oriented and the producer-oriented research, linked as
they are by the rapid emergence of supermarkets as the dominant players in the food marketing arena,
fit comfortably within an expanded food policy paradigm.

Combining the consumer- and producer-oriented issues into the macro-dimensions of the super-
market revolution provides an opportunity to discuss the consequences of rapid supermarket devel-
opment for economic growth and income distribution. These lead to policy recommendations that
recognize the market power of supermarkets while also recognizing the sizeable public dimensions
and mechanisms of their influence.

Economic Growth and Policy Issues

Most effects of supermarkets in LMICs are likely to play out at the firm and sector level, but
macroeconomic effects will not be trivial, especially as lower food costs translate into greater real
purchasing power for consumers. The impact will then be felt through differential Engel elasticities—
greater stimulus to manufactured goods and modern services; gradual retardation for staple foods,
traditional clothing and basic housing. Managers of supermarkets themselves are fully aware of these
trends, as a stroll down any aisle will demonstrate. By passing on lower costs, or improving food
quality and convenience, supermarkets can actually speed up the structural transformation and the
agricultural transformation that is part of it [34].

There will also be significant efficiency effects. The mantra of supermarket procurement officers is
to “drive costs out of the food marketing system.” Although these “costs” are also someone’s income,
especially farmers and traders in the traditional agricultural marketing chain, lowering food marketing
costs not only allows lower consumer costs, with the effects noted above, but they also free up
productive resources that can be used in more profitable activities. This is the process by which the
productivity of all economic factors of production improves, and this improvement, including in the
food system, is the basic long-run source of economic growth [22].

A final growth effect may in the long run be the most important, the technology spillover effects
that result from the use by supermarket managers of imported information technology and modern
management techniques honed in the fierce competition of food markets in rich countries. Most of this
technology arrives as part of FDI, which has been the main vehicle of rapid penetration by super-
markets into LMICs [1, 4, 5]. It is often proprietary, and supermarket owners go to great lengths to
keep it internal to the company. But like most technologies, the knowledge that these tools and
techniques exist is the key to rapid emulation, as local managers trained by the first wave of foreign
supermarkets leave to establish their own companies and consulting firms. Thus, the spillovers from
introducing modern information technologies and management techniques can occur fairly rapidly
and have widespread effects across the entire economy, not just in food retailing.

Supermarkets will affect not only the efficiency of the food marketing chain, but also the distri-
bution of benefits from the value added in the process. In general, it is very difficult to say whether
these distributional changes will be positive or negative, that is, whether income distribution will
improve or not.

There are two important offsetting effects. On the negative side, the evidence is clear that rapid
supermarket penetration into traditional food marketing systems can quickly displace family-run,
often informal retail shops, traders in traditional wet markets, and small-scale wholesalers. In most of
these cases, the people displaced earn relatively low incomes and will have to make significant
adjustments to find new livelihoods. The distributional effect is likely to be negative and can be
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substantial if these small-scale food marketing firms are numerous and widely visible. Their imminent
demise can also generate significant political resistance to the spread of supermarkets, an effect
already being seen throughout Asia, but with historical antecedents in the USA, Europe and Japan.

The impact of supermarket penetration on the farm sector has tended to be the most vocal issue.
Experience suggests that small farmers can rapidly lose access to supermarket supply chains and thus
be cut off from the growing “value added” component of retail food baskets [35]. The suggestion is
that these farmers risk falling further into poverty. But this experience is not uniform. There are
circumstances where small farmers have gained profitable access to modern supply chains. Keeping a
significant number of small farmers in the supply chain of supermarkets in the short- to medium-run is
likely to be essential for poor countries to reap widespread social benefits from the rapid domination
by supermarkets. The impact on the traditional food marketing sector will be small relative to this
impact on small farmers.

What are the potential widespread social benefits that could have positive distributional effects? The
extraordinary spread and speed of supermarket penetration suggests that consumers love them, at least
those consumers with adequate incomes to value the breadth of food-related quality services provided
by supermarkets. It is hard to argue that low-income consumers benefit differentially, at least initially,
but lower real food costs across the board (corrected for quality, safety, and convenience, all of which
consumers value) clearly have an impact of greatest importance to the poor. Efforts to slow the
penetration of supermarkets on behalf of small farmers and traditional agents in the food marketing
chain need to keep this widespread consumer benefit in the calculus. At the same time, significantly
more evidence is needed on whether food-poor consumers have access to these benefits [20, 21].

There are few policy implications that are specific to managing the supermarket revolution. This
chapter argues that the rapid emergence of supermarkets—and their associated supply chains that
include both multi-national and local firms—is a particularly visible element of a long-term and
on-going process of technological change and structural transformation that has raised living stan-
dards wherever it has succeeded. To be sure, this process requires active attention on the part of
policy makers so that the underlying infrastructure and policies that stimulate this change—and the
safety nets to cushion its impact on the poor and those who lose out—are in place. Many of these
government efforts will be part of a more general approach to good social and economic policies that
maintain equitable distribution of rapid economic growth.

Beyond that, policy makers need to be careful not to “choose winners” or “reward losers.” The
process of economic development is dynamic and unpredictable, full of “creative destruction” and
exciting innovations [27]. There will be winners and losers in the process, but only innovation and
technical change can raise living standards in the long run.

That said, the supermarket revolution does affect food security in several important ways. First,
supermarkets (and the associated changes in food supply chains) may change a number of important
characteristics of the food system, even as food policy objectives remain little changed. These
objectives are the rapid alleviation of hunger and poverty in a sustainable environment that improves
health and life expectancy.

For example, the drivers of change may now be multinational corporations rather than domestic
marketing boards; the policy levers may be nutritional education, emphasis on activity levels in
schools to prevent childhood obesity, even more coercive taxes and regulations; and agricultural
choices may be more influenced by quality standards and relationships with procurement officers than
price policies and extension agents. These changes require that policy analysts in the fields of agri-
culture, food and nutrition also have a broader perspective—and a broader set of skills—than before.

There are also likely to be some common themes for the “new” food and nutrition policy analyst—
the food system is more consumer-driven than before, the marketing system is even more important
as the efficient vehicle for transmitting consumer desires back to farmer opportunities, but there are
fewer players in the new marketing system. However, the old problems—building human capital
through education, improving the institutional environment for risk management, and stimulating
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technical change while managing its consequences—remain front and center on the agenda. The
supermarket revolution both complicates these problems—models of atomistic competition are even
less relevant than before—while it offers important new opportunities for societies to meet their food
and nutrition policy objectives.

Conclusion

The food system changes considerably when societies develop from being predominantly agrarian to
being more industrialized and urbanized. The distance between food producers and consumers
increases and consumers demand more convenient, diverse, healthy and safe foods. Supermarkets
play a major role in linking actors along the food chain to consumers, not only by ensuring supplies
become available in-time and in good condition for purchasing, especially by urban consumers, but
also by driving what becomes available, how and providing information to consumers, including
through marketing. The rapid emergence of supermarkets in low- and middle-income countries hence
plays an essential role in providing food (and nutrients) to consumers, but there are also negative
effects, including increased availability and marketing of high-fat, high-sugar and salty foods, in
supermarkets and beyond. In essence, the modernization of the food system, which is to a large extent
led by supermarkets and their interaction with actors along the supply chain, shortens the distance
between food producers and consumers but in a way that reduces the number of players and the
influence of public sector entities. On the positive side, supermarkets and modern supply chains offer
significantly enhanced food safety, the opportunity to fortify basic food staples with essential vita-
mins and minerals, and the potential to stabilize food prices, thus contributing to food security. On the
negative side, supermarkets and modern supply chains offer an enticing array of “junk foods” that are
likely contributors to the obesity epidemic and rapid spread of non-communicable diseases.
Government policies can shape both the positive and negative dimensions at the margin, but most of
the dynamics of supermarket growth are stimulated by technological changes and consumer demands
that are beyond the control of governments.

Discussion Points

• What is the link between supermarkets and farmers? How can the growth of supermarkets support
and hinder the farmers and other traditional members of the food supply chain?

• Should small farmers see themselves more as producers or consumers? What are the implications
for how they perceive themselves?

• How can the modern food supply chain be used to improve and hinder healthy dietary patterns?
What are the global market forces that would influence these patterns?

• How are public and private sectors working or not working together regarding the modern food
supply and this impact on development, food security and safety?

Acknowledgments This chapter, significantly revised from the first edition, had its origins in a paper presented at the
Sixth National Workshop on Food and Nutrition, Indonesian Academy of Sciences (LIPI), Jakarta, Indonesia, May 17–
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Introduction to Value Chains

What Are Value Chains?

The value chain describes the full range of activities that the specific actors involved undertake to
bring a product from its design and conception to its end use by the consumer. This includes activities
such as design, production, marketing and distribution. The activities that comprise a value chain can
be contained within a single actor or divided among different actors. Value chain activities can
produce goods or services and can be contained within a single geographical location or spread over
wider areas [1].

Value chains have focused mainly on a supply chain in which value is added to the product as it
moves through the chain. Most commonly, value chains are thought of as a series of activities and
actors along the supply chain, and what and where value is added in the chain for and by these
activities and actors. The point of the value chain is to create and build value at every step as a
product moves through the chain. Depending on the commodity, there are a series of activities and
actors involved with what and where value is added in the chain, for and by these activities and
actors.

Michael Porter first described value chains in the 1980s as a way to identify how and where value
can be increased in an internal business chain. Porter defines the value chain as made of primary
activities and support activities (Fig. 34.1). Primary activities involve inbound logistics (getting the
material in for adding value by processing it), operations (which are all the processes within the
manufacturing), outbound (which involves distribution to the points of sale), marketing and sales
(which sell it, brand it and promote it) and service (which maintains the functionality of the product,
post-sales).

The support functions, which feed into all the primary functions, are the infrastructure, human
resources, technology and procurement. These support activities, often undervalued, can change the
value of products by the quality of those services. Both the primary and support activities allow a
“company” or “business” to charge a margin, which partly comes from the value addition of the
primary and support functions and partly from the advantage that the company gains due to com-
munication of the value addition to the consumer (through advertisement and branding, trust, etc.).
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Fig. 34.1 Basic model of Porter’s value chain. From Porter and Millar [2]. Reprinted with permission
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The major goal is that the margin should be the amount a consumer is willing to pay above the sum of
the costs of all the said activities in the value chain [2].

What Are Food Value Chains?

Food value chains (FVC) are the full range of activities that are required to bring a food product from
conception, through the different phases of production, to delivery to final consumers and disposal after
use [3]. Production is actually growing, raising or making of the product. Processing is refining,
altering and potentially creating value of the product. Manufacturing is the process in which the
product is produced at a larger scale. FVCs should be distinguished from food supply chains. Food
supply chains are a generic term for the sum of the many food production, manufacturing and
marketing links from farm to table. Those links include equipment dealers, seed suppliers, food
processors, distributors and even government regulators. The term “food value chain” is a permutation
of the food supply chain concept in that quality of the end product is prioritized. Therefore, every actor
in the chain is invested in making sure the chain produces a valuable food product for the consumer.

What Is Value?

Value chains have always played an important role in the food system, particularly from an economic
perspective. Taking a value chain approach necessitates understanding a market system in its totality:
the firms that operate within an industry—from input suppliers to end market buyers; the support
markets that provide technical, business and financial services to the industry; and the business
environment in which the industry operates.

The end markets into which a product or service is sold—whether local, regional or international—
provide the opportunities and set the parameters for economic growth. Generally, there are multiple
actual and potential end markets, each with different demand characteristics and returns.

The terms “value” and “values” are used in different ways when referring to food value chains:

1. “Value-added” is used to characterize food production and processing that involves the conversion
of raw products through processes that give the resulting product an “incremental value” in the
market place. An “incremental value” is realized from either higher price or expanded market.

2. “Value-added” is also used to characterize food products that have incremental value in the
marketplace by differentiating them from similar products based on food production and pro-
cessing attributes such as geographical location; environmental stewardship; food safety; or
functionality.

3. The words “value” and “values” are also used to characterize the nature of certain business rela-
tionships among interacting food business enterprises, rather than any attribute of the product itself.

Food Value Chain Actors and Typologies

Actors Across the Food Value Chain

FVCs involve many actors: farmers, processors, wholesalers, distributors, retailers and consumers
(Fig. 34.2). These actors influence the way in which food is produced, processed, distributed,
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marketed and consumed and whether or not nutritious foods are available, affordable and acceptable.
In addition to these actors, policy actors (not depicted in the figure) can also shape FVCs. For
example, agriculture policies affect what is grown, raised, processed and sold, which subsequently
influences the food environment in which consumers make decisions about what to eat [4]. Thus, the
decisions made by one group of actors have implications for the other actors along the value chain.
Moreover, these actions need to be responsive to consumer demand and preferences. The FVC is
often discussed from the producer’s perspective—the supply side. Little emphasis is placed on how
informed consumers can play a role in influencing the value chains, and how changes in the demand
for specific foods can influence the processes and outputs of value chains. In order to increase
consumption of nutritious foods, both the supply and demand sides of the value chain need to be
considered. The private sector—from large multinational companies to small, local agri-business
enterprises—is central to linking one end of the chain to the other.

The Role of the Private Sector

In 2011, Porter published an article in the Harvard Business Review entitled “Creating Shared Value:
Redefining Capitalism and the Role of the Corporation in Society” [6]. The article posits that
companies can create shared value by creating economic value in a way that concomitantly creates
value for society by addressing its needs and challenges [6]. Given that the private sector actors are
integral to FVCs, there is an opportunity for creating shared value in terms of nutrition.

The role of the private sector in both the primary and secondary activities of the FVC is key. The
food and beverage industry spans the entire value chain approach—from food production, to pro-
cessing, storing to delivering to the consumer. “With rising consumer incomes, urbanization and the
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need for preservation and convenience, the food industry will play an expanding role in processing
agricultural outputs into food products. The logistics and distribution capabilities of food companies
offer an unparalleled worldwide reach into urban and, increasingly, rural markets” [7]. The industry’s
role is in the driver seat to maximize nutritional outcomes throughout the entire value chain.
Supermarkets can improve the food marketing chain as well as distribute the value-added benefits of
foods. “Entire food systems are becoming more private, with a far larger role for market forces and a
much smaller role of government-owned parastatals and cooperatives” [8].

Types of Food Value Chains

Developing country FVCs have experienced a rapid transformation in recent years. Only a few
decades ago, most food was grown for household food consumption among smallholder farmers
living in rural areas. Food was also purchased at small, localized markets [9]. That has changed. Now,
most food purchased by consumers has travelled longer distances and has touched several different
actors across a FVC. This has been influenced by changes in food consumption patterns prompted by
rapid urbanization, income growth and expansion of modern retailers, processors and distributors [9].
Furthermore, more and more households are moving out of rural areas into urban centers, where they
utilize modern supermarkets and are diversifying their diets, sometimes both positively and nega-
tively. The demand for higher-valued, nutrient-rich products such as meats, dairy, fruits and veg-
etables is increasing. In addition, the markets for packaged, processed and ready-to-eat foods are
expanding, including breakfast cereals, confectionaries, ready-to-eat meals and carbonated soft
drinks, among others [3]. Rural populations also depend on FVCs for their food purchases because
most of them, including the poor, are net-food buyers and are employed in the food sector [9].

Gomez and Ricketts [9] developed a typology that assigns FVCs that focus on providing nutritious
foods to consumers into four broad categories to reflect the aforementioned transformations. The
simplified version of the four typologies is shown in Table 34.1 and includes traditional, modern,
modern-to-traditional and traditional-to-modern FVCs.

Consumers purchasing food through traditional value chains most often purchase food directly
from smallholder farmers and traders in local or regional wet markets or from traditional retailers such
as “mom and pop” shops, street vendors or roadside stands [10–12]. Traditional FVCs are mainly
informal and are common in small rural markets located relatively close to production regions but
may also travel longer distances to reach urban consumers, primarily in lower-income neighborhoods
[13]. Traditional markets may help increase access to affordable nutritious foods such as fruits and
vegetables, with the potential to lead to improvements in micronutrient intakes, particularly of B
vitamins and vitamin C; however, given the lack of post-harvest and distribution infrastructure there
may be limited year-round availability of diverse foods that can enhance diet quality [9].

Table 34.1 Typology of food value chains for nutrition

Type Description

Traditional Traditional traders buy primarily from smallholder farmers and sell to consumers and
traditional retailers in wet (mostly local) markets

Modern Domestic and multinational food manufacturers procure primarily from commercial farms
and sell through modern supermarket outlets

Modern-to-traditional Domestic and multinational food manufacturers sell through the network of traditional
traders and retailers (e.g., mom and pop shops)

Traditional-to-modern Supermarkets and food manufacturers source food from smallholder farmers and traders
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Modern FVCs are largely driven by the expansion of modern retailers in developing countries,
primarily in urban areas [9]. They involve both domestic and multinational food manufacturers and
wholesalers, in addition to commercial agribusinesses and farms [14, 15]. These value chains are
often more streamlined and have greater economies of scale than traditional value chains and are able
to offer a year-round, wide assortment of fresh and processed and packaged food products; however,
they are unlikely to reach all consumers (i.e., lower-income consumers) [9]. Although the traditional
FVCs often still dominate low- and middle-income countries, growth in modern value chains has
been high [16]. Modern value chains can impact nutrition outcomes both positively and negatively by
providing year-round availability of a wide variety of foods, mainly for high- and middle-income
households living in urban areas and by contributing to overnutrition by enhancing the availability of
inexpensive, processed and packaged foods that are often high in sugar, salt and unhealthy fat [9].

Modern-to-traditional value chains often involve distribution of primarily processed and
packaged foods produced by food manufacturers and sold through traditional retailers [9].
Modern-to-traditional FVCs allow for year-round distribution of processed and packaged foods,
targeting lower-income consumers in urban areas as well as remote markets in rural areas [9].
Increasing access to processed and packaged foods through modern-to-traditional FVCs has the
potential to decrease undernourishment in rural areas while at the same time potentially increasing
overnutrition in urban areas [9]. Nevertheless, these FVCs provide an opportunity for implementing
processed and packaged food fortification initiatives targeting micronutrient deficiencies.

Traditional-to-modern FVCs consist of smallholder farmers and traders selling primarily
high-value crop and livestock products to supermarkets and food manufacturers [9]. Smallholder
farmers and traders’ participation in these FVCs may increase incomes leading to reductions in
undernutrition particularly through indirect ways such as increased opportunities for off-farm
employment in commercial farms and post-harvest businesses [9]. However, smallholders often face
difficulties in terms of achieving the product quality and uniformity standards the modern retailers and
manufacturers require [17, 18]. The World Food Programme’s (WFP) Purchase for Progress (P4P)
initiative is trying to address these barriers among smallholders in several countries as part of its
procurement of staple crops for food aid. Box 34.1 provides an overview of the P4P initiative.

Box 34.1 An overview of World Food Programme’s P4P Initiative
The WFP, the largest humanitarian agency worldwide, is a major staple food buyer. WFP buys
these staple foods locally whenever their price, quality and quantity criteria can be met. The
P4P initiative aims to increase local procurement and achieve higher development gains with
WFP’s procurement footprint by buying food in a smallholder-friendly way. Farmers often face
challenges gaining access to formal markets, and the P4P tries to address these barriers by
focusing on the following three main pillars:

1. Demand: Test innovative ways of buying staple foods and promote marketing opportunities
for smallholder farmers

2. Supply: Support farmers to achieve better yields, reduce their post-harvest losses and
improve the quality of their crops

3. Learning and Sharing: Gather and share lessons on effective approaches to connect small-
holder farmers to markets in a sustainable way.

P4P has been found to lead to positive changes in the lives and livelihoods of participating
smallholder farmers by providing them with crucial resources and encouraging them to work
together as part of farming organizations.
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Global Context of Food Systems and the Evolution of Nutrition

Diet Shifts and Value Chains

There is a rapid transition occurring in dietary and activity patterns globally, paralleled by major
demographic and socioeconomic changes. Dietary changes include an increase in the consumption of
animal-based products, vegetable oils, sugar, sugar-sweetened beverages (SSB) and ultra-processed,
fast and street foods. Much of this shift is due to growing urbanization, increased availability of fast
food outlets and marketing and promotion of processed food products [19]. These changes, together
with a decrease in activity levels—driven largely by increases in sedentary job opportunities,
increased use of motorized transportation and decreased active transportation (i.e., walking and
cycling) likely due to insufficient infrastructure (e.g., sidewalks), and lack of leisure time—have
resulted in rising levels of obesity in many countries (including low- and middle-income) [20–25].

Low- and middle-income countries are now facing multiple burdens of malnutrition [21, 26]—a
high prevalence of undernutrition (and often associated infectious diseases) as well as a considerable
rise in overweight and obesity (and the associated non-communicable diseases (NCDs) such as
cardiovascular and coronary heart disease, diabetes and various cancers) [21, 23, 27]. While
urbanization, sedentary lifestyles and the lack of infrastructure and security of poor neighborhoods
and slums contribute to these trends in transitioning economies, rises in overweight and obesity are
now found in both urban and rural communities and there are only marginal differences between the
ratio of overweight and obesity levels in urban and rural populations [28]. Countries with marked
levels of low birth weight and stunting are sensitive to the consequences of changing diets and
activity patterns [29]. The trends in obesity are crippling some of the poorest countries, which are still
reeling from undernutrition and infectious diseases [28, 30].

Alongside increases in the prevalence of overweight and obesity in low- and middle-income
countries, there have also been marked changes to the food supply. Multinational food companies
manufacturing ultra-processed foods have begun focusing on low- and middle-income countries as a
source of growth as profit gains begin to stagnate in high-income countries [31]. This has led to an
increase in the availability, affordability and acceptability of these foods in many countries and has
transformed the food environment [31, 32]. Many of these products are targeted to the poor by using
smaller package sizes, with a low unit price, and ensuring that the products are available in both
traditional and modern retailers.

Changes in the types of food we eat, and shifts in our diet will drive a new “demand” of how food
is grown, processed and consumed [19]. While populations are growing, overall wealth among that
growing population is also increasing, particularly in places like India, China and Brazil. With this
increase in wealth comes an increased demand for higher quality, nutrient-rich products such as meat,
dairy products, and oils as well as ultra-processed food consumption. Americans account for just
4.5% of the world’s population, but eat approximately 15% of the meat produced globally [33]. On
average, the USA consumes 124 kg meat/capita/year compared to the global average of
38 kg/capita/year [34]. The countries that consume the least amount of meat are in Africa and South
Asia, where the highest burden of undernutrition lies, with consumption in some countries as low as
8.5 kg/person/year in Ethiopia and 3 kg/person/year in Bangladesh [35]. While there may be a need
to grow more crops in a sustainable way, there is also a need to ensure that food is available and
accessible in a more equitable way, that food that is grown, provided and sold is both safe and of
better nutritional quality, and consumers demand more nutritious foods [36]. These changes will
come with ethical and environmental costs to society in some way.

In middle- and high-income countries, attention and publicity are increasing to promote better
quality diets (in terms of nutrition but also sustainability). However, it is clear that the cost of such
diets is currently high [19] and even the costs of basic diets in much of the world remains higher than
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daily wages [37]. In South Africa, a middle-income country, a nutritious and healthy diet costs 69%
more than a typical South African diet [19]. Even in high-income countries, some cannot meet the
dietary guidelines, particularly fresh fruit and vegetable recommendations, and energy-dense foods
high in fat, sugar and salt are often less expensive and provide more energy per dollar spent than
nutrient-rich foods [19, 38].

Changes in value chains and their influence on the obesogenic environment have undoubtedly
contributed to these shifts in dietary patterns. In today’s environment, energy-dense but otherwise
nutrient-poor foods are increasingly accessible and affordable [19]. The obesogenic environment is
one of the major explanations for the increasing prevalence in obesity [39]. Disadvantaged, vul-
nerable and poor families often find themselves in environments that are obesogenic. They have less
access to healthy foods, have jobs that don’t allow time to prepare and consume healthy meals, and
live in environments that do not promote physical activity.

Although value chains are currently geared, in many ways, toward the production of foods that
contribute to the obesogenic environment, there is a potential to reorient them to improve the
availability, affordability and acceptability of nutritious foods. Although, FVCs for nutrition have
most often been thought of in terms of increasing access to micronutrients (e.g., biofortified staple
crops), they can also be used to promote (or discourage) consumption of foods within the context of
obesity and NCDs and have an important role in addressing the double burden of malnutrition.

Value Chains for Nutrition

Why Food Value Chains Can Contribute to Nutrition

FVC approaches are already used in international development with the objective of enhancing the
livelihoods of food producers, but they rarely consider diet quality and nutrition [3]. In low- and
middle-income countries, the FVC approach has mainly been thought of through economic, cash crop
terms. Yet more can be done within the value chain model, including ensuring that better partnerships
with unique sets of players can add value by bringing more nutrition to the value chain. By including
nutrition as an outcome of value chains, demand and supply “ends” of the chain can be linked, (with
the producer and consumer often being the same person), with a focus on ensuring that the nutritional
needs of the population are met.

FVCs touch all four aspects of food and nutrition security: production, access, acceptability and
quality of foods. In the recent Lancet series on child and maternal nutrition, value chains were
highlighted as a potential way to leverage agriculture to improve nutrition, particularly with regards to
traditional value chains for micronutrient-rich foods [40]. Many poor households predominantly
consume staple-based diets and lack access to fruits and vegetables, animal-source or wild foods of
high nutrient content [3, 41]. In order for the agricultural sector to play a more effective role in terms
of improving access, acceptability and quality of diets and more nutrient-rich foods that are lacking in
diets of poor households, there needs to be a greater focus on what happens to foods being produced
all the way to their consumption [3]. Economic constraints, insufficient supply and demand of
affordable nutritious foods, lack of nutrition sensitiveness along the agricultural value chain, and
limited appropriate information on nutrition for consumers to change behavior are critical factors that
limit poor population’s access to nutritious foods. Food and nutrient losses along the value chain,
which may be caused by ineffective or inefficient harvesting, storage, processing and handling, are
other factors that affect the availability, cost and hence affordability of nutrient-rich foods.
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Value for Nutrition

Adopting value chain approaches can be an effective way to identify the causes of inadequate food
availability, affordability and acceptability and to implement effective solutions and create long-term,
sustainable benefits for nutrition [3]. Perhaps much of this adoption can occur through the agriculture
sector. However, it should be noted that commonly, value chain approaches (particularly those
approaches rooted in agriculture) focus on the processes and actors involved from the producer’s
perspective (i.e., the supply side). Very little attention is paid to the role of consumers and how they
can influence the value chain through increased demand for nutritious foods. Figure 34.3 depicts
some of the ways in which nutrition interventions can leverage agriculture-focused value chain
activities to address the double burden of malnutrition at both the market and household level (i.e.,
consumer).

The ultimate goal of supply-side initiatives is to improve food availability at household level and
to increase household income (i.e., food access). However, evidence has shown that improvements in
food supply and household income alone are not sufficient to improve nutritional status. Thus, to
reflect a nutrition “lens” on the smallholder value chain, the demand side of the equation—the
smallholder farmer as consumer of nutritious foods—must also be considered.

The demand side relates to household decisions regarding purchase of food, allocation of resources
to different household members and knowledge of safe and nutritious food preparation and
child-feeding practices. Demand-side interventions focus on awareness, behavioral change, knowl-
edge transfer and empowerment in order to increase demand for nutritious foods and improve dietary
intake. Resources controlled by women, as well as nutrition education, are critical across the entire
chain. Because the smallholder value chain focuses on both demand- and supply-side issues, the value
chain is articulated not as a linear process but as a circle, which acknowledges that the smallholder
farmer is both the target producer and a consumer of the nutritious foods produced. In this context,
“value” is defined not only in terms of economic impact (e.g., income earned) but also as a social
impact through improved nutritional status and better health.
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Fig. 34.3 Examples of how nutrition interventions can leverage agriculture-focused value chains. Source Adapted
from USAID Feed the Future, Rwanda [42]
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The links between what is produced on the farm, the consumer who buys that food and the income
received by the producer does not stop at production [3]. Food is stored, distributed, processed,
retailed, prepared and consumed in a range of ways that affect the access, acceptability and nutritional
quality of foods for the consumer. Value chains are thus fundamental to consumption, dietary and
nutrition perspectives and not only in terms of the supply of foods. Little emphasis has been given to
how consumers can play a role in influencing value chains and how changes in the demand for
specific foods can influence the processes and outputs of value chains. Demand for healthier products
can be increased when consumers value these higher quality products, which is linked to food
preferences. Food preferences are influenced by exposure to eating behaviors of parents, caregivers,
peers and role models, to the availability of foods inside and outside the home, to cultural and social
norms as well as to new information and marketing [43]. By targeting food preferences through social
marketing, modeling of healthy eating behaviors and other mechanisms, demand for more nutritious
foods can be increased.

In addition to the role of consumer demand in influencing value chains, there has also been little
attention given to how actors, particularly women along the value chain can be better informed on
enhancing the nutritional value of local foods. Food and nutrition systems need to be rethought by
creating new business paradigms that engage smallholder farmers from a livelihoods perspective but
also from a health and nutrition perspective.

Nutrition Value Chain Actors

Figure 34.4 presents the sequence of processes and the main actors involved in a basic value chain
with a lens on nutrition, which takes food from the farm to the consumer [44, 45]. It also depicts the
two main pathways in which value chains can improve nutrition outcomes: (1) by improving con-
sumption of the nutritious foods produced by smallholders and (2) by generating income which
enables consumers to purchase healthier foods. There are various incentives (and disincentives) that
can help stimulate activity among value chain actors to produce and consume more nutritious foods,
including organizational incentives (e.g., consolidating to increase competitive advantage), financial
incentives (e.g., adding value, cutting costs, seeking profit), technological incentives (e.g., techno-
logical innovations) and regulatory/policy incentives (e.g., regulations, policies, legal decisions) [44].

Entry and Exit Points

Typically, poor households subsist on monotonous staple-based diets; they lack access to nutritious
foods, such as fruits, vegetables, animal-source foods (fish, meat, eggs and dairy products), fortified
foods or wild foods of high nutrient content. Lack of diversity in the diet is strongly associated with
inadequate intake (and risks of deficiencies) of essential micronutrients [46–48]. The resulting
deficiencies have far-reaching health and nutrition consequences, both in the short and the long term.

One of the main uses of value chain analysis is to help identify points in the chain that can be
“leveraged for change” [44]. Targeting leverage points can reduce the likelihood that nutrients are lost
or exit the value chain as well as enhance the nutritional value of specific nutrient-rich foods. Exiting
points, such as food and nutrient losses that occur along the value chain, are caused by ineffective or
inefficient harvesting, storage, processing or handling, reducing availability and raising the price of
nutrient-rich foods. The poor are at highest risk of exposure to unsafe food, and since malnourished
and micronutrient-deficient children are most susceptible to the health risks associated with unsafe
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food or water, they have the most to gain from improvements in the nutritional value and safety of
foods [3].

It is also important to understand potential entry points: to enhance (or prevent losses) in the
nutritional value of foods during processing or to fortify (or restore the nutrient content of) foods
formulated for special groups (such as complementary foods for young children or nutrient-rich foods
for pregnant women or people living with HIV). Entry points to educate and raise awareness among
the different actors in the value chain are also important in terms of stimulating demand for the target
products. Economic constraints, lack of knowledge and information, and related lack of demand for
nutritious foods are critical factors that limit poor populations’ access to such foods. Figure 34.5
shows ways in which more nutrition can enter or exit FVCs.

As FVCs have become more popular in terms of improving nutrition in development, tools to help
extension workers, non-governmental organizations and researchers to apply value chain analysis in
the field have been developed. These tools help guide value chain analysis and identify potential
leverage points in the chain. By mapping the FVC, it is possible to identify areas where nutrients are
lost or exit the value chain and to identify potential solutions to try to mitigate these loses. IDS and
GAIN recently developed a “Nutritious Agriculture by Design” tool1 that aims to help program
planners put a nutrition focus on agricultural programs and the Value Chains Knowledge Clearing
House2 provides tools for farmers, practitioners and researchers to help guide value chain analysis.
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Fig. 34.4 Food value chains for nutrition. Source Adapted from Hawkes 2009 [44], Hawkes et al. [45]

1http://nutritiousagriculture-tool1.gainhealth.org/.
2http://tools4valuechains.org/.
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Nutrition-Focused Food Value Chains

Figure 34.6 adapts Porter’s value chain to a more nutrition-focused chain. The primary activities
encompass the FVC from inputs into agricultural production to food retailing, marketing and labeling.
The secondary activities relate to the supportive factors that increase the likelihood of adding nutrition
value along the FVC. Throughout the nutrition-focused FVC, there are opportunities for creating
shared value in terms of both economic and nutritional goals.

Primary Activities

Inbound Logistics

Inbound logistics encompass inputs into production and agricultural production itself. The actors
involved in these processes include seed, irrigation and farming equipment companies as well as plant
breeders, farmers and laborers, among others. Adding nutrition value at this stage of the FVC can be
achieved by producing nutrient-rich crops and by maximizing yields of those crops. For example,
HarvestPlus has developed specific crop and nutrient combinations (e.g., rice biofortified with zinc in
Bangladesh and India, maize biofortified with provitamin A in Nigeria and Zambia) to deliver specific
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Fig. 34.5 Exit and entry points along the value chain for nutrition
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micronutrients to populations at risk of micronutrient deficiency in Africa and Asia [49]. Golden rice—
rice that has been genetically modified to be high in beta-carotene in order to reduce vitamin A
deficiency—provides another example of adding value in terms of nutrition before food leaves the
farmgate. Importantly, a key factor in increasing the uptake of vitamin A rich orange sweet potato in
Uganda and Mozambique was that the crop was high yielding, drought tolerant and virus resistant,
and consumers who received education on the nutritional value of the food and were encouraged to
try it reported to enjoy the taste of the food, which increased farmers’ willingness to produce this
nutrient-rich variety [50, 51].

Operations

Operations include both primary and secondary food processing and the actors (mainly the food
industry) involved in these processes. Adding nutrition value at this point in the value chain can be
achieved both by fortifying processed foods with micronutrients and by ensuring healthier inputs are
used in processed foods (e.g., using less salt, limiting trans fat, etc.). The private sector has a key role
to play at this point in the FVC.

New partnerships working across the value chain are emerging such as the new partnership
between PepsiCo and World Food Programme on the development of locally sourced chickpea-based
ready-to-use foods for treating malnutrition in Ethiopia. Danone has partnered with Grameen Bank to
develop a social business model that delivers nutrients to those who may be at risk for micronutrient
deficiencies in Bangladesh through their dairy production, along with nutrient-rich biscuits and
snacks. However, we need more of these types of models, and more partnerships to inject nutrition
into the many agri-food value chains across the developing world.
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Fig. 34.6 Nutrition-focused food value chain framework. Adapted from Porter and Miller [2]
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There is an urgent need for major donors from the private sector, foundations, and the development community
to invest in a twenty-first century approach to nutrition science.

—Yach et al. [52].

Outbound Logistics

Outbound logistics include food storage, distribution, transport and trade. Outbound logistics can
occur directly after food production (inbound logistics) or after food processing (operations),
depending on the product type. Improving nutrition at this stage of the FVC can be achieved by
increasing access to nutrient-rich foods. Ensuring proper storage of foods to reduce wastage, dis-
tributing food more efficiently and ensuring that there are roads and adequate infrastructure in place to
transport food can help increase access to nutritious foods. For example, a dairy farming development
assistance project in Zambia—which aimed to reduce household food insecurity among vulnerable
groups through increased incomes generated from the sale of milk and other dairy-related products—
improved storage and transportation through technologies for milk aggregation and cooling [3, 53].
This led to improved availability of safe, high-quality, cooled milk through milk collection centers and
increased farmer profits, diet diversity and food security [3, 53]. In Singapore, the Healthy Hawkers
Programme led to an increase in the availability and affordability of healthier oils for use by street
vendors after the Health Promotion Board worked with oil manufacturers to produce a blended oil with
25% less saturated fat than the oil typically used (palm oil) by vendors. In order to bring down the cost
of the blended oil, the Health Promotion Board worked with manufacturers to share logistic services,
including storage and delivery resources, which led to the oil being comparable in price to palm oil [4].

Marketing and Sales

This is a very important step in the FVC to improve acceptability as well as the availability and
affordability of nutritious foods. Food retailers play a key role in terms of increasing access to foods
that have a higher content of essential nutrients, such as vitamins and minerals, without having a
higher energy density compared to similar foods. In urban populations, supermarkets are critically
important and are playing a role in coordinating markets and price determination [54]. In rural
populations, local markets, smallholder farms and small “mom and pop” shops are important in terms
of accessing nutritious foods such as fruits and vegetables and health products.

Food and beverage marketing—both by food industry and governments—can improve consumer
acceptability offoods; however, the types offoods “marketed”by these two types of actors are often quite
different. Governments and NGOs can influence consumers’ perceptions of the nutrition value of foods
by implementing regulation, mass media campaigns, adopting nutrition guidelines and nutrition edu-
cation. For example, when the USA adopted mandatory labeling of trans fat, it raised consumer
awareness [55], which then led to an increase in consumer demand for trans fat-free foods [58]. This in
turn resulted in the food industry reformulating many of their products [56]. In Mozambique, a
HarvestPlus Reaching End Users project increased the production, availability and consumption of
orange-fleshed sweet potato among rural households [57]. More than 50% of consumers who purchased
sweet potato in 10 markets indicated that they bought it because of its associated nutritional and health
benefits, which they had learned about from the educational messages (radio ads, programs, promotion
events, market signs and murals) implemented as part of the project [3, 57]. Building demand for
nutritious foods is a key component of value chains for nutrition, particularly when their appearance or
taste differs from the foods that consumers are accustomed to eating (e.g., golden rice) [58].
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Secondary Activities

The secondary activities consist of infrastructure, human resource management, technology develop-
ment and procurement. In terms of adding nutrition value in the value chain, these activities aim to
support the primary activities in the chain and increase the uptake of activities that are likely to improve
the availability, affordability and acceptability of nutritious foods. For example, ensuring that there is
sufficient infrastructure in place increases the likelihood of being able to successfully scale up
nutrition-sensitive agricultural programs and initiatives. For example, the Scaling Up Nutrition
(SUN) movement focuses on increasing in-country capacity to implement interventions aimed at
improving nutrition outcomes, while the SUN Business Network supports SUN countries to develop
plans for collaborating with business on these approaches. As part of the movement, SUN countries
mobilize resources to enable prioritization of nutrition interventions. Given that many of the initiatives
aimed at creating nutrition value along the FVC involve various sectors and disciplines, ensuring that
staff are trained in the importance of nutrition as well as being able to work with the private sector is
important. Many of the initiatives involving biofortification are joint ventures among governments,
NGOs and the private sector. In addition to improving infrastructure and human resource management,
ensuring technology development, and its uptake, by actors in the FVC as well as streamlining the value
chain by improving procurement can help increase access to nutritious foods. For example, reducing
post-harvest losses is an important point for intervention along value chains, particularly in low- and
middle-income countries where a substantial proportion of food is lost before leaving the farm gate [59].

Conclusion

Value chains are not a new concept and many working in agriculture and business have been utilizing
not only the concept, but have put value chains into practical use. Yet, very little has been done to
ensure nutrition is included and linked into the chain. This is likely a reflection of the
cross-disciplinary nature of FVCs. The analysis of FVC requires an understanding of nutrition,
agriculture, food technology, economics, marketing, etc. However, the training received by nutri-
tionists in these other areas is often insufficient. Because of this, there are still many unanswered
questions that require research, more operational understanding and collaborative investigation.
Nevertheless, FVCs for nutrition have a role to play in terms of identifying innovative ways to
improve the availability, affordability and acceptability of nutritious foods both in the context of
under- and overnutrition, and there is currently a push for conducting FVC analyses in an integrated
manner with various stakeholders. This will require buy-in from various actors in the value chain and
will need to target both supply and demand-side dynamics. There is likely a role for policy in terms of
supporting actions along the FVC that can contribute to healthier consumption patterns; however,
there is also a role for the private sector. Applying a business-lens to nutrition may help to identify
opportunities for integrating nutrition into FVCs with the goal of increasing the availability,
affordability and acceptability of nutritious foods for the population.

Discussion Points

• What are the opportunities and barriers to increase the consumer demand for and consumption of
nutrient-rich foods among the poor? Does nutrition knowledge and awareness of consumers play a
role in influencing the value chain? Where do they get their information from and what
sources/value chain actors do they trust?
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• What role does industry play in ensuring access to nutritious foods? What role should commercial
farmers/producers/processors/distributors play in value chains that are more nutrition focused?
What role do women play as they play dual roles as producers and consumers?

• How can food be enriched, processed, preserved to increase their nutritive potential along the
value chain? How can nutrient losses be avoided along the value chain? How expensive are these
alterations to foods? Are consumers willing to pay for more nutritious foods?

• How can value chains be better used to produce specialized nutritious foods for children under
two, pregnant mothers and special needs populations such as People Living with HIV?

• Where do supermarkets play a role for poor and vulnerable populations?
• How can nutrition be balanced (economies of scale/trade-offs) with economic gains, intensifica-

tion of agricultural production systems and more complicated value chain systems (i.e., USA)?
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Chapter 35
Role of Foundations and Initiatives by the Private
Sector for Improving Health and Nutrition
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Learning Objectives

• To understand the types of private sector donors who provide financial and in-kind resources and
technical know-how to development activities.

• To learn and be able to distinguish various approaches of private sector-supported nutrition and
health programs.

• To identify innovations in private sector-supported nutritional interventions.

Introduction

In the last decades, a wide range of non-state actors ranging from non-governmental organizations
(NGOs) to multi-national firms have become key players in development, the private sector being one
of them. Contributions from the private sector to development in low- and middle-income countries
(LMICs) are receiving increasing attention, and the private sector is increasingly being recognized as
a fundamental contributor to health and nutrition more specifically, by moving beyond its core
function as a driver of economic growth through corporate social investment in the form of private
foundations and initiatives [1, 2]. The “private sector” is a broad term encompassing a range of
diverse actors, and its definitions vary. Its stakeholders include the for-profit private sector and private
foundations [3]. While the former operates on a for-profit basis, private foundations are commonly
defined as “a non-governmental, non-profit organization having a principal fund of its own, managed
by its own trustees and board of directors, and established to maintain or aid social, educational,
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charitable, religious, or other activities serving the common welfare” [4 (p. 11)]. They are generally
entirely funded by their parent corporations. Additionally, there is a growing presence of high-level
family foundations that are now providing funds directed at development. These families either have
their own high net worth or bring together funders from multiple sources. This chapter will essentially
focus on private foundations and initiatives that are funded by a corporate entity.

While foundations have largely remained absent from global governance literature while other
non-state actors such as firms and international NGOs have been the subject of ever-increasing
research, the phenomenon of philanthropic private foundations as a key player in the health realm is
not new [5]. Foundations such as Rockefeller Foundation and Ford Foundation were early players and
leaders in the field of health, with Rockefeller Foundation being established over a century ago for
instance [5]. As this chapter will illustrate, the health sector continues to be a core focus for private
foundations [5]. Today’s largest private global health foundation is the Bill & Melinda Gates
Foundation with an endowment of US$41.3 billion as of June 30, 2015 [6]. The total amount paid out
by the foundation for all grants in 2014 was US$3.86 billion, of which $1.11 billion was for global
health and $1.92 billion for global development which comprises nutrition. In fact, 3% of the
foundation’s global development budget is dedicated to nutrition programs [6, 7]. In 2007, the
amount spent by the Gates Foundation on global health was almost as much as WHO’s annual budget
(approximately $1.65 billion) and was substantially more than the total grant spending of the
Rockefeller Foundation across all programmatic areas in the same year ($0.17 billion) [8]. Although
the influence of the Gates Foundation is of a different order, the Ford Foundation, W.K. Kellogg
Foundation, Robert Wood Johnson Foundation and Rockefeller Foundation are known as today’s
largest private global health foundations [9]. Nearly 2500 corporate foundations incorporated in the
USA have total assets of US$25 billion. These foundations paid out US$5.4 billion in grants in the
year 2013 [10].

There is a wide range of incentives for the for-profit private sector’s philanthropic engagement in
LMIC to improve health and nutrition; three common reasons refer to (1) risk mitigation, (2) ex-
ploring business opportunities and (3) increasing staff satisfaction. With regard to risk mitigation, a
company can choose to address risk for example in response to civil society or consumer pressure to
protect its brand from bad publicity or simply because it can positively influence how customers
perceive the brand and increase customer loyalty [3]. Likewise, private foundations and initiatives can
choose to respond to social factors that can impact the workforce of a company, including their
families and broader communities and thus the client base of the company [3]. Secondly, to address
health and nutrition challenges is increasingly presented as a business opportunity for companies,
coinciding with the incentive of making profit and an increased focus on innovations that respond to
new demands and societal needs and which ensure sustainability. Furthermore, the 2010 United
Nations (UN) Millennium Development Goal (MDG) Summit Joint Statement underlines that the
leading companies of the future will be “those that do business in a way that addresses the major
development challenges” [11 (p. 20)]. Thirdly, staff satisfaction in the form of contributing to
something good which employees can feel proud of, is an equally important incentive for the private
sector to engage in development activities. It can motivate employees and make them feel more
engaged with their company, especially if it offers them the chance to participate actively in such
efforts [3, 12].

In recent decades, an increasing number of corporate foundations have started to provide funding
to LMIC. The nature of Corporate Social Responsibility (CSR) has changed over the years from
providing one-time grants to communities around the parent companies’ operational geographies, to
building a portfolio of strategic programs with a mission of longer-term social development.
Moreover, while it is typically perceived that corporate foundations only serve as a humanitarian arm,
our experience and research indicates that foundations have also played a critical role as social
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intrapreneurs1 in advancing much needed science, technology and delivery models in LMIC with a
focus on vulnerable groups and that several of them function as intrapreneurs with a social mission. In
fact, as will be seen throughout this chapter, private initiatives and foundations can have a positive
impact on health and nutrition outcomes through a variety of processes and roles including and not
limited to: the provision of goods and financial and in-kind resources, the advance of advocacy tools,
driving innovation and novel approaches, and their role in public–private partnerships (PPPs) [3].

According to the 2015 Global Nutrition Report, there is little evidence of private sector contri-
butions to improving nutrition [7]. Due to lack of peer-reviewed literature on the role of private sector
for improving nutrition, this chapter draws on documented case studies. The foundations and ini-
tiatives that were chosen as case studies and examples for this chapter were selected from the 2015 list
of Fortune Global 500—an annual list of the 500 largest companies in the world as compiled by
FORTUNE magazine, companies listed in the Access to Nutrition Index (ATNI) and Scaling Up
Nutrition (SUN) Business Network. Priority was given to the ones whose vision and mission focused
on food- and nutrition-related activities in LMIC and the ones who majorly fund global health- and/or
nutrition-related activities. With regard to the section on PPPs, part of the content stems from a
qualitative research study that was conducted in India on the identification of major barriers for PPPs
in public health nutrition.

The chapter first explores how corporate foundations and initiatives can improve health and
nutrition through the provision of goods and financial and in-kind resources, followed by how the
health and nutrition advocacy tools they develop not only improve nutrition-specific outcomes but
also set the scene for further engagement at national and global level. Third, the chapter looks at how
private initiatives and foundations’ drive for innovation and novel approaches have already shown
improvements for health and nutrition and are expected to continue to yield promising results in the
future. Fourth, the proliferation of PPPs specifically for health, described as a “collaborative part-
nership where […] each partnership brings together at least three parties, among them a corporation
(and/or industry association) and an intergovernmental organization to achieve a health creating goal
on the basis of a mutually agreed division of labor” will be highlighted with a particular focus on how
foundations in PPPs are increasingly contributing to advances in health outcomes and how trans-
parency and credibility have played a key role in enabling this process [14]. Further, corporate
foundations with their unique position as the interface between public and private sectors due to their
experience in development programs could also act as a third party in PPPs. Last but not least, the
chapter will close by giving an insight into the various ways through which the private sector and
private foundations and initiatives in particular can have negative consequences for nutrition, thereby
stressing the importance of accountability mechanisms to mitigate conflicts of interest and to
incentivize the private sector to improve nutrition and health outcomes.

Provision of Goods and Financial and In-Kind Resources

Over the years, foundations have transformed from being purely vehicles for providing philanthropic
services to entities that can influence companies to align with the ecosystem of LMIC and improve
consumers’ access to essential public health goods and services. By matching the challenges in public
health to the strengths of the private sector, these foundations can create a shared value by creating

1An intrapreneur is an “entrepreneur within a large firm, who uses entrepreneurial skills without incurring the risks
associated with those activities. Intrapreneurs are usually employees within a company who are assigned a special idea
or project, and are instructed to develop the project like an entrepreneur would. Intrapreneurs usually have the resources
and capabilities of the firm at their disposal. The intrapreneur’s main job is to turn that special idea or project into a
profitable venture for the company” [13].
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economic value for a corporate while also generating value for society by addressing its needs [15]. In
fact, leading companies are starting to find ways to create shared value around access to public health
goods and services by improving the health of vulnerable populations while also creating short- and
long-term value for the business, thereby recognizing both private and public sector needs [15]. The
following paragraph illustrates how shared value offers corporations the opportunity to utilize their
skills, resources and management capability to lead social progress through two activities: first the
provision of commercial goods, and second its contribution to needed financial and in-kind
resources [15].

Britannia Industries Limited was first established in 1892 in Kolkata as a small bakery that produced
biscuits. Britannia is now one of India’s biggest brands and food-products corporations selling products
in over 5 categories (dairy, cakes, biscuits, breads and rusk) to more than half of the Indian population
through 3.5 million retail outlets, and about 50% of Britannia’s product portfolio is fortified with
micronutrients [16]. Through its health and nutrition initiatives, Britannia aims to improve people’s
nutritional status: It provides food-based solutions such as the fortification of popular products, and it
makes these more accessible and available and advocates for people’s “right to nutrition.”Britannia first
started manufacturing iron-fortified biscuits for the school-feeding programs of the United Nations
World Food Programme (WFP), and it then fortified all its commercial baked products with vitamins,
iodine and iron, and also removed trans fats. Biscuits are extremely popular in India with 90% of urban
and rural households consuming them. They thus appear to be an ideal vehicle for the delivery of
essential micronutrients for people who may have an inadequate micronutrient intake [17].
A school-feeding fortification program supported by the Global Alliance for Improved Nutrition
(GAIN), Britannia, and the Naandi Foundation came to the conclusion that the best way to address
anemia among children was to fortify Britannia Tiger biscuits with iron as these were extremely popular
among school children. Britannia managed to produce an iron-fortified Tiger biscuit to be sold at the
identical price as the existing non-fortified product [18]. In a 2009 pilot study, Britannia found that
together with treatment for hookworms, the consumption of their fortified Tiger biscuits improved iron
status by 25% among more than 300 anemic children within a 90-day period [19].

Another example refers to the Unilever Foundation, which through its partnerships with five
leading global organizations, namely Oxfam, Population Services International (PSI), Save the
Children, United Nations Children’s Fund (UNICEF) and United Nations World Food Programme
(WFP), has contributed to scalable social change and extended the delivery of lifesaving solutions
through the manufacture of soap, such as the Lifebuoy brand and Pureit (household water purification
systems) [20]. In order to reach its aim of doubling the size of its business while reducing its
environmental footprint and increasing its social impact simultaneously, Unilever recognizes that it
must work in partnership with other stakeholders who share the same goal and leverage each other’s
skills, expertise and resources [21, 22]. One such example refers to the collaboration between
Unilever Foundation and PSI, a global health organization, who both work together to avert pre-
ventable deaths (e.g., diarrheal diseases and acute respiratory infections) of which 2 million children
under 5 die each year, by teaching the importance of hand-washing with soap and increasing access to
safe drinking water and sanitation [23]. With PSI’s more than 40 years of on-the-ground experience
and Unilever’s Lifebuoy soap products and communication materials, this joint initiative is an ideal
match to encourage children to get into the habit of washing their hands with soap at critical times of
the day in a consistent and correct manner. In 2013, Lifebuoy’s ‘Help A Child Reach 5’ campaign
that teaches lifesaving hand-washing habits was launched in a village in the Indian state of Madhya
Pradesh called Thesgora that has one of the highest rates of diarrhea in India. After one year, an
independent evaluation was done by AC Nielsen among 1485 households with children aged below
12 years. According to the evaluators, the overall diarrhea incidence in Thesgora dropped from 36 to
5% [24]. Partnerships with NGOs, microfinance institutions, cooperatives and women self-help
groups thus helped in improving awareness, and increasing access by making them available at
affordable price points or loans as well as at local purchase points.
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Likewise, the Ajinomoto Group, a Japanese food and chemical corporation which was founded
with the aim of helping people to “Eat well, Live well” by contributing to significant advances in
health and food, is working in different parts of the world to improve nutrition as part of its CSR
activities [25]. The Ghana Nutrition Improvement Project launched in 2009 is a social business that is
designed to bring solutions to serious social problems in LMIC, such as malnutrition, through
sustainable business activities. It does so with three goals in mind: the development of a new market,
innovation—the project involves the manufacture and sale of the KOKO Plus, a complementary food
supplement, which should be added to traditional porridge to mitigate the nutritional deficiency of the
meal for a child, and setting up multi-sector partnerships with local government, academia, aid
agencies, international organizations and businesses [25, 26].

Shifting the focus to foundations and initiatives’ role as contributors of financial resources,
Ajinomoto set up the Ajinomoto International Cooperation Network for Nutrition and Health
(AIN) program in 1999 and has a support program in the form of a grant program, which aims at
improving food-, nutrition- and health-related outcomes in local communities in LMIC [27]. Through
workshops, the program trains volunteers and other human resources to undertake health- and
nutrition-friendly activities that are compatible with local food customs and cultures [27].

Another example refers to the Power of Nutrition, an independent fund that aims to mobilize one
billion dollars to address undernutrition. The fund was launched in April 2015, and the first $200
million will be provided by carefully selected partners including the Children’s Investment Fund
Foundation (CIFF), UBS Optimus Foundation, the UK’s Department for International Development
(DFID), UNICEF and the World Bank Group (WBG). In fact, contributions include $55 m from
CIFF, up to £32 m ($47 m) from the DFID, and up to Swiss Francs 25 m ($26 m) from the UBS
Optimus Foundation. The fund accepts donations and grants from a mix of private and public
investors and has developed an innovative matching offer that guarantees that every dollar in private
funding is multiplied up to six times with new financing secured from other funders. The fund also
mobilizes resources toward governments from LMIC who seek financial support for their national
nutrition programs [28, 29].

With regard to in-kind contributions, Britannia Nutrition Foundation (BNF) founded in 2009 to
fight against malnutrition among underprivileged children works toward reducing child malnutrition
among India’s most vulnerable and underprivileged populations by raising awareness about malnu-
trition [16]. BNF also delivers awareness-building initiatives that aim to address the lack of
knowledge on malnutrition. During the annual national nutrition week, BNF organizes a symposium,
which serves as a tool for creating a space and platform for action. A variety of stakeholders from
different fields attend the event such as economists, speakers who work in social development,
nutrition and medicine, as well as key opinion leaders [30].

Public Health Advocacy

Public health advocacy can be defined as the activity of overcoming substantial structural barriers to
public health objectives [31]. It is not primarily oriented at changing the knowledge, attitudes or
behaviors of individuals, but rather the legislative, fiscal, physical and social environments in which
individual knowledge, attitude and behavior change can take place [31]. One of the main challenges
in public health nutrition is the lack of political will and commitment. Advocacy tools that clearly
communicate the issue, using evidence-based content and stories and infographics that translate the
urgency of addressing the problem, as well as tools which communicate programmatic and policy
solutions can help convince decision makers and key stakeholders about the need to take action.
Numerous private initiatives and foundations are increasingly engaging, coordinating and strength-
ening efforts at local, national and international level, to raise awareness about health and adequate

35 Role of Foundations and Initiatives by the Private Sector … 775



nutrition among the public and policy makers. As the following section will demonstrate, one way
this has been done is through the development of advocacy tools.

One example specifically related to nutrition refers to the Hidden Hunger Index (HHI). The HHI
was developed in consultation with academics and decision makers from a range of global institu-
tions, including UN agencies, academia, US government agencies and international NGOs and is an
example of how to translate scientific findings to a visual graphic that calls for policy makers to take
action [32]. Sight and Life foundation (a nutrition think tank primarily supported by DSM) developed
maps and indices of global hidden hunger, which reveal the burden of micronutrient deficiencies and
how they contribute to the disease burden (see Fig. 35.1). The HHI is a useful tool for the SUN
countries to set priorities and monitor progress [32]. The existing global political will to put nutrition
on the health agenda and the acknowledgement of seeing nutrition as a fundamental determinant to
the achievement of the MDGs and their successors, the Sustainable Development Goals (SDGs), has
been manifested by the increasing support for the SUN Movement. More importantly, SUN’s main
stakeholders, that are national governments themselves, require tools that will allow them to make
evidence-based budget and policy decisions [32]. The HHI provides valuable information for policy
makers to help them prioritize interventions, as well as beneficial information for public health
programmers as a basis for action, and the monitoring and evaluation of programs. In fact, by
revealing where the burden of micronutrient deficiencies are and their contribution to disease, the
index enables the development of appropriate interventions, such as multiple micronutrient supple-
mentation for pregnant women, home fortification with micronutrient powders for preschool-age
children, and food fortification for the general population, which can effectively target those popu-
lations most affected by micronutrient deficiencies, and therefore acts as powerful advocacy tool to
reduce the burden of hidden hunger [32].

The SUN movement launched in 2010 works through four different country-level networks (Civil
Society, Donor, UN System and Business), in a collective effort to see a world without hunger and
malnutrition. In order to do so, these networks support their respective national governments by
participating in multi-stakeholder platforms and they ensure alignment and coherence between their
national strategies and activities [33]. The SUN Business Network, convened by WFP and GAIN, is
comprised of large national companies and multi-nationals who are committed to support

Fig. 35.1 Global map presenting net change in Hidden Hunger Index (HHI) scores, 1995–2011. This figure illustrates
the magnitude of change in HHI between 1995 and 2011. It shows that the top performers were largely from East and
South Asia, and most of the worst performers were African countries [32]
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governments’ efforts to scale up nutrition. It aims to mobilize and intensify efforts from the business
community in support of the SUN Movement [34]. To do this, the network has produced a number of
resources that include: a Guide to Business Engagement aimed at country stakeholders to help inform
the development of local strategies to engage business in local nutrition plans; a toolkit of best
practice for nutrition in the workforce which builds the case for investing in nutrition workplace
programs through nutrition policies including maternity protection and breastfeeding support for
instance; a toolkit for implementing policies and interventions to support lactation in the workplace
[35]. In celebration of the World’s Breastfeeding Week in 2015 which focused on women and work,
the UN Foundation organized a webinar with the private sector and the global development com-
munity, focused on supporting innovations that enable working women to breastfeed. The company
Philips was inspired by the significant potential breastfeeding has to save children’s lives and, as a
result, made a commitment to Every Woman Every Child in 2014 that pledged, among other ele-
ments, to research and support breastfeeding practices for women in Africa [36]. As a follow-up of
the webinar, 29 SUN Business Network members have committed to putting good nutrition at the
center of business practice. By June 2016, these businesses will support breastfeeding mothers and
improve policies for maternal health [36]. Moreover, the SUN Business Network provides advice to
SUN country policymakers and it supports governments’ efforts to scale up nutrition through its
global advocacy activities, through high-level outreach events during the World Economic Forum
(WEF), the UN General Assembly and the SUN Global Gathering, and played a coordinating role for
business in the Second International Conference on Nutrition (ICN2) [34]. As a result of this plat-
form, SUN countries are increasingly developing plans to engage business in national plans. In 2015,
the SUN Business Network assisted eleven countries to set up national business networks whose aim
is to identify the areas where stakeholders and businesses can support current national nutrition
strategies in being more open to the role that the private sector and other stakeholders can play as a
crucial partner to scale up nutrition. Furthermore, 29 countries have asked for further support from the
SUN Business Network and the Movement to engage better with business to scale up nutrition.
Globally, there are 164 companies committing to scaling up nutrition, of which 44 are multi-national
companies with global commitments which will be tracked through the Global Nutrition Report and
122 are companies that have pledged to develop commitments at national level [37, 38]. By being the
only global platform for businesses commitments to scaling up nutrition and which tracks business
commitments annually, the SUN Business Network has served as a powerful advocacy platform that
enables and promotes further collaboration between business and other actors to scale up nutrition at
all levels. The network also serves as a platform for businesses to express their commitment in taking
part in this process.

Often there is a deficit of qualified personnel, suitable infrastructure or effective planning and
management skills in LMIC. The following examples demonstrate how private foundations address
this gap. The Nestlé Foundation for the Study of Problems of Nutrition in the World was founded in
1966 by a donation from the Nestlé company on the occasion of its 100th anniversary. The foun-
dation is financially and operationally independent of the company since its inception. It is
self-constituting and is managed by a council consisting of at least 5 internationally well-established
scientists. The foundation initiates and supports research capabilities in human nutrition with public
health relevance in LMIC [39]. One of the foundation’s main objectives is the transfer of scientific
and technological knowledge to target countries. In fact, at least 75% of the budget of the founda-
tion’s sponsored research projects in collaboration with scientists at universities and research insti-
tutes in high-income countries must be earmarked for use within LMIC. Additionally, financial
support is provided for higher education and for research projects by faculty in the early stage of their
careers and who are yet to prove their capabilities [40].

Another example refers to the Sir Dorabji Tata Trust (SDTT), which supports a variety of causes,
individuals and institutions in a wide array of areas. Its partnership with the Madsen’s Institute for
Tribal and Rural Advancement (MITRA) is a strategic alliance for malaria control and community
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health in south Orissa (India) for building institutional capacity. This partnership has led to estab-
lishment of a malaria resource center that provides technical assistance to NGOs in south Orissa
(India) for them to carry out community-based malaria control programs using the Mal-Mal approach
[41, 42]. This approach rests on the discovery that reduction of malaria prevalence can lead to
improvements in nutritional status at the community and individual level. In fact, data show that the
16 districts of Orissa listed as having high malaria prevalence are also known for their high burden of
malnutrition, suggesting that there could potentially be correlation and causal pathway whereby
chronic or recurrent malaria is a cause for malnutrition and that anything done to prevent and treat
malaria may also positively impact nutrition status. The screening and treatment of malaria could
hence decrease both malaria and malnutrition at the same time [42]. Mal-Mal camps for children were
offered in MITRA’s project villages in the peak transmission months, where children with malaria
were detected with malaria parasitaemia and treated with effective treatment embedded within a
regular growth-monitoring program. An annual round of Mal-Mal camps has been conducted by
MITRA in 50 villages since 2010. Based on a review of 74 nutritionally at-risk children who received
the MITRA protocol in 2009, data from the regular MITRA growth-monitoring program during the
first year of the Mal-Mal approach showed that throughout the year, the number of children losing
weight halved while those gaining weight significantly increased [42]. This is a good example that
reveals that in some cases, processes need to be docile and flexible to enhance and create an enabling
environment that will make space for the desired public health outcomes. Corporate foundations, such
as the Tata Trust in this case, can play a key role in facilitating this process by supporting program
activities and financial management through its employees and seed funding, which in turn enables
and facilitates the establishment and setup of facilities (such as the malaria resource center) which can
provide critical inputs to strategic thinking and developing new approaches such as the Mal-Mal
approach. Most importantly, the success of such approaches can be leveraged and/or scaled up and
used as the scientific evidence needed to promote policies, methods and new perspectives on how to
improve nutrition outcomes [42].

Driving Innovation and Novel Approaches

Private foundations and initiatives are drivers of innovation, which can respond to and address the
health and nutrition challenges faced by vulnerable populations in LMIC in a variety of ways.
Foundations’ financial and operational independence makes them agile which is required to promote
and advance innovation, allowing them to take risks that governments and traditional donors may be
reluctant to take, as well as to invest in long-term results-based projects [2]. Foundations also often
refer to innovation to explain their work and their method to providing support and assistance. The
Rockefeller Foundation has even celebrated its centenary with the slogan “Innovation for the next
100 years” [2]. Interestingly, foundations and initiatives’ innovative approaches may have an
impactful and significant effect on health and nutrition if the new ideas and approaches they develop
are being taken over and scaled up by traditional donors or national governments once proven
worthwhile, and also individuals, households and communities, including through the use of com-
mercial channels. The role of foundations as innovators may imply support for the translation of
current and new knowledge and ideas into new fields, the identification of new issues and challenges,
or evaluating new approaches for addressing specific issues, for example via support for pilot projects
as the following section will show [2]. With the help of a few examples, this section will explore
several innovative pathways through which foundations and initiatives can have a positive impact on
health and nutrition outcomes in LMIC, namely the discovery and development of novel approaches,
innovation catalysts, open innovation activities and upcoming novel approaches.
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Several foundations focus on innovation and include it as a criterion for selecting programs or
projects for funding. One such example is Syngenta Foundation’s Kilimo Salama program, which
introduced insurance against drought, excess rain and field crop diseases such as blight or aflatoxin,
and other potential risks for 187,000 smallholder farmers in Kenya and Rwanda between 2009 and
2013 [43]. The outcome of this program was that it made the farmers more confident in investing in
better-quality inputs and to access agricultural loans. In fact, results showed that insured farmers
invested 20% more in their farms and earned 16% more income than their uninsured neighbors [43].
Sight and Life has equally been active in promoting and delivering innovative thinking and solutions.
In the Kenyan refugee camp Kakuma, the WFP and Sight and Life in collaboration with Johns
Hopkins School of Public Health researched the potential barriers to micronutrient powder
(MNP) use. The findings of this study were published in the report entitled “A Qualitative Study
Examining Low Micronutrient Powder Uptake at Kakuma Refugee Camp,” which identified different
ways to improve the multiple micronutrient powders’ (MNPs) distribution program [44].
A recommendation was made “to improve upon the existing […] box and sachet material.” Indeed,
while the existing MixMe™ sachets are well designed to protect the MNP from degradation under
difficult environmental conditions, as well as humidity, light and temperature thanks to its layers of
PET, composite aluminum and polyethylene foil; the same protective packaging attributes are not
environmentally friendly as the sachets cannot be recycled, repurposed, burned, biodegraded or
composted [45]. To this end, and as part of the global movement to implement environmentally
sensitive activities, Sight and Life addressed this issue by launching an open innovation challenge in
2012, which welcomed more sustainable packaging concepts for MNPs, while fulfilling cost-per-unit
requirements and maintaining product stability under harsh conditions. The three winners’ ideas
proved to be innovative and efficacious concepts [45]. As a follow-up, a “double sack” economical
packaging for MNPs is currently undergoing stability assessment.

As governments and local bodies do not always have the resources to test out innovative solutions,
private foundations can serve as helpful innovation catalysts through the greater freedom they have in
taking risks and in considering long-term programs [46]. The Novartis’ foundation symposium in
2014 was on the theme of “sustainable healthcare interventions: from blueprint to lasting impact”
which resulted in a rich exchange of experiences and ideas on developing innovative healthcare
solutions, and further commitment for the foundation’s role as a catalyst to try out innovative
healthcare solutions and then convince governments to expand them [47]. The Novartis Foundation
pioneers the blueprint of the solution, validates it and gets it going. For instance, the foundation
piloted and is accelerating the novel use of mobile phones to improve access to primary healthcare
through training and healthcare consultations in remote communities in Ghana by overcoming
geographical barriers through information and communication technologies. This project also set up a
teleconsultation center to provide structured decision-making assistance to health workers in rural
areas and adapted this to the existing mobile health platform, which utilizes text messages to provide
vital health information of patients from a mobile phone to a database [47]. Despite the positive
impact that telehealth systems may have on patients’ health, they also present risks to the security and
privacy of patients’ health information. The main privacy risk is that of a lack of control over the
collection, use and sharing of data [48]. For instance, home telehealth devices may collect and
transmit information on activities in the household that a patient does not wish to reveal, such as
substance abuse. Smartphone apps may also share data on location to third parties. Security risks
involve unauthorized access to data during collection, transmission or storage. Despite the efforts that
are being made to create as safe as possible apps and devices, many still contain significant flaws
giving malware and hackers opportunities to threaten the security of telehealth systems. Systems’
security must significantly improve to prevent mal-intending individuals from accessing and misusing
information, and regulations need to be put in place to provide secure and strong risk and privacy
protections for patients and users [48].
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Pharmaceutical companies, for instance, are increasingly sharing financing, intellectual property
and expertise, a phenomenon known as “open innovation.” In fact, “in contrast to classic closed
innovation, whereby an enterprise generates, develops, and brings to market its own ideas, in the new
open innovation model, an enterprise utilizes in-house ideas as well as those of its network partners
and seeks ways to bring products and services to market by deploying multiple pathways” [49 (p. 2)].
Although the era of open innovation has begun for many firms, we still lack a clear understanding of
the mechanisms, inside and outside of the organization, i.e., when and how to fully profit from the
concept [50]. Similarly, to encourage innovation in targeting neglected diseases in LMIC and in order
to foster new ways of thinking and approaches on how research is done, GlaxoSmithKline (GSK) has
launched an open innovation strategy with the aim of promoting change beyond GSK by sharing
resources, know-how, intellectual property and expertise with the global scientific and research
community. GSK’s specialist Research & Development (R&D) facility at Tres Cantos in Madrid
offers laboratory space to external scientists and academics that are also targeting diseases that LMIC
suffer from. The Tres Cantos Open Lab Foundation was established by GSK to support new external
scientists coming into the laboratory, and all projects supported by the foundation must add to
research that helps discover and develop new medicines for diseases in LMIC. Although the facility
currently solely focuses on diseases in LMIC, GSK has started to adapt open innovation models to
apply to other areas of medical challenge such as rare diseases [51].

With regard to upcoming novel approaches, one emerging area in public health to explore and that
has been successful in other areas such as education and recidivism is the concept of a social
development bond or a social investment bond (SIB) for innovative financing of health and nutrition
programs. According to the Center for American Progress, a SIB or “Pay for Success” contract
connects private investment with nonprofit service providers and governments to produce improved
social outcomes that generate government savings. Reliable performance measures are required to
evaluate whether the program is effective [52]. A bond-issuing organization enters into a contract with
the government to provide social services. It then issues the bonds to private investors who will
receive principal repayment and a return on their investment from performance-based payments if the
benchmarks are achieved. The investors provide the working capital to this SIB issuing organization,
which in turn funds the NGO service providers [50]. The government only makes payment to the
bond-issuing organization if and when social or environmental performance targets have been met. If
the interventions fail, investors lose some or all of their investment. One of the key challenges of SIBs
is to identify interventions with sufficiently high net benefits that would ensure that investors earn
their desired rates of return. The Rockefeller Foundation has been an early leader of the ecosystem of
SIBs since 2009, when the foundation made a grant to Social Finance UK who launched the first-ever
SIB aimed at lowering recidivism rates at Peterborough Prison. The Ministry of Justice and the Big
Lottery Fund ensured the private investors received their required financial return [53]. Other first
social impact bonds showed encouraging results, and three programs that focused on education and
teenagers were deemed a success. Not only did the children’s literacy skills and school attendance
improve, but investors were also able to make return on their investments. SIBs are also being tested
in the USA and other high-income countries as a more cost-efficient method to solve social problems
[52]. Over the last three years, the Rockefeller Foundation has helped to set up the SIB ecosystem in
the USA by providing support in a variety of ways such as planning grants to service providers and
intermediaries; funding research focusing on social applications, political trajectories, the investor
landscape; and supporting governors’ and mayors’ offices to increase their capacities to execute
bonds [53].

A version of SIBs, called “Development Impact Bonds” (DIBs), aims to help tackle complex
social issues in LMICs. Perhaps one of the best known is the Global Alliance for Vaccines and
Immunization (GAVI). Through its partner body, the International Finance Facility for Immunization,
GAVI has raised more than $5 billion from private investors, including Vodafone, JP Morgan, la
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Caixa Foundation [54]. Several country donors including the USA, as well as the Gates Foundation,
have committed over $6.3 billion to repay these private investors if programs prove successful [54].

Early in 2014, the Center for Global Development convened a workshop with experts in nutrition
and innovative financing to explore DIBs in nutrition [55]. This expert team further described how
DIB is one possible approach to solve three key challenges in addressing malnutrition (see Fig. 35.2).
Firstly, although donors have committed at the 2013 Nutrition for Growth summit to spend more than
4 billion USD through 2020, there is still a significant shortage of more than 5 billion USD that is
required to scale up access to ten nutrition interventions in 34 focus countries [55]. A DIB can thus
leverage the support of new investors to contribute to this funding gap. Secondly, where there is
evidence on effective interventions, there is a looming chasm between the science on the one hand
and the knowledge on how to get products and services where they are most needed on the other hand
[55]. Because private investors, who have fewer terms and processes, with quicker decision making,
finance a DIB, there is more flexibility to adapt dynamically to the changing context in the field than
there would be under traditional government contracts. Thirdly, the multi-sectoral nature of nutrition
requires the coordination of many actors that are fragmented and may also be competitive. A DIB
provides a platform for coordination for public, private and nonprofit stakeholders with clear roles for
each of them and a precise focus on agreeable outcomes. Finally, since success is linked to investor
financial returns, tracking and monitoring of data becomes vital and could help the nutrition com-
munity build a stronger evidence base for a variety of interventions [55].

Fig. 35.2 Development impact bond for stunting prevention. This figure portrays the different methods a DIB structure
can use to address the current issues in the nutrition environment, whereby the Development Impact Partnership
(DIP) holds investments and contracts with investors, outcome funders, service providers and donor agencies. An array
of relationships are enhanced among the DIP, the donor agencies and partner governments, and payments for a range of
effective interventions to prevent stunting are channeled through the DIP. According to the attained outcomes, the
donors pay investors including a return through the DIP. Adapted from [55]
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Traditionally, foundations have been active in activities along the value chain that can improve
access to public health goods for vulnerable groups such as R&D, low-cost production, health
communication, social marketing and advocacy, and distribution channels. Foundations are most
likely to be early adopters of social impact bonds or DIBs as it provides a collaborative mechanism
for public–private partnerships, which are scarce in the nutrition sector. Moreover, according to a
study conducted by Social Finance, many foundations are attracted by the ability of social impact
bonds to increase funding for the social sector with a focus on outcomes rather than outputs and
surprisingly, as a lever to improve broader public accountability by leading the governments to direct
resources to most effective interventions [53]. Further, this area fulfills the natural role of most
foundations as an “idea shop” that take the risk of proving a concept before government can scale it.
Although DIBs for development have yet to be tested, the UBS Optimus Foundation, CIFF, Educate
Girls and Instiglio launched the first Development Impact Bond pilot to improve educational out-
comes in Rajasthan (India) in June 2014. The DIB will be a three-year pilot project aimed at
addressing high dropout rates and poor education [56]. The UBS Optimus Foundation explained that,
in addition to improving the lives of children, the foundation’s interest is to test the model and
potentially demonstrate to other investors that DIBs could be a method to invest in social objectives
and contribute to the scaling up of effective programs. It is hoped that this model would be
extrapolated to the field of nutrition and health once proven effective [56].

The Proliferation of Public Private Partnerships

The latter half of the 1990s witnessed a growing number of initiatives involving collaboration
between the public and corporate sectors with the aim of overcoming public and market “failures” of
international public health, using global public–private partnerships (PPPs) to revolutionize devel-
opment and global health [1]. More recently, these partnerships have expanded to the nutrition sector,
with an increasing number of PPPs that aim to address the double burden of malnutrition. Although
PPPs in nutrition are still being perfected, PPPs can play a critical role in tackling malnutrition,
increasing the chance of survival and the possibility of healthier and more productive communities
and nations. This section will look at some of the successes of private foundations and initiatives in
this field.

Some of the areas in which the public sector readily welcomes partnerships with the private sector
are areas in public health infrastructure, logistics and education. The Abbott Fund and the
Government of Tanzania formed one such successful PPP for over 10 years to strengthen the
country’s healthcare system [57]. Key improvements included modernizing Muhimbili National
Hospital, building new laboratories at 23 regional-level hospitals and supporting more than 20,000
healthcare worker trainings in HIV care and treatment. An independent evaluation conducted by the
government found that approximately one in three people receiving HIV treatment were cared for at
one of more than 90 sites that were established as a result of this partnership [57].

Sight and Life’s association with WFP started prior to the PPP between WFP and DSM in early
2006, when it supported WFP’s Indian Ocean Tsunami relief operations. At the invitation of Sight
and Life, WFP came to Switzerland to discuss with DSM their activities in feeding the hungry of the
world. This topic generated enormous interest [58]. WFP and DSM have partnered since 2007 with
the aim to develop sustainable and cost-effective, nutritious food solutions for the hungry poor. The
partnership was strengthened and extended in 2013 for another three years during which it enabled
WFP to double the number of people reached with improved nutrition, from 15 to 25–30 million
annually by 2015 [59]. In December 2015, this partnership was renewed for three more years [60]. As
one of WFP’s Global efforts and seek to reach twice as many people who benefit from improved
nutrition, DSM combines scientific and technical expertise in the area of high-nutrient products and

782 K. Beesabathuni et al.



financial seed support to help improve the nutritional value of the WFP food distributions to the most
vulnerable [60]. Importantly, the partnership has leveraged the company’s decades of technical
expertise to improve the quality of WFP food supplies through tailor-made and innovative food
fortification interventions, which WFP continues to purchase from a range of suppliers through
competitive tendering [59]. Sight and Life plays a unique role in providing scientific scrutiny to the
partnership and allows the partnership to advocate its impact and accelerate the nutrition agenda
forward [59].

Another illustration yet different in its approach relates to the Global Alliance for Vaccines and
Immunization’s (GAVI) newest PPP, namely the GAVI Matching Fund, which is supported by the
Bill & Melinda Gates Foundation and by the British Government through DFID. By 2015, every
donation to GAVI through the Matching Fund by the private sector partner, its customers, employees
and business partners is matched either by the Bill & Melinda Gates Foundation or by the British
Government (in the case of UK companies’ donations). Together, the Bill & Melinda Gates
Foundation and DFID have pledged approximately $130 million to match these donations. Through
the GAVI Matching Fund, GAVI raised US$210 million for the 2011–2015 period [61]. The Fund
has been extended into the 2016–2020 period with a US$75 million funding from the Bill & Melinda
Gates Foundation, 10 million Euros from the Dutch Government and a further US$76 million from
the Government of Japan in May 2016 [61, 62]. This will enable GAVI to deliver additional life-
saving vaccines to LMIC. The totality of funds goes to GAVI for immunization programs in the
poorest countries [63].

Recently, India has witnessed an increase in the number of PPPs in several sectors predominantly
in infrastructure. There are no PPPs in nutrition, and the public sector investment is very low despite
an alarming malnutrition situation and dismal state of state-spending on nutrition. In fact, less than
1.5% of state development expenditure and less than 2.5% of the total revenue expenditure of the
states is incurred on nutrition [64]. In a recent qualitative research study conducted in India to explore
and identify barriers to private investment in the nutrition space (see Fig. 35.3), one of the major
barriers identified for the absence of PPPs in public health nutrition is the lack of transparency and
trust among the stakeholders, notably between the private and public sectors [64]. This mistrust was
generated because many civil society and government actors have experienced private sector behavior
that has undermined public policy and public health agendas. Private sector foundations that are better
connected to the area of public health than other divisions within corporations can play a critical role
in understanding the needs of the public sector and can act as a facilitator between the sectors.
Foundations are able to build a common vocabulary with the public sector and thus have the
opportunity to build trust toward a PPP.

Project Laser Beam, the five-year multi-million dollar PPP to find new solutions to persisting
problems in the area of undernutrition, was launched in 2009 by the WFP, Unilever, GAIN,
Mondelez International Foundation and DSM. Over the five-year partnership, the project imple-
mented 18 interventions, with approximately 1.74 million new beneficiaries (i.e., new to nutrition
support) in Bangladesh and Indonesia. The project also uncovered crucial lessons that can help
accelerate progress in tackling undernutrition using a cross-sectoral approach, one essential learning
being that “implementing a decentralized consensus-driven operating model” that is “managed by a
neutral external third party” is crucial to operate efficiently as described below [65]. This neutral
external third party was Accenture Development Partnerships: A business unit within Accenture that
provides technology and business services to the international development sector, on a nonprofit
basis. WFP was the only partner who initially managed and coordinated the partnership and also
implemented nutrition interventions. This put additional workload and burden on a single partner. As
a result of this imbalance, a decentralized operating model was developed to manage Project Laser
Beam. A secretariat was hosted by Accenture Development Partnerships (the external third party),
who provided global program and partnership management for the project. The team supported new
partner engagements, designed and supported the implementation governance structure, supported
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GAIN in developing the monitoring and evaluation frameworks, coordinated activities undertaken by
the secretariat, facilitated as a neutral body, partnership engagements at global and national levels,
and developed the approach for the Project Laser Beam country operating models and the secretariat.
By focusing on each partner’s core competency, Accenture Development Partnerships enabled them

The Existing landscape
There are existing models of successful public private 
partnerships in nutrition in India.
These successful models have had impact at a local level.

It is very important in the present context to have public private 
partnerships specific to nutrition in India
Transparency is key to building a successful PPP in  nutrition

Shared goals, partner equity and accountability are the other 
major attributes of building a successful partnership in the 
nutrition
Barriers to and benefits of Private Sector involvement
Lack of trust among stakeholders is the primary barrier to 
building a successful PPP in nutrition in India
Conflict of interest, lack of standards and regulations for private 
sector engagement are the other barriers
Services in the nutrition are more welcome than making products 
for a successful PPP 
Improving coverage of beneficiaries, logistics and manpower 
deployment are the major areas in which private sector can 
contribute to a PPP in nutrition in India
Way Forward : Central and State Governments openness to Private Sector
There will be considerable changes in policy making by the 
central government to encourage more PPPs in nutrition
Maharashtra is the most promising state in terms of  its policies to 
welcome PPPs in Nutrition
Madhya Pradesh and Bihar governments have high potential in 
engaging with private sector for public health nutrition
Potential Private Sector Involvement in different verticals in Nutrition
Governance and co ordination

Science and Strategy

Operationalizing programs

Monitoring and Evaluation

Media and Nutrition Education

Legend:                                
Strongly  Disagree                                             Strongly Agree               

Fig. 35.3 Key findings on barriers to PPP in nutrition. This figure depicts the key findings resulting from a study aimed
at identifying barriers to PPPs in nutrition in India. Stakeholders from the private and public sector (government), and
civil society (non-governmental organizations and institutions that manifest interests and will of citizens) involved in
the nutrition sector were interviewed, and results revealed that the major barriers are related to trust between the public
and private sector and the lack of government guidelines to engage the private sector. Monitoring and evaluation scored
high because of private sector’s prevalent practice of using technology for analytics in supply chain, gaining consumer
insights and for communicating with consumers [64]
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to use their strengths and manage their designated interventions. In fact, the burden of a single partner
having to coordinate the partnership was relieved, and transparency across the partnership was
improved [66].

Similarly, the ATNI, that provides a framework to monitor the world’s 25 largest food and
beverage manufacturers on their nutrition-related commitments, recommends companies to increase
their efforts to address malnutrition beyond philanthropy. ATNI suggests that companies that are
expanding their footprint in lower-income countries, in consultation with local stakeholders and in
alignment with national efforts, leverage the experience, skills and scale of their core business
functions to implement PPPs so as to make their products more accessible and culturally appropriate
for lower-income consumers at risk of or suffering from malnutrition [67].

Standards for Private Sector Involvement

As seen throughout the chapter, there are numerous ways through which private initiatives and
foundations can positively contribute to health and nutrition outcomes. And as new ways of col-
laborations (e.g., PPPs) are being welcomed and show their effectiveness when they are framed in a
context of trust and transparency, the debate around whether or not and to what extent the private
sector should be involved in areas that have intrinsically been under the jurisdiction of the public
sector remains very relevant. In fact, ultimately, businesses’ primary concern is to create value for
their shareholders and investors and likewise, it is evident that those who donate money have a set of
priorities that are of interest to them in making such donations [15]. When this imperative is not
aligned with advancing public health, conflicts of interest come to surface. Therefore, the range of
activities pursued by businesses can have both positive and negative outcomes for nutrition and health
[7].

One common example refers to Medecins Sans Frontieres (Doctors Without Borders, MSF) which,
although strategically engaged with the Gates Foundation, is one of the few major global health actors
not accepting Gates funding. MSF believes that its financial independence from the foundation
enables it to voice criticism or concerns on specific issues over which the foundation has enormous
influence [68]. The 10-year multi-billion dollar “Global Vaccines Action Plan” adopted in May 2012,
largely funded by the Gates Foundation, was heavily criticized by MSF who found it too focused on
new vaccines, thereby neglecting the fundamental need to improve basic public health and immu-
nization programs in LMIC. MSF hoped to draw attention to this issue ahead of the 2012 World
Health Assembly [7]. Moreover, a study published in 2011 investigating the scope of potential
conflicts of interests that exist among several private foundations that are major funders of global
health, had observed that the Bill and Melinda Gates Foundation had substantial holdings in the
Coca-Cola Corporation, and had also participated in grants that encouraged communities in LMIC to
become business affiliates of Coca-Cola [15]. Such findings underline the importance of having
regulated environments when engaging with private sector foundations and initiatives especially
when we know that sugary drinks such as those produced by Coca-Cola are strongly associated with
obesity and diabetes in LMIC [15].

Such issues have helped the world to think about the need for global guidelines and precautions
that would mitigate if not prevent these competing interests from having negative repercussions on
global health. It is essential to improve private foundations and initiatives’ transparency and
accountability for nutrition and health outcomes. Nevertheless, ensuring accountability in nutrition
and health can be a challenging task for numerous reasons, one of them being that in order for
commitments and actions to be monitored within these cross-sectoral domains, leaders from different
sectors (e.g., education, agriculture and health) need to work in a coordinated and coherent way at all
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levels [69]. Another obstacle for driving accountability is the lack of trust across key stakeholder
groups in donor organizations, government, civil society and business.

With regard to nutrition, the nutrition community has developed various tools, frameworks and
organizational approaches to advance accountability and transparency. Some of these mechanisms are
currently being used by private foundations and initiatives in particular. They are for example used by
the SUN Movement, the ATNI described earlier in this chapter, the Hunger and Nutrition
Commitment Index (HANCI) which compares and ranks LMICs whose undernutrition and hunger
status is alarming or severe, and the 2015 Global Nutrition Report which laid out the issues of lack of
transparency, trust and quality commitments between key stakeholders, and added a section dedicated
to the private sector, proposing a set of recommendations to advance accountability and trust across
the nutrition landscape. Approaches and tools such as the SBN, ATNI and HANCI serve as essential
building blocks for further learning and improvement in the first years of the SDGs [69]. Shifting the
focus to the global level and private foundations and initiatives more specifically, in 1999, more than
20 years after the adoption of the original Sullivan Principles, United Nations Secretary General Kofi
Annan unveiled the new “Global Sullivan Principles” according to which some companies have
developed their own corporate social responsible guidelines, while other NGOs work toward the
development of international standards such as the International Organization for Standardization
(ISO) of which ISO 26000 specifically relates to social responsibility and is designed to provide
guidance on how business and organizations can operate in an ethical and transparent way that
contributes to the welfare and health of a society [70]. There is also the Council on Foundations, a
national (US-based) nonprofit association of more than 1700 grant-making foundations and corpo-
rations. As the leading advocate for philanthropy, the council strives to increase the effectiveness,
stewardship and accountability of this sector while providing its members with the services and
support they need to reach the common objectives [71]. A few strategies have been identified as a
way to mitigate the potential conflict of interests in private foundations to negatively impact global
health decision making. A first method is referred to as “divestment” whereby private foundations are
strongly discouraged to invest in companies that stand to profit from the tax-exempt foundation’s
agenda or in companies that produce products that have well-established correlations with public
health outcomes such as sweet foods, sugary drinks and tobacco [15]. More transparency suggests
that private foundations and initiatives should adopt full disclosure, or transparency, and ensure that
all individuals on foundation boards recuse themselves from decisions related to their affiliate
companies. And last but not least, it is crucial to align community needs with aid. Despite having
made many declarations to do so, private foundations tend to work in “silos” and prioritize a set of
issues that their founder or governing director decides is a priority. Foundation program portfolios
and investment should be in line with the priorities and needs of the intended beneficiaries of its
support [15].

Conclusion

It was the aim of this chapter to give an overview of how private foundations and initiatives can
significantly and positively contribute to long-term investments in health and nutrition outcomes in
LMIC by leveraging companies’ knowledge and resource networks. As was shown throughout this
chapter, this impact can manifest itself through the provision of goods and financial and in-kind
contributions by foundations and initiatives toward various projects and programs, through the
advance in advocacy tools, through a variety of innovations such as the development of novel
approaches, open innovations and catalytic roles, and finally through the proliferation of PPPs, which
have the potential for mobilizing resources, tapping into the development and delivery capacity of the
private sector and scaling up nutrition interventions quickly and efficiently along many other benefits.
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Worthwhile to mention is that collaboration is essential to the success and sustainability of a foun-
dation’s efforts—engaging with diverse partners in the private, public and nonprofit sectors is
essential to foster innovation at a global, national and local level. Nevertheless, as was mentioned in
the previous section, in order for corporate foundations’ role to be further strengthened and improved
in the public health ecosystem in the future, conflicts of interest must be mitigated and addressed [15].
Transparency and accountability are key elements that encourage this process, and efforts must be
made across all sectors to acknowledge the interests of all stakeholder groups, namely civil society,
government, donor organizations and the private sector [69]. Foundations can also work toward more
trust and accountability by adopting reporting mechanisms where the social impact of investment
(and not solely coverage of beneficiaries) is measured. Independent audits can also regularly measure
the scope and management of conflicts of interest with private foundations, and a widely shared and
monitored public health code of ethics could provide guidance to mitigate conflicts of interest [9].
Other measures include setting up organizational structures that are independent from their parent
company, building inclusive partnerships with government, not-for-profit organizations and compa-
nies operating in LMIC with common goals and values, and striving for transparency by divestment
and alignment of foundation investments with community needs. It is hoped that foundations and
initiatives will continue to strive for sustainability and develop new and adaptable models, which can
be scaled up effectively to speed up progress where it is most needed.

Discussion Points

• How are private sector products linked to development?
• Describe how global standards for philanthropy strengthen additional support from the private

sector.
• How would you approach a development project that would be soliciting funds from a corpo-

ration? Can you describe a product or program that a corporation would be interested in sup-
porting its development and why?

• Analyze the role that private foundations have had with leveraging national and international
support for a nutrition program.
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Chapter 36
Ethics in Public Health Research

Tanya Doherty and Mickey Chopra

Keywords International research collaborations � Research ethics � Informed consent �
Confidentiality � Standards of care
Learning Objectives

• To understand the basic ethical principles relevant to research involving human participants and to
apply them to real-world ethical dilemmas in health research.

• To be informed about international guidance documents on research ethics.
• To stimulate thinking and discussion of ethical issues by (future) researchers particularly those

involved with international collaborative studies through use of case studies.
• For students and researchers to become more familiar with a range of real-world dilemmas and

debates in international health research, especially in low- and middle-income countries.

Introduction

Scientific research has produced substantial social benefits. It has also posed some troubling ethical
questions. During the last century, there have been a number of notorious cases in which participants
have been harmed as a consequence of unethical clinical research. Public attention was drawn to these
issues by reported abuses of human subjects in biomedical experiments, especially during the Second
World War. During the Nuremberg War Crime Trials, the Nuremberg code [1] was drafted as a set of
standards for judging physicians and scientists who had conducted biomedical experiments on
concentration camp prisoners. The central feature of the Nuremberg Code was the protection of the
integrity of the person participating in research. The Nuremberg Code was endorsed by the World
Medical Association (WMA) which published the Declaration of Helsinki [2] in 1964. The
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Declaration, which has been amended nine times, sets out the principles to be observed in research on
human participants and has become the cornerstone of research related to health care. The principles
in the Declaration of Helsinki have been incorporated into many of the forms of guidance that have
subsequently been drawn up to govern the conduct of research related to health care.

The objective of ethical guidance is to provide an ethical framework: A set of principles that
allows us to evaluate the actions and policies of individuals and bodies such as international orga-
nizations, academic institutions and government agencies. These principles seek to identify the
considerations that should apply to individuals and agencies when making decisions or adopting
policies. They constitute a framework for articulating the duties, obligations, claims and expectations
of those involved in research related to health care.

During the last few decades, there has been a significant increase in the number of international
collaborative health research studies involving high-income country (HIC) sponsors and scientists
and low and middle-income country (LMIC) institutions and subjects. The inherent inequality of the
relationship between these two groups of actors has drawn attention to the ethics of research spon-
sored (or conducted) by groups in HIC but carried out in LMIC. A major question that has arisen
concerns whether it is appropriate to apply the same set of ethical standards and procedures that are
used for studies in HIC, to studies conducted in LMIC settings, where the cultural and social context
may be different.

In light of the increase in collaborative research, some institutions have developed ethical
guidelines that are aimed specifically at international collaborative research. The Council for
International Organisations of Medical Sciences (CIOMS), in collaboration with WHO, recognized
the special circumstances which arise when applying the Declaration of Helsinki to research
undertaken in LMIC settings and proposed guidelines to address them in 1982 [3]. These guidelines
sought to direct the conduct of research involving human participants in a way that would recognize
the social, economic, legal, regulatory and administrative arrangements that exist in LMICs. In the
USA, the ethical issues which arise when clinical research sponsored by the USA is undertaken in
LMIC settings were given detailed consideration in the US National Bioethics Advisory
Commissions (NBAC) report entitled: Ethical and policy issues in international research: clinical
trials in developing countries [4]. The NBAC report emphasizes the ethical and logistical problems
that arise where research related to health care in LMIC settings is externally sponsored. It is clear that
the development of an adequate system of ethical review and oversight is a necessary condition of a
defensible practice of international collaborative research in the decades ahead.

The aim of this chapter is to generate awareness and openness of discussion that may engage
researchers from HICs and LMICs in an effort to increase understanding and promote guidelines that
acknowledge both similarities and differences. The topics covered represent a wide range of ethical
issues in public health research.

Basic Ethical Principles

The expression “basic ethical principles” refers to those general judgments that serve as a basic
justification for the many particular ethical prescriptions and evaluations of human actions. Three
basic principles are particularly relevant to the ethics of research involving human participants: the
principles of respect of persons, beneficence and justice.
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Respect for Persons

Respect for persons incorporates at least two ethical convictions: first, that individuals should be
treated as autonomous agents, and second, that persons with diminished autonomy are entitled to
protection.

An autonomous person is an individual capable of deliberation about personal goals and of acting
under the direction of such deliberation. To respect autonomy is to take other people’s interests into
account, to support a sense of self-respect and self-worth and to encourage individuals to develop and
express their capacities. To show lack of respect for an autonomous agent is to use individuals as ameans
either to our own ends or to the welfare of others, to increase risk of illness or death or to misinform.

However, not every human being is capable of self-determination. The capacity for
self-determination matures during an individual’s life, and some individuals lose this capacity wholly
or in part because of illness, mental disability or circumstances that severely restrict liberty. Respect
for the immature and the incapacitated may require protecting them as they mature or while they are
incapacitated.

Some persons are in need of extensive protection, even to the point of excluding them from
activities which may harm them; other persons require little protection beyond making sure they
undertake activities freely and with awareness of possible adverse consequence. The extent of pro-
tection afforded should depend upon the risk of harm and the likelihood of benefit. The judgment that
an individual lacks autonomy should be periodically re-evaluated and will vary in different situations.

In most cases of research involving human participants, respect for persons demands that individuals
enter into research voluntarily and with adequate information. In some situations, however, application
of the principle is not obvious. The involvement of prisoners as subjects of research provides an
important example. On the one hand, it would seem that the principle of respect for persons requires that
prisoners not be deprived of the opportunity to volunteer for research. On the other hand, under prison
conditions they may be subtly coerced or unduly influenced to engage in research activities for which
they would not otherwise volunteer. Respect for persons would then dictate that prisoners be protected.
Whether to allowprisoners to “volunteer” or to “protect” thempresents a dilemma.Respecting persons is
often a matter of balancing competing claims urged by the principle of respect itself.

Beneficence

Persons are treated in an ethical manner not only by respecting their decisions and protecting them
from harm, but also by making efforts to secure their well-being. The term “beneficence” is often
understood to cover acts of kindness or charity that go beyond strict obligation. In this context,
beneficence is understood in a stronger sense, as an obligation. Two general rules have been for-
mulated as complementary expressions of beneficent actions in this sense: (1) do not harm and
(2) maximize possible benefits and minimize possible harms. The problem posed by these imperatives
is to decide when it is justifiable to seek certain benefits despite the risks involved and when the
benefits should be foregone because of the risks.

The obligations of beneficence affect both individual investigators and society at large, because
they extend both to particular research projects and to the entire enterprise of research. In the case of
particular projects, investigators and members of their institutions are obliged to give forethought to
the maximization of benefits and the reduction in risk that might occur from the research investi-
gation. In the case of scientific research in general, members of the larger society are obliged to
recognize the longer-term benefits and risks that may result from the improvement in knowledge and
from the development of novel medical, psychotherapeutic and social procedures.
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Justice

Who ought to receive the benefits of research and bear its burdens? This is a question of justice, in the
sense of “fairness in distribution” or “what is deserved.” An injustice occurs when some benefit to
which a person is entitled is denied without good reason or when some burden is imposed unduly.

During the nineteenth and early twentieth centuries, the burdens of serving as research participants
fell largely upon poor ward patients, while the benefits of improved medical care flowed primarily to
private patients. Subsequently, the exploitation of unwilling prisoners as research subjects in Nazi
concentration camps was condemned as a particularly blatant injustice. In the USA, in the 1940s, the
Tuskegee syphilis study [5] used disadvantaged, rural black men to study the untreated course of a
disease that was by no means confined to that population. These subjects were deprived of
demonstrably effective treatment in order not to interrupt the study, long after such treatment became
generally available.

Against this historical background, it can be seen how conceptions of justice are relevant to
research involving human participants. For example, the selection of research participants needs to be
scrutinized in order to determine whether some classes (e.g., welfare patients, particular racial and
ethnic minorities, or persons confined to institutions) are being systematically selected simply because
of their easy availability, their compromised position or their manipulability, rather than for reasons
directly related to the problem being studied. Finally, whenever research leads to the development of
therapeutic devices and procedures, justice demands both that these not provide advantages only to
those who can afford them and that such research should not unduly involve persons from groups
unlikely to be among the beneficiaries of subsequent applications of the research.

Application of Ethical Principles

The basic ethical principles described above should not be thought of as rules to be applied mecha-
nistically. By their nature, they call for interpretation and exercise of judgment. Most importantly, they
need to be applied within research settings. This leads to the consideration of the following require-
ments: informed consent, confidentiality, standards of care and responsibility to the study community.

These requirements, however, also need to take into consideration the special circumstances of
research undertaken in LMIC settings and sponsored by HICs. Research ethics committees or
institutional review boards to oversee public health research have been established in most LMICs
over the past few decades, but these may be less well established, less supported financially and have
different requirements than those in HICs [6, 7]. This leads to a danger that the conduct of research
may fail to adequately protect participants from LMICs.

The basic bioethical principles may have different meanings in different settings, and foreign
investigators and funders need to be sensitive to these different perspectives. Given the urgency of
research on conditions such as HIV/AIDS, careful examination of both the interpretation of existing
principles and the evolution of new guidelines is critical. This poses a challenge to researchers and
ethicists from both donor and recipient organizations. The remainder of the chapter will focus on the
ethical requirements for research with a focus on the challenges and key areas of uncertainty.

Informed Consent

Respect for persons has been described as a basic ethical principle. In research, this duty requires that
we do not act against a person’s wishes. His or her consent to participate in research must thus be
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obtained. When externally sponsored research is undertaken in LMICs, a range of issues arise in
seeking consent to take part in research. With regard to informing potential participants, concepts that
are common in research such as use of placebos or the idea of randomization may be unfamiliar to
participants in the setting in which the research is being conducted. With regard to the voluntary
nature of consent, it may be common in a particular context for a spouse or senior member of the
family to make decisions regarding health care (and by extension, to research) for the whole family or
household. In addition, access to better health care and other benefits that might be made available
through participation in research may act as powerful inducements hampering the true voluntary
nature of a participant’s consent.

Informed consent implies that the researcher and participant have entered into a voluntary
agreement without any element of coercion and that the participant is fully knowledgeable of the
implications of participation. Consent, however, is only effective if a meaningful exchange of
information takes place. If the obtaining of consent is largely ceremonial, or if the researcher merely
pays lip service to the concept, then the autonomy of subjects is disregarded and the process does not
offer adequate protection. Given that participation is the key to informed consent, it is necessary to
ensure a proper climate for the communication process.

Communicating information about a choice and its implications can be difficult and time-
consuming, but it allows valid, informed decisions. Widespread illiteracy is not a barrier to com-
prehension, especially since informed consent is more an interactive process than one that depends on
reading. When appropriate, oral or pictorial depiction of concepts such as randomization could be
used to improve understanding.

Ideally, each potential research subject should comprehend the nature of the investigation before
providing valid informed consent. This information should be communicated and interpreted at an
appropriate level of understanding so that it does not become overwhelming and senseless. The
pre-recruitment counseling for research conducted on patients seeking medical care should include
information explicitly emphasizing that non-participation in the research project will in no way
compromise the care provided at the institution.

We should not rely solely on individual informed consent to educate people about studies,
especially community trials. Baseline knowledge in the community should be enhanced by more open
discussions of the topic in places like community meetings, because the more people understand the
subject, the less anxious they are when given individual information as part of their invitation to
participate. Moreover, the importance of community structures within many African societies should
be acknowledged and a process of dual consent may give more legitimacy to a study than individual
consent alone.

The following case study provides examples of how a process of community information can be
combined with innovative methods of individual consent. The case is based on an article by Preziosi
et al. [8].

Case Study 1
In the process of this study that aimed to evaluate a new pertussis vaccine in a rural community
in Senegal, the researchers wanted to assess the incorporation of clear procedures for obtaining
individual informed consent from parents. In this part of Senegal, consent for all previous
research with human subjects had been obtained from community leaders on behalf of all
eligible members of the community. Individuals could subsequently decline to participate.

At the start of the study, meetings were held by the field staff and physicians in each village
to provide information and obtain consensus. All residents were invited. Presentations were
given simultaneously in Sereer and French. Each presentation included a review of the activity
of the research organization in the study area, information about vaccination and a description
of the study. To illustrate the principle of randomization and the possibility that one of the
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vaccines might fail, the presenters used a familiar agricultural example: the evaluation of
fertilizers or seed varieties on randomized plots, a procedure familiar to farmers in the area.
After these meetings, the researchers began to inform the mothers further and to give them a
distinct opportunity to refuse to participate. During one vaccination session, a pilot evaluation
of the feasibility of obtaining individual oral informed consent was conducted. Subsequently, a
physician fluent in Sereer routinely presented the information at each monthly vaccination
session and recorded the mother’s answers as witnessed by the vaccination nurse. From that
point until the last vaccination in the study, the mother of each child eligible for inclusion in the
vaccine study was asked whether she had been informed about it and if so how. If she had not,
the study was explained to her and she could then decide whether or not to participate.
Throughout the study, whole-cell DTP-poliovirus vaccine (which was the standard of care at
the time) was available for the infants of mothers who declined to be included in the study or to
have subsequent doses administered. The interventions were evaluated at the end of the study to
determine the feasibility and validity of seeking individual informed consent.

Results of this evaluation showed that mothers were generally in agreement with vaccination
and to the participation of their children in the study. Certain questions raised indicated their
difficulty in understanding the concept of a double-blind study: They wanted to choose one of
the vaccines for their children or at least to know which vaccine was given in order to be able to
make their own judgments about both vaccines. In general, the results of this study indicate that
the parents understood the study sufficiently to make informed choices. During the meetings,
comments by community residents emphasized their understanding of the principles of the
vaccine study after these principles were illustrated with better-known examples drawn from
agriculture. The increased acceptance of vaccination overall suggested a positive effect of the
information sessions held by the researchers.

The consent process described in the case provided each mother with an opportunity to make an
individual choice for her child within the context of community consensus, which is consistent with
the social organization of the community. To rely solely on communal consent for research is not
widely accepted in ethical guidelines [3], and the use (or abuse) of cultural relativism to obviate the
need for eliciting informed consent from individuals has been severely criticized [9]. In this situation,
given the nature of the intervention (vaccination), individual informed consent was appropriate as a
means to ensure autonomy and prevent exploitation of this society. The NBAC report [4] (recom-
mendation 3.6) provides some guidelines as to the role of others in the consent process. It states:
“Where culture or custom requires that permission of a community representative be granted before
researchers may approach potential research participants, researchers should be sensitive to such
local requirements. However, in no case may permission from a community representative or council
replace the requirement of a competent individual’s voluntary informed consent.”

In a cluster randomized trial of a participatory women’s group intervention in Nepal [10], the
researchers held a series of meetings with members of the District Development Committee, the Chief
District Officer and local stakeholders to explain the aims and design (community randomization) of
the trial. This was followed by meetings with the chairpersons of the 24 village development com-
mittees (unit of randomization) involved in the study who gave signed consent on behalf of their
communities. Enrollment into the study was done by a team of field interviewers who visited homes
within the selected villages, explained the study to eligible women and asked for individual consent to
participate.

In the two examples given above, obtaining individual informed consent with community con-
sensus was appropriate and served many benefits beyond the autonomy that it gave to the participants.
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Confidentiality

Researchers are required to ensure that the information that they gather from participants is protected
to prevent undue harm or negative consequences from participation in the research. This relates to the
basic ethical principle of beneficence. This is particularly important where research is being carried
out with vulnerable or identifiable population groups such as individuals with HIV/AIDS. Breaking
of confidentiality is a risk to subjects which can cause people to become social outcasts, stigmatized
and various other adverse social consequences. These risks are different depending on the subject
under study and feelings surrounding this in the particular culture or society.

Maintaining the confidentiality of information obtained from health research poses unique chal-
lenges to researchers especially where they may uncover practices during the conduct of field work
that may be substandard or even place patients at risk. The following case raises issues regarding the
maintenance of confidentiality in a research study involving a vulnerable participant group.

Case Study 2
Background
To determine the level of vertical HIV transmission, a local non-governmental research group
in Uganda designs a study that uses a prospective cohort study design to follow HIV-positive
women from late pregnancy until their infants reach one year. The study will cover ten villages
in an area where government prevention of mother-to-child HIV transmission (PMTCT) ser-
vices are provided through the district hospital, some rural hospitals and a few primary
healthcare centers.

Recruitment Methods
The study team proposes to set up a recruitment system which will use two main sources to find
HIV-positive pregnant women: (1) community-based health workers and women’s groups and
(2) health workers who are providing PMTCT services.

All health providers who provide PMTCT services and who agree to be part of the
recruitment process will be given an instruction sheet explaining the purpose and methods of
the study. They will discuss the study with women who test HIV positive during antenatal VCT
and obtain their consent to be interviewed at home by the research team. Health providers will
give the researchers the names of those who agree to participate but will not provide a list of
those who refuse to be interviewed. Information sources within the community will be asked to
serve as intermediaries to schedule an interview between the researchers and the consenting
women.

As some of the women may have changed their mind about being interviewed after their
original consent, a second layer of protection from unwanted attention is afforded to the women
by adopting the following measures: (1) during the interview, attention will be focused on the
pregnancy and the health of the infant rather than issues related to HIV and (2) artificial privacy
will be created during the interview by using a “team” of interviewers where one person
conducts the actual interview, while the other members of the team engage family members in
dummy interviews. Women will be free to discontinue the interview at any time without
prejudice.

Deliberations of the Ethical Review Committee
The study is presented to the ethical review committee of the international funder following its
approval by the local ethical review board. All but one member of the ethical review committee,
an anthropologist who has worked extensively in Uganda, approve the study. She is concerned
that there is some chance that the confidentiality of the women may be compromised and wants
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assurances that the records that identify the research subjects will be kept confidential. The
study group responds that all records will be kept under lock and key in the main offices of the
NGO, which is nowhere near the study site.

In the case described above, the researchers used a variety of individuals to recruit participants into
the study including healthcare workers and community workers. This may have threatened the
confidentiality of the participants as it is not clear whether the community workers were aware of the
aims of the research or the HIV status of the women. The Declaration of Helsinki [2] addresses the
issue of confidentiality in the following recommendation: “The right of research subjects to safe-
guard their integrity must always be respected. Every precaution should be taken to respect the
privacy of the subject, the confidentiality of the patient’s information and to minimize the impact of
the study on the subject’s physical and mental integrity and on the personality of the subject.”

There are many dilemmas that confront researchers in their attempts to uphold confidentiality.
Public health research in particular often involves observational data collection within facilities. If
during data collection a researcher uncovers a situation in a clinic where bad practice places patients
at risks, he/she faces a dilemma. The researcher knows what they are seeing is wrong yet they have an
ethical obligation to protect the confidentiality of the healthcare workers and the health center.
Researchers often face role confusion between observing/reporting and implementing/taking action.
In participatory/social science research, this role can be particularly unclear as researchers work
closely with participants in a collaborative relationship. The main obligation of the researcher is to
maintain the confidentiality of the participants/study sites, yet to what extent should this be upheld?
Are there times when it would be appropriate to disclose information and how is that decision made?
In all cases, the need to protect confidentiality needs to be balanced against the risk to individual
patients.

Disclosing the names of health centers that have been involved in research, especially where poor
practices/care has been observed, may have serious implications for the health workers who staff
these centers. Their jobs may be threatened, and they may face criticism from the management. Yet,
without knowing which the “problem” health centers are, would it be possible for the management to
make the necessary changes to improve the quality of care? This is a complex dilemma, but one that
researchers will increasingly be faced with as health systems research grows and the realities of
service provision are brought to light.

Standards of Care

What standard of care to provide to participants in research has become an increasingly debated topic
as more research is being conducted in LMICs. Should participants receive the best current treatment
available anywhere in the world, or treatment based on an alternative standard of care which takes
local circumstances into account? Where the best current treatment is inexpensive and simple to
deliver, the answer is clear [11]. However, for many diseases and conditions, such a standard of care
is routinely available to only a small proportion of the world’s population and may be difficult to
provide in LMICs.

This raises the question: What would be an ethically sound comparison group against which to
compare a new treatment/intervention? If an established treatment exists for a condition, is there ever
any justification to test a new treatment against a control group that receives no treatment? The
following case highlights this dilemma.
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Case Study 3
Since the early 1990s, several randomized controlled trials have evaluated the efficacy of
perinatal ARV prophylaxis regimens for the PMTCT. The first of these, the PACTG 076 trial
conducted in the USA and France, evaluated the efficacy of antenatal and intrapartum zido-
vudine to the mother and 6 weeks of postnatal zidovudine to infants versus placebo. All
mothers fed their infants formula milk. At 18 months, transmission was 7.6% in the zidovudine
group and 22.6% in the placebo group. This was the first randomized controlled trial to prove
the efficacy of an intervention to reduce the incidence of HIV infection in infants.

When the results of the PACTG 076 trial became available, a number of randomized
placebo-controlled trials of ARVs to reduce MTCT were already underway in Africa and
Thailand. In September 1997, a paper by Lurie and Wolfe [12] and an editorial by Angell [13]
in the New England Journal of Medicine criticized placebo-controlled trials of short-course
zidovudine given to HIV-infected pregnant women to prevent mother-to-child HIV transmis-
sion. The trials were designed to determine whether relatively affordable and more feasible
shorter courses of zidovudine given to pregnant women in LMICs would reduce the risk of
mother-to-child transmission. They were conducted in countries where conventional local
antenatal care did not include antiretroviral treatment. The trial designs had been approved by
ethics committees in the countries in which the trials were conducted. Research in which the
control group would be provided with a placebo would be deemed unethical in HICs where
antiretroviral treatment is available and the long-course zidovudine as assessed in PACTG 076
would be considered the standard of care.

The critics of the trials of a short course of treatment argued that it was unethical to give the
control group a placebo when it had already been demonstrated that the longer courses reduced
transmission of the virus. The CDC, NIH, UNAIDS and a wide range of individuals rejected
this view for several reasons [14–17]. Firstly, the 076 regimen was a complex, expensive,
three-phase regimen that would be difficult to implement in resource-poor settings; secondly,
the 076 trial was undertaken in a non-breastfeeding population which is very different to the
situation in African contexts where the majority of women breastfeed and other risk factors
such as micronutrient deficiencies and sexually transmitted infections are more frequently
present.

When deciding on an appropriate standard of care for a control group in a randomized trial, the
context in which the research is to be conducted needs to be carefully evaluated. A suitable standard
of care can only be defined in consultation with individuals working in the country and must be
justified to local research ethics committees.

The NBAC report [4] refers to the provision of treatment for control groups. “Researchers and
sponsors should design clinical trials that provide members of any control group with an established
effective treatment, whether or not such treatment is available in the host country. Any study that
would not provide the control group with an established, effective treatment should include a jus-
tification for using an alternative design. Ethics review committees must assess the justification
provided, including the risks to participants, and the overall ethical acceptability of the research
design.”

The issue of standards of care also arises with regard to preventive interventions, such as par-
ticipants in a vaccine trial, and this has been hotly debated very recently in relation to Ebola vaccine
trials. The unprecedented Ebola epidemic that occurred in West Africa in 2014–15 spurred the
development of Ebola vaccine candidates, and difficult questions emerged about how to design
clinical trials and who should be the first to get the vaccine. Many scientists said that with Ebola, it
would not be ethical to use the standard procedure for testing a vaccine’s efficacy: a randomized
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placebo-controlled trial, in which some trial subjects would be assigned to a control group that does
not receive the actual vaccine [18]. Since animal experiments had suggested that Ebola vaccines
could well offer protection, keeping them from health workers facing a disease as deadly as Ebola was
considered by some to be unethical.

Some scientists proposed an alternative trial design known as stepped wedge, which takes
advantage of the common reality that a large-scale study cannot give everyone the vaccine on the
exact same date. Stepped-wedge trials compare the rates of infection in people already vaccinated
with those who have yet to receive the vaccine. In this design, all participants will receive the vaccine
by the end of the study. The pharmaceutical company argued against this approach as it would take
longer to complete a stepped-wedge trial than a standard RCT and the analysis would be more
complex. They proposed using an “active control,” a proven vaccine (for instance, against hepatitis B)
that would at least protect participants against another virus. The ultimate decision taken was to
proceed to an RCT with an active control once the phase I trials were complete as this design
provided the fastest and most acceptable route to determine whether the vaccine was safe and
effective.

These are complex questions that researchers have to face. The important principle to keep in mind
when considering these issues is not to exploit those who are vulnerable. This can be achieved by
providing the universal standard of care where possible, choosing an alternative trial design, or at
least providing the same level of care that is available in the national public health system, and
attempting to improve standards of care both during and after the research process, in particular
through a comprehensive dissemination plan including recommendations based on the research
findings, targeted at policy makers.

Responsibility to the Study Community After Completion of Research

Not all research will have results that can be translated directly into practice. However, research
related to health care is usually designed to obtain results that will lead to an improvement in the
prevention, diagnosis or treatment of a disease. One issue that arises when considering whether it is
acceptable to undertake research in a LMIC setting is whether the intervention being studied is likely
to be affordable in that country if shown to be effective. Researchers also need to consider whether it
is appropriate to conduct research if the benefits of that research will not be made available to the
community in which the research was undertaken.

The case below addresses the issue of researchers’ responsibilities to study communities. Central
questions to keep in mind while reading the case are: What benefits should be provided to the research
participants, and by whom, after their participation in the trial has ended, and what, if anything,
should be made available to others in the host community or country?

Case Study 4
Background Information
Vaccination against Plasmodium falciparum is the intervention with the greatest potential to
reduce malaria-associated severe morbidity and mortality in areas with the most intense
transmission. Infants and young children at risk of P. falciparum in Africa and non-immune
travelers to areas endemic for P. falciparum and Plasmodium vivax represent the extremes of
target groups in whom malaria vaccines would be useful.

So far, only one vaccine, a multistage synthetic peptide, has shown any evidence of pro-
tection. Phase I studies of this candidate vaccine in the USA have been encouraging:
Immunization of human subjects shows evidence of a strong immune response. No safety
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studies have been performed in children under 6 months. Furthermore, no synthetic peptide
vaccine has previously been given to this age group.

In order to progress in the critical path of vaccine development and testing toward the
implementation of a new vaccine in malaria control programs, a multinational pharmaceutical
company is in the process of designing a randomized double-blind placebo-controlled efficacy
trial of the vaccine when given alongside the EPI scheme.

A country in East Africa where malaria is endemic has expressed interest in participating in
the vaccine research effort, and their scientists and the pharmaceutical company investigators
are collaborating on a study protocol to see whether the vaccine is effective in reducing deaths
due to malaria in the under-5 population.

Site Selection and Recruitment
This study will be conducted in a town in the south of the country where there is intense
year-round malaria transmission. The incidence of clinical malaria rises steeply after the first
month of life, and the incidence in infants attending local health facilities for malaria and severe
anemia, a common manifestation of malaria, is 0.7 and 0.6 episodes per child year, respectively.
In this town, a district hospital provides curative health services and an active mother and child
clinic (MCH) delivers routine childhood immunizations and offers a monthly weighing clinic.
Malaria control efforts are based on prompt diagnosis and chloroquine treatment, although 60%
of parasite strains in the area are resistant to chloroquine.

The researchers will recruit participants at the MCH clinic. Researchers will explain the trial
to mothers, when they bring their children for their first immunization. After receiving written
informed consent from the mother, a child will receive a first dose of SPf66 or placebo
(aluminum hydroxide), when they present for the first EPI immunization at around one month
of age. Second and third doses will be given at 2 and 7 months of age, respectively.

Parents will be advised to attend the clinic if their child experiences any health problems
(such as fever or diarrhea). Children who develop malaria (as determined by both clinical
findings and microscopy) will be treated in the district hospital according to national guidelines
(chloroquine therapy). The study will look at cases of malaria as the main study endpoint.

A few months prior to the proposed start of the trial, the pharmaceutical company investi-
gators visit the host country in order to meet with representatives from the Department of
Health to finalize the research protocol. The representatives from the Department of Health
request that if the vaccine is effective, all children in this country should benefit from the results
of the study by receiving free doses of the vaccine for five years following the completion of the
trial.

The researchers find this to be an extreme request. They explain that they have a limited
budget for their research and they cannot afford to pay for the cost of vaccination coverage of
the whole population of 45 million. They emphasize that they are currently conducting trials for
other treatments aimed at the LMIC market, and it would be unfair to provide free treatment to
one country and not to another.

The issue of benefits to study subjects on completion of a trial has become a complex debate
among international researchers. Some have argued that interventions proven to be beneficial to
participants during a study should be made available to them at the completion of the study [19].
Continued access to experimental medications is one way in which subjects may benefit from
research participation. However, participation in research does not necessarily entitle subjects to
continue receiving treatment, nor does it obligate investigators to provide continued treatment; to do
so would be to blur the line between research and clinical care. Importantly, researchers should
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develop explicit dissemination strategies to inform participants and host communities of the results of
the research results. Having participated in the research and assumed risks, the participants and host
community have a right to know what was found and its implications for public health policy and
practice.

If the vaccine company in the above case was unable to provide broad population benefits by
making the vaccine available to the Ministry of Health free of charge on completion of the trial, are
there other benefits they could provide such as upgrading of the district hospital to deal more
effectively with malaria cases, or assisting with other control measures such as provision of bed nets?

The NBAC report [4] refers to the issue of post-trial benefits and recommends (4.1) that:
“Researchers and sponsors in clinical trials should make reasonable, good faith efforts before the
initiation of a trial to secure, at its conclusion, continued access for all participants to needed
experimental interventions that have been proven effective for the participants. Although the details of
the arrangements will depend on a number of factors (including but not limited to the results of a
trial), research protocols should typically describe the duration, extent, and financing of such con-
tinued access. When no arrangements have been negotiated, the researcher should justify to the
ethics review committee why this is the case.” The Declaration of Helsinki [2] offers a similar
guideline. It states that: “At the conclusion of a study, every patient entered into the study should be
assured of access to the best proven prophylactic, diagnostic and therapeutic methods identified by
the study.”

It can be seen from the above guidelines that the ethical obligation to provide the intervention to
others in the community who might benefit from it is considerably less strong, but a plan to do so
would help reduce the risk of exploitation. The NBAC report [4] makes the following recommen-
dation regarding post-trial benefits (recommendation 4.2): “Research proposals submitted to ethics
review committees should include an explanation of how new interventions that are proven to be
effective from the research will become available to some or all of the host country population beyond
the research participants themselves. Where applicable, the investigator should describe any pre-
research negotiations among sponsors, host country officials, and other appropriate parties aimed at
making such interventions available. In cases in which investigators do not believe that successful
interventions will become available to the host country population, they should explain to the relevant
ethics review committee(s) why the research is nonetheless responsive to the health needs of the
country and presents a reasonable risk/benefit ratio.”

Determining who should be responsible for providing post-research benefits to research partici-
pants and host communities or countries is an especially difficult problem.

Researchers or sponsors of research include a diverse set of individuals and entities, with different
resources, roles and responsibilities in the research process. These differences will influence the
nature of the obligations that each party should shoulder. A researcher’s basic and generally accepted
responsibility on completion of a study is one of advocacy by ensuring that the issue of access to
effective interventions and other post-trial benefits is considered at each stage of the research process,
especially the planning and design stages. This means discussing with relevant parties the potential
for making effective interventions available and serving as an advocate, assuming that the trial results
are positive.

The fundamental goal of public health research is to improve the health and quality of care
provided to individuals and communities. Researchers should therefore discuss and develop plans
prior to the undertaking of studies regarding the long-term benefit to participants and the wider
community. Raising the quality of health care available to those in LMICs, given current inequities,
cannot be achieved in the short term. However, through the conduct of research that is responsive to
the needs of LMICs together with attempts to make these interventions affordable and accessible, we
could move closer to this goal.
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Ethical Review Processes

An effective system for the review of the ethics of research is a crucial safeguard for participants in
research. The accepted method of ensuring that unethical research is prevented is through the
establishment of a system in which research ethics committees undertake independent review of
scientific protocols. It is important for ethics committees to be independent of government and
sponsors of research. Furthermore, international collaborative research should be subject to review in
both the country hosting the study and at the international collaborating partners’ institution. The
reality, however, is that ethics committees are often absent, under-resourced or ineffective in many
LMICs.

There are three levels of assessment that should be considered for all research proposals:

• Relevance to priorities in health care within the country where the research is proposed to be
conducted.

• Scientific validity.
• Ethical acceptability.

Although ethics committees are not constituted to take policy decisions on, for example, whether
the findings of a research project could be implemented in the country, they should determine whether
the implications of the research have been considered including the possibility of introducing to the
wider community, treatment shown to be effective. In addition, they should request justification for
research that does not include provisions for the development of expertise in research within the
country where it is undertaken.

There is also a role for ethics committees to assess the scientific rigor of research. Ethical review
mechanisms should ensure that the scientific design of the research realizes social value for the
primary participants of the research and that the scientific design is appropriate for achieving the
research objectives and is feasible within the social, political and cultural context. Research that is not
appropriately designed will fail to provide answers to questions posed by the research and thus have
limited or no benefit to participants or the wider community.

An ethics committee’s primary task is to assess the ethical acceptability of research proposals with
particular attention paid to the following: the predictable risks involved for participants, the antici-
pated benefits to participants, the provisions within the design relating to the care and protection of
participants, the procedures for recruitment and selection, the processes for obtaining informed
consent and provision for refusing consent and or withdrawing it during research and provisions for
protecting the security and confidentiality of participant data.

The mere presence of an ethics committee is not enough to ensure that research will be adequately
reviewed. Committees may be ineffective for a variety of reasons including a lack of financial and
human resources, a lack of training in and experience with reviewing the ethics of research.
Furthermore, if a committee has limited independence and no clear framework of guidance to work
within, there is a danger that they take ad hoc rather than principled decisions.

For research ethics committees to function effectively, committee members must receive adequate
training. As ethics committees often have a high turnover of staff, regular training programs are
needed. A number of programs are being established to develop expertise in the field of medical
ethics from organizations such as the National Institutes of Health (NIH) in the USA, the World
Health Organization and the Wellcome Trust. International organizations need to continue to expand
their programs for establishing, training and monitoring the development of research ethics
committees.

Careful reflection by HIC scientists about the ethics of conducting research in developing countries
is essential, but it must go hand in hand with true collaborative partnerships and the establishment of
systems of review by researchers in the host countries. To encourage the development of ethical
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theory and practice in public health research in LMICs, local experts, medical and non-medical, must
become more actively involved in screening research proposals and in studying examples where
ethical dilemmas and conflicts are highlighted in order to draw on important lessons and to improve
research practice.

Conclusions

Researchers, sponsors and others who are involved in research related to health care are often faced
with diverse and sometimes conflicting guidance. It is important to consider all ethical questions in
the context of an ethical framework that can provide a guide to use when determining how to apply
guidelines. A major priority is the development of national ethical guidance and the strengthening of
the process of ethical review of research, which will provide a further layer of protection to partic-
ipants in research.

Discussion Points

• What are the common challenges in conducting international collaborative research and what
mechanisms could be put in place to mitigate these?

• What role do ethical review processes play in international collaborative research studies? What
are the functions of the local and international ethical review structures?

• What considerations should be taken into account when seeking informed consent for research
undertaken in LMICs?

• What considerations should be taken into account when deciding on the standard of care to offer
participants in a control group?

• What the responsibilities of a researcher and research sponsor on completion of a study?

References

1. The Nuremberg Code: Trials of War Criminals Before the Nuremberg Military Tribunals Under Control Council
Law No. 10. Washington: US government printing office; 1949. p. 181–2.

2. World Medical Association. Declaration of Helsinki: ethical principles for medical research involving human
subjects. Adopted 18th WMA General Assembly, Helsinki, Finland, June 1964. Amended 52nd WMA general
assembly, Edinburgh, Scotland. France: Ferney-Voltaire; Oct 2000.

3. Council for International Organizations of Medical Sciences. International guidelines for ethical review of
epidemiological studies. CIOMS; 1991.

4. National Bioethics Advisory Commission. Ethical and policy issues in international research: clinical trials in
developing countries. NBAC; 2001.

5. Brandt AM. Racism and research: the case of the Tuskegee syphilis study: Hastings center report 8, no. 6; 1978.
6. Emanuel EJ, Wendler D, Killen J, Grady C. What makes clinical research in developing countries ethical? The

benchmarks of ethical research. J Infect Dis. 2004;189(5):930–7.
7. Hyder AA, Wali SA, Khan AN, Teoh NB, Kass NE, Dawson L. Ethical review of health research: a perspective

from developing country researchers. J Med Ethics. 2004;30(1):68–72.
8. Preziosi MP, Yam A, Ndiaye M, Simaga A, Simondon F, Wassilak SG. Practical experiences in obtaining

informed consent for a vaccine trial in rural Africa. N Engl J Med. 1997;336(5):370–3.
9. Lurie P, Bishaw M, Chesney MA, Cooke M, Fernandes ME, Hearst N, et al. Ethical, behavioral, and social aspects

of HIV vaccine trials in developing countries. JAMA. 1994;271(4):295–301.

806 T. Doherty and M. Chopra



10. Manandhar DS, Osrin D, Shrestha BP, Mesko N, Morrison J, Tumbahangphe KM, et al. Effect of a participatory
intervention with women’s groups on birth outcomes in Nepal: cluster-randomised controlled trial. Lancet.
2004;364(9438):970–9.

11. Nuffield Council on Bioethics. The ethics of research related to healthcare in developing countries. London:
Nuffield Council on Bioethics; 2002.

12. Lurie P, Wolfe SM. Unethical trials of interventions to reduce perinatal transmission of the human
immunodeficiency virus in developing countries. N Engl J Med. 1997;337(12):853–6.

13. Angell M. The ethics of clinical research in the Third World. N Engl J Med. 1997;337(12):847–9.
14. DeCock K, Shaffer N, Wiktor S, Simonds RS, Rogers M. Ethics of HIV trials. Lancet. 1997;350:1546–7.
15. Merson MH. Ethics of placebo-controlled trials of zidovudine to prevent perinatal transmission of HIV in the Third

World. N Engl J Med. 1998;338:836.
16. Perinatal HIV Intervention Research in Developing Countries Workshop Participants. Science, ethics, and the

future of research into maternal-infant transmission of HIV-1. Lancet 1999;353:832–835.
17. Varmus H, Satcher D. Ethical complexities of conducting research in developing countries. N Engl J Med.

1997;337:1003–5.
18. Cohen J, Kupferschmidt K. Ebola vaccine trials raise ethical issues. Science. 2014;346(6207):289–90.
19. National Bioethics Advisory Commission. When research is concluded—access to the benefits of research by

participants, communities, and countries. In: Ethical and policy issues in international research: clinical trials in
developing countries. Washington DC: US Government Printing Office; 2001.

36 Ethics in Public Health Research 807



Index

A
Accenture Development Partnerships, 783–785
Acceptable Range of Macronutrient Distribution

(ARMD), definition, 587
Access to Nutrition Index (ATNI), 773
Acquired immune deficiency syndrome (AIDS), 414,

419–420
advanced AIDS, 450
End of AIDS, 668
HIV wasting, 451
United Nations Programme on (UNAIDS), 415

combination prevention, 426
WHO plan, Three by Five, 415

Acrodermatitis enteropathica, 273, 274
Activity-based costing ingredients (ABC-I) approach,

619
Adequate intake (AI), 161, 330, 587

calculation for, 96
Adolescent Girls’ Anaemia Control Programme, 569
Adolescents, 124, 126, 129–130, 559

adolescent growth and nutritional status in relation to
pregnancy, 565–567

child marriage and adolescent pregnancy, 561
delivery platforms, 571

community- and health-based delivery platforms,
572

school-based platforms, 571–572
social safety nets or social protection programs,

572–573
determinants of growth of, 564–565
global data on adolescent nutrition, 562–563
growth and development of, 564
intervention strategies and delivery platforms,

567–568
micronutrient deficiencies and anemia in low- and

middle-income countries, 567
nutrition-sensitive interventions, 570

anthelmintic treatment, 570
optimizing interval between pregnancies, 571
postponing age at marriage and first pregnancy,

570–571
nutrition-specific interventions, 568

dietary intake, improving, 569–570
iron and folic acid status, 568–569

pregnant adolescents, nutrition of, 570
unique lives and needs of, 560–561
and youth, 560

Adult-onset diabetes, 150, 152, 154
Adult weight classifications, 97
African countries, nutrition capacity in, 73–74
African Nutrition Leadership Programme (ANLP), 80
Aga Khan Development Network (AKDN), 80
Agenda for Sustainable Development (2030), 367
Agriculture, urban, 718–719
Agriculture development programs, 604
Air displacement plethysmography (ADP) technology,

96
Ajinomoto Group, 775
Alma-Ata declaration, 625
Alpha(1)-acid glycoprotein (AGP), 105, 269
1 a-hydroxylation, 300
Alpha-linolenic acid (ALA), 322, 325, 330
American with Disabilities Act (ADA), 525
Amylase, 166–167
Anemia, 172, 176, 243, 569

in adolescents, in low- and middle-income countries,
567

assessment of, 241, 242
control of, 252–256
detection, by clinical examination, 243
and HIV infection, 428
in pregnancy, 477
prevalence, 244
small for gestational age and, 508
and TB, 443
as vitamin A deficiency disorder, 210–211

Anorexia nervosa, 470, 472
Anthelmintic treatment, in adolescents, 570
Anthropometric measures, 96, 124, 125, 126, 131

for adults and aging, 96–98
for birth outcomes and pregnancy, 98–99
for children, 99–101

Anti-tuberculosis therapy (ATT), 438
Antioxidants, 475
Antiretroviral drugs (ARVs), 341, 371, 415, 416, 425
Antiretroviral therapy (ART), 341, 415, 423–424, 457,

459–460, 674, 675
Arachidonic acid (AA), 322, 326

© Springer Science+Business Media New York 2017
S. de Pee et al. (eds.), Nutrition and Health in a Developing World,
Nutrition and Health, DOI 10.1007/978-3-319-43739-2

809



Asian countries, nutrition capacity in, 74–75
Asthma, 198, 324
Attention deficit disorder (ADD), 542
Attention deficit/hyperactivity disorder (ADHD), 526,

542
feeding/nutritional problems, 542–543
growth deviants, 543

Atwater, Wilbur Olin, 10
Autism, 526, 529. See also Autism spectrum disorders

(ASDs)
Autism spectrum disorders (ASDs), 543

feeding/nutritional problems, 543–544
growth deviants, 544
symptoms, 533

Average for gestational age (AGA) infants, 98
Avon Longitudinal Study of Parents and Children

(ALSPAC), 541

B
Baby-Friendly Hospital Initiative (BFHI), 374, 375
Baby-friendly hospitals (BFHs), 374–375
Bacillus Calmette–Guerin (BCG) vaccine, 396, 397, 402,

403, 405, 406
historical perspective, 387

Balanced energy and protein (BEP) supplementation, 569
Balanced protein–energy (BPE) supplementation, 493,

495
The Barker Hypothesis, 512
Bedaquiline, 404
Behavior change communications (BCC) strategy, 73,

605, 614
Beneficence, ethical principles, 795
Benefit:cost analysis, 34
Benefit:cost ratios, nutrition interventions, 34, 41
Bennett’s law, 741
Benoiston de Châteauneuf, Louis François, 7
Beriberi, 11–12, 14
b-apocarotenals, 182
Beta-carotene, 182, 541

food sources, 187
Bifidobacteria, 350
Bilharzia. See Schistosomiasis
Biofortification, 171, 216–217, 280
Biomarkers, 105–107

and dietary intake, 107
and environmental factors, 105
and obesity, 106
proteomics, 106
and time, 106

Bitot’s spots, 208, 209, 211
Blegvad, Olaf, 16
Blinding, 50
Bloch, Carl, 16
Body mass index (BMI), 96–97, 99–100, 562, 563, 710

in HIV, 461, 462
measure of overweight and obesity, 144–145
risk for TB and, 438, 439

Bovine TB, 392

Breast cancer, 479–480
obesity, 479
vitamin D supplementation and, 480

Breast milk substitute, 362, 372
Breastfeeding, 11, 35, 205, 208, 337, 338, 361, 459, 777.

See also Human milk
and 2030 Agenda for Sustainable Development, 367
benefits

for child, 339–340
for mother, 340

community and global issues affecting, 370–371
definitions and recommendations, 361–362
essential fatty acids in, 327
and HIV transmission, 341, 429
infant feeding after 12 months, 365
and infant health, 363–364
initiation, 365–366
Kangaroo method, 366–367
and maternal health, 364–365
nutrient content of breast milk, 362–363
promotion and support, 340–341
protection, promotion and support, 371

policies and guidelines, 372–374
promotion programs, 374–376

socioecological model and social determinants, 371
suboptimal, 35, 37
trends, 367

global and regional trends, 367–370
vitamin D deficiency, 299, 302, 304

Bretonneau, Pierre Fidèle, 9
Britannia Industries Limited, 774
Britannia Nutrition Foundation (BNF), 775
British Public Health Act (1848), 8
Buffalo milk, 339, 341

C
C-reactive protein (CRP), 105, 269
Cachexia

in HIV, 454
tuberculosis and, 440–441

Calcium, 538
deficiency signs and symptoms, 103
pregnancy and, 476

Calmette, Léon Charles Albert, 405
Candida albicans, 366
Capacity development, 67

achieving international goals
and targets, 68–69

advocacy and leadership, 79–80
approaches to develop

individual capacity, 77
institutional capacity, 81–82
systemic capacity, 82

assessing nutrition capacity, 70
in African countries, 73–74
in Asian countries, 74–75
capacity for addressing obesity and

non-communicable diseases, 75

810 Index



global health workforce and capacity to deliver
nutrition services, 70–72

multi-country nutrition initiatives, 72–73
building on what we know, 76
burden of malnutrition, 67–68
complex nexus of contributing factors, 68
curriculum and credentials for development needs,

78–79
defining, 69
innovative approaches to education and training,

80–81
levels of, 69
monitoring and evaluating, 82–84
new knowledge and skills to address post-2015

challenges, 77
new ways of working with other disciplines, 77–78

Caritat, Marie Jean Antoine Nicolas, 4
Carotenoids, 107, 182, 188
Casein proteins, 342, 349
Catechol-O-methyltransferase (COMT) gene, 533, 534
CD4 count, 424–425, 429, 455
CD4 receptor, 418
CD4+ T cells, 395, 400, 418
Centers for Disease Control and Prevention (CDC), 414
Cephalopelvic disproportion (CPD), 474
Cerebral palsy (CP), 525, 544

feeding/nutritional problems, 545
growth deviants or nutritional deficits, 545–546

Cervical cancer, 480
Chadwick, Edwin, 7, 7–8
Chapin, Charles, 10
Child growth

assessment, 119
importance of zinc for, 274

Child health, 127, 506, 508, 631
Child Health Days, 214
Child Health Epidemiology Reference Group (CHERG),

506
Child marriage and adolescent pregnancy, 561
Child mortality, 506, 548, 714

reduction of, vitamin A and, 16–18
Child nutrition

disparities in, urban and rural areas, 708–709
services, 73
zinc supplementation, 275

Children
anthropometric measures for, 99–101
HIV infection in, 429–430
preventive zinc supplementation in, 275–276
tuberculosis in, 443–444

Chinese city dynamics, 695
Cholera, 8, 9
Chromium, 104

deficiency signs and symptoms, 103
recommendations for

older men, 588
older women, 589

Chronic diseases, 516

in aging, 585
and diet and nutrition in LMICs,

585–586
non-transmissible disease epidemiology in

low-income country, 585
relationship of chronic disease to diet and nutrition

in LMICs, 585–586
Cities, nutrition analysis of, 688

consumption trends in cities, 690–691
global nutrition status, 688–689
global urban nutrition status, 689–690

City region food system, 700
Climate variability and agriculture, relationship between,

68
Cod liver oil, 16–17, 438
Cognitive function

economics of malnutrition and cognitive impairment,
34

iodine role in brain development, 290
Colostrum, 338, 362
Combination prevention, 425–426
Communities, 625

historical perspectives, 626, 627
access barriers, overcoming, 630
defining and monitoring quality of care, 632
health services, delivering, 630–632
home care and care seeking, educating for,

629–630
social norms and rights, promoting, 627–628
social support, providing, 632–634

shifting dynamics, 634
focus shifting from communities to individuals,

637–638
physical communities, changing dynamics of,

635–636
sustainable development goals (SDGs), 634–635
virtual communities, 636–637

supporting integrated health and nutrition, 639
cross-sectoral approaches, models of, 639–642

Community- and health-based delivery platforms, for
adolescents, 572

Community-based management of acute malnutrition
(CMAM), 631–632, 659

Community-driven quality, 632
Community health workers (CHWs), 629–630

history of, 633–634
Competency-based training and education, 78
Complementary feeding, 173, 206, 362
Conditional cash transfer (CCT) programs, 572–573
Condorcet, Marquis de, 4
Confidentiality, ethics in public health research, 799–800
Contagion, origins of concept, 8–9
Contagionist theory, 8
Convention on the Rights of Persons with Disabilities

(CRPD), 548
Convention on the Rights of the Child (CRC), 547
Convergence model, 387
Copper deficiency, 278

Index 811



signs and symptoms, 103
Copy number variants (CNVs), 532
Corporate social responsibility (CSR), 772
Cost–benefit analysis, 35–36
Cost-effectiveness, 34, 36, 606
Cost-effectiveness analysis, nutrition interventions,

41–43
Council for International Organisations of Medical

Sciences (CIOMS), 794
Counterfactual, 612
Cow’s milk, 341–342

and linear growth, 344–345
malnutrition, 348–349
pregnant and lactating women, 348
SAM and MAM

in prevention and treatment of, 345–347
use of cow’s milk ingredients in foods for, 351

school milk programs for prevention of
undernutrition, 348

Cretinism, 290
Cross-sectoral approaches, models of, 639–642
Curriculum and credentials for development needs,

78–79
CYP27B1 mRNA, 300
Cytochromes, function, 236

D
Dairy ingredients, recommended use of, 351

cost-effectiveness of milk content, 352–353
Dairy products, 312
D’Alembert, Jean le Rond, 4
Declaration of Helsinki, 794, 800, 804
7-Dehydrocholesterol, 299
Delamanid, 404
Demographic dividend, 560
Demographic Health Surveys (DHS) surveys, 145
Demographic transition, 585
Development Impact Bonds (DIBs), 780–781
Developmental disabilities (DDs), 523

attention deficit/hyperactivity disorder (ADHD), 542
feeding/nutritional problems, 542–543
growth deviants, 543

autism spectrum disorders (ASDs), 543
feeding/nutritional problems, 543–544
growth deviants, 544

cerebral palsy (CP), 544
feeding/nutritional problems, 545
growth deviants or nutritional deficits, 545–546

definition, 524–526
Down syndrome (DS) or trisomy 21, 546

growth deviants, 546
epidemiology

cultural perceptions, 530–531
discrepancies, 530
etiology, 531
in low-income and middle-income countries,

526–530
etiology, 531

environmental exposures, 532
from epigenetics/epigenomics, 534–535
gene-environment interactions (GxE), evidence

for, 533
genetics and genomics, 531–532
potential to prevent developmental disabilities,

535–536
nutritional implications for, 536

folic acid, 540–541
iodine, 541
iron, 540
macronutrients, undernutrition in terms of,

536–537
micronutrients, undernutrition with respect to,

538–539
vitamin A deficiency, 541–542

outcomes, 548
education, inclusion, or exclusion, 550–552
employment, 552–553
morbidities and mortalities, 548–550

sociopolitical, policies, and conventions adopted by
countries’ regulations, 547–548

spina bifida, 546
growth deviants, 547

Deworming and enhanced vitamin A (DEVTA), 195
DIAAS (digestible indispensable amino acid score), 342
Diarrhea, 23t

prevention and treatment, 629
relative risk of suboptimum breastfeeding, 339
zinc deficiency and, 268

Diderot, Denis, 4
Dietary diversification, 212–213, 279–280, 568
Dietary intake, measuring, 95–96

biomarkers and, 107
long-term trends, 18–19

Dietary reference intakes (DRI), 160, 189
adequate intake level (AI), 161
estimated average requirement (EAR), 160–161
groups and circumstances with higher nutrient needs,

162–163
recommended dietary allowance (RDA), 160
recommended nutrient intake (RNI), 160
upper intake level (UL), 161–162

Digestible Indispensable Amino Acid Score (DIAAS),
165

1,25-Dihydroxyvitamin D (1,25-(OH)2D), 300
Direct nutrition interventions, 490–495

preterm birth (PTB), 491, 493
small for gestational age and birth size, 493–494
still birth and perinatal mortality, 495

Directly Observed Therapy Short-Course (DOTS),
401–402

Disability-adjusted life years (DALYs), 35, 41–42
Divalent metal transporter (DMT1), 238
Docosahexaenoic acid (DHA), 322, 325, 326–327

in breast milk, 339
supplementation during pregnancy, 328

Down syndrome (DS), 546

812 Index



growth deviants, 546
Dried skimmed milk (DSM), 349, 351, 353
Drug-resistant virus, 425
Dual-energy X-ray absorptiometry (DEXA) scan, 96

E
Ebola virus disease (EVD), 628
Economics

malnutrition
cognitive impairment, 34
productivity losses, 36

nutrition interventions
benefit:cost ratios, 34, 41
cost-effectiveness analysis, 41–43
overview of costs, 37
recommendations, 42

Education and training, innovative approaches to, 80–81
Effectiveness trials, 50, 608
Efficacy trials, 50
Eicosapentanoic (EPA) acid, 322
Eijkman, Christian, 12, 14
Elders in low–middle-income countries, 579

biology of aging, 581
burden of chronic diseases in aging, 585

non-transmissible disease epidemiology in
low-income country, 585

relationship of chronic disease to diet and
nutrition, 585–586

deficiency and undernutrition states in low-income
country elderly, 592–594

demography of aging of populations, 583–584
dietary intakes assessment in older subjects, 590–591
evolutionary paradoxes, 580–581
excess and overnutrition states, 594–595
good nutritional status, addressing, 595
nutrient intake recommendations

for older men, 588
for older women, 589

nutritional requirements, nutrient intake
recommendations and guidelines for healthful
eating, 586–590

patterns of dietary consumption in later life, 591–592
senescence of tissue and organ function with aging,

581
function of alimentary and digestive tract in aging,

582–583
successful aging

normative aging, 583
frail aging, 583

ELISA techniques, 241
Ellison, Joseph, 16
ENACT course, 80
Encyclopédie, 4
Energy and protein, 120, 488

pregnancy, 474
Energy availability, 472
Energy density, 166–167

increasing, 167–168

eNutrition Academy, 80
Enzymes, sources of, 165
Epidemiological transition, 585, 586
Epilepsy, 529
Essential fatty acids, 165, 321

effect of n-6 and n-3 fatty acids in pregnancy,
lactation, and infancy, 325–326

immunomodulation, 323
long-chain polyunsaturated fatty acids in human milk,

326–328
metabolism, 322–323
n-3 and n-6 PUFA dietary intakes and disease,

associations between, 324
asthma, 324
noncommunicable diseases, 324

polyunsaturated fatty acids, 323
n-3 and n-6 PUFA, 324, 325–326

requirements, 329
and specific needs in developing countries, 329–330

Essential nutrients, 51, 55
and active compounds, 165

Estimated Average Requirement (EAR), 96, 160–161,
176, 265, 586

Estimated Energy Requirement (EER), 587
Ethambutol, 404
Ethics, in public health research

basic ethical principles
beneficence, 795
justice, 794, 796
respect for persons, 795, 796–797

confidentiality, 799–800
informed consent, 796–798
responsibilities after completion of research, 802–804
review of research proposals, 804, 805–806
standards of care, 800–802

Evaluation research, using results from, 622
Evidence-based medicine (EBM), 48–51, 53–54

drawbacks, 53
Evidence for nutrition-specific interventions and

programs, 53–60
assessing impact of programs for improving nutrition,

59
choosing a control group for, 54–55
evidence-based medicine paradigm, 53–54
magnitude of nutrient intervention, 56
outcome focused interventions, collecting and

interpreting ‘right’ evidence, 56
stunting, 59–60

Exercise. See Female athlete triad
Extensively drug-resistant TB (XDR-TB), 386
External validity of RCTs, 50, 57
Extrapulmonary TB (EPTB), 392, 397, 400, 403

F
F-75, 346–347
F(-)100 (therapeutic milk), 163, 164, 346–347
Factors affecting impact on nutrition

characteristics/effects of crisis, 655

Index 813



displacement, 655
service quality and access, 655–656
women, crises and nutrition, 656

pre-crisis nutrition situation, 653–655
FAO/WHO Codex Alimentarius Commission, 174
Farr, William, 6
Fat, in milk, 343–344
Female athlete triad, 472
Ferritin, 237, 241, 256
Fetal growth restriction (FGR), 131–132, 503
First pregnancy, postponing age at marriage and,

570–571
Fisher, Ronald A., 6
Fluoride deficiency signs and symptoms, 103
Folic acid, 540–541

costs of interventions, 37
deficiency, 35
improving, in adolescents, 568–569
supplementation, 568

Food access, 719
cash and food purchases, importance of, 719

food price shocks, 720
formal and informal safety nets, 722–723
urban employment, 720

maternal employment and childcare, 721–722
Food and Agriculture Organization (FAO), historical

perspective, 22
Food and available energy, 94–95
Food availability, 715

foreign direct investment and globalization, 717
street foods, 717–718
traditional and modern supply chains, 715–717
urban agriculture, 718–719

Food balance sheets, 94
Food-based dietary guidelines (FBDG), 164, 166
Food fortification, 255–256, 312, 477, 758, 776

biofortification, 171, 217
with iron and folic acid, 568
with vitamin A, 193, 215, 313
with vitamin D, 299, 312, 313
with zinc, 278–279

Food insecurity, 92
HIV and, 453
and tuberculosis, 439–440
and undernutrition, 428

Food policy analysis, 745
Food production, history of growth, 18
Food safety, 726–727
Food security, 707

in HIV, 453
Food systems, nutrition transition and urban diets, 712

changing demand for food, 714
changing role of women, 713
physical activity, 714–715
urban diets, 714
urban structure, technology and society, 713

Food value chain, 755
actors across, 755–756

nutrition-focused, 764
private sector, role of, 756–757
types of, 757–758

Food waste and cold chains, 697–698
Ford Foundation, 772
Foreign direct investment (FDI), 740, 747

and globalization, 717
Forensic medicine, 21
Fortification, 171

biofortification, 171
considerations for, 172–173
home-fortification/point-of-use fortification, 172
industrial fortification of foods for general population,

171–172
iron, 255–256
setting nutrient level for, 174
standards, specifications and quality control for,

174–175
vitamin A, 215, 216

Fortification Rapid Assessment Tool (FRAT), 215
Fortified blended food (FBF), 163
Frail aging, 583
Frank, Johann Peter, 5
Free erythrocyte protoporphyrin (FEP), 241

G
Gene-environment interactions (GxE), evidence for, 533

from epigenetics/epigenomics, 534–535
Genovesi, Antonio, 7
Geographical communities, defined, 626
Gestational diabetes (GD), 508
GlaxoSmithKline (GSK), 780
Glisson, Francis, 299
Global acute malnutrition (GAM) prevalence thresholds,

656
Global Alliance for Improved Nutrition (GAIN), 774
Global Alliance for Vaccines and Immunization (GAVI),

780, 783
Global Food Security Index, 94
Global Fund for AIDS, Tuberculosis (TB) and Malaria

(GFATM), 415, 416–417
Global health workforce and capacity to deliver nutrition

services, 70–72
Global Hunger Index, 97
Global Vaccines Action Plan, 785
Glutathione (GSH), 349
Goat’s milk, 339, 342
Godwin, William, 4
Goiter

iodine deficiency, 289, 290, 294
rate in iodine assessment, 291

Goldberger, Joseph, 15
Gonadotropin-releasing hormone (GnRH), 471
Graduate education, historical perspective, 21
Grameen Bank, 638
Graunt, John, 6
Grijns, Gerrit, 12
Growth retardation, 510, 516

814 Index



health and social consequences, 134–135
interventions, 135–136
measures and indicators

fetal growth, 121–123
high weight-for-height, 125
international reference population, 125, 126
interpretation, 124–125, 130–131
low height-for-age, 124–125
low weight-for-height, 125
overweight, 125

mental development effects, 120
prevalence in developing countries

geographic distribution, 131–134
intrauterine growth restriction, 123
stunting, 124–125
underweight, 125, 134

socioeconomic status correlation, 120
vitamin A deficiency, 209–210

Guérin, Camille, 405
Gynecologic morbidity, 479

H
Halley, Edmund, 6
Harrison’s sulcus, 307
HarvestPlus, 764, 766
Hazard Analysis and Critical Control Points (HACCP),

62
Health Organization of the League of Nations, 22
Health system, defined, 417
Healthy growth and development, promoting, 135–136
Height-for-age z-scores (HAZ), 99
Helen Keller International (HKI), 81, 609, 610, 616
Helicobacter pylori infection, 583
HemoCue system, 243
Hemoglobin, 105, 508, 538

function, 236
iron deficiency testing, 243, 244

Hemosiderin, 237
Henle, Jacob, 10
Hepatitis B virus (HBV) and HIV infection, 427–428
Hepatitis C virus (HCV) and HIV infection, 428
Hepcidin, 239, 240, 257
Hidden Hunger Index (HHI), 776
High birth weight (HBW) infants, 98
High-density lipoprotein (HDL), 458
High energy biscuits (HEB), 164
High energy foods with low or high nutrient density, 168
Highly active antiretroviral therapy, 415
HIV, 413, 628

access to care and treatment, 416–417
health systems strengthening, 417

anti-HIV antibodies, 419
biology of, 418
and breastfeeding, 341
clinical history of, 418

acquired immune deficiency syndrome (AIDS),
419–420

acute HIV infection, 418–419

clinical latency/chronic asymptomatic HIV
infection, 419

early HIV infection, 418–419
early symptomatic infection, 419

continuum of care, 421
antiretroviral therapy (ART), 423–424
comprehensive HIV care, 421–422
HIV counseling and testing, 422–423
linking to care, 423
viral suppression, CD4 count monitoring and

resistance testing, 424–425
enteropathy, 452
global epidemiology of, 420
history, 414–415
HIV-1, 417
HIV-2, 417
HIV wasting, 451
malnutrition and, 348–349
nutrition and, 667–668, 674–675
overlapping epidemics, 427

anemia, 428
food insecurity and undernutrition, 428
hepatitis B virus (HBV), 427–428
hepatitis C virus (HCV), 428
schistosomiasis, 429
TB/HIV coinfection, 427

prevention, 425, 426–427, 631
treatment as, 425

testing, 672–673
transmission, 418, 672
tuberculosis risks, 388
women and children, 429–430

HIV/AIDS movement, 669–672
HIV and HIV/TB co-infection, 449

background, 449–450
cachexia in, 454
food security in, 453
impact of fully suppressed HIV viral load on

nutrition/metabolism, 458
macronutrients

deficiencies in, 461
interventions in, 455–456, 462

and malnutrition, 460–463
micronutrients

deficiencies in, 454, 461–462
interventions in, 456–457, 462–463

mortality and weight loss and, 451
nutrition

and ART in, 457
nutrition programs and, 457–458

nutritional assessment in, 455
nutritional status in, 461
outcomes in, 461
protein energy malnutrition in, 453–454
resting energy expenditure/metabolic abnormalities

in, 454
vulnerable populations, 458

children, 458–460

Index 815



during pregnancy, 460
weight loss in, 451–452

Home-fortification, 172, 568
Home-fortification technical advisory group (HF-TAG),

169
Home-processing methods, 167
Homestead food production (HFP) program, 609, 610,

616
Hopkins, Frederick Gowland, 13, 14
Household- or institutional-level fortification, 568
Household food insecurity access scale (HHFIAS), 95
Household penetration of adequately iodized salt (HHIS),

291
Human milk, 337. See also Breastfeeding

benefits
for child, 339–340
for mother, 340

breastfeeding promotion and support, 340–341
composition, 338–339, 341

fat, 343–344
lactose, 342–343
minerals, 343
protein, 342

HIV and, 341
lactose, 350–351
recommended use of dairy ingredients, 351

cost-effectiveness of milk content, 352–353
specific effects of whey in undernutrition, 349–350

Humanitarian crises, 647
consequences and effects of crises, 650

access to services, 651
displacement, 651
food insecurity and market access, 651

definition of, 648–650
factors affecting impact on nutrition.See Factors

affecting impact on nutrition
nutrition response to, 656

food assistance and nutrition, 661
prevention and treatment, 659–661
thresholds for, 656–659

preparedness, 651–652
types of crises/shocks, 650
who and how, 653

Hydrocarbon carotenoids, 182
Hydrogen peroxidases, 236
25-Hydroxyvitamin D3 (25(OH)D3), 299
Hygiene, 3, 20, 21
Hypertensive disorders, 508
Hyperthyroidism, 290–291
Hypocalcaemia, 307
Hypothyroidism, 290
Hypotonia, 307

I
Immune function and morbidity, importance of zinc for,

274
Impact evaluation, 61–63
Implementation science, 34
Inadequate nutrient intake, correcting, 170

fortification, 171–175

increasing contribution from nutrient-rich,
unprocessed, foods, 170–171

supplementation, 175
Individual capacity development, 77
Industrial fortification of foods, 171–172
Infant feeding after 12 months, 365
Infant mortality history of social reform, 11
Infectious diseases, 3, 10, 20

morbidity, 207
Informal education, 79
Informed consent, ethics in public health research,

796–798
Institut Pasteur, 21
Institutional capacity, developing, 81–82
Insulin-like growth factor 1 (IGF-1), 345
Integrated Child Development Services (ICDS), 569
Integrated Food Security Phase Classification (IPC), 656
Intelligence and cognition in children born SGA,

514–515
Interferon-gamma (IFN-c), 403
Interferon-gamma release assays (IGRAs), 402–403
INTERGROWTH-21st Project, 123, 505
International Baby Food Action Network (IBFAN), 367
International Classification of Functioning Disability and

Health (ICF), 525
International Classification of Functioning Disability and

Health for Children and Youth (ICF-CY), 526
International Food Policy Research Institute (IFPRI), 609
International Network of Food Data Systems

(INFOODS), 591
International trade and local production, 699–700
International Vitamin A Consultative Group (IVACG),

168
Interphotoreceptor retinoid binding protein (IRBP), 184
Intervening to improve nutrition, 52
Intrauterine growth restriction/retardation (IUGR), 98,

123, 503, 509, 538
epidemiology, 123
measures, 123

Iodine, 165, 538
absorption and transport, 288
costs of interventions, 37
deficiency, 35. See also Iodine deficiency
deficiency signs and symptoms, 103
excess, 294
food sources, 288
functions. See Iodine functions and brain

development
intake requirements, 291–293
iodized oil

injection, 294
oral, 289, 290, 294

iodized salt, 288, 291, 292, 293
potassium iodide administration, 294
pregnancy and, 478
prophylaxis and treatment, 293–294
requirements and prevalence, 291–293
thyroid hormones, 287

Iodine deficiency
assessment, 35

816 Index



goiter rate, 291
thyroid-stimulating hormone level, 291
urine concentrations, 288

and clinical manifestations
cretinism, 290
goiter, 289, 290, 294

effects
in adults, 290–291
in childhood, 290
on pregnancy and infancy, 289–290

history of study, 287, 288
pathophysiology

goitrogens, 288
intake, 289

public health significance, 292
Iodine deficiency disorder (IDD), 287, 289, 541
Iodine functions and brain development, 288, 292–293

growth and development, 287, 289
metabolism, 288

Iron
absorption, 238–239
biological functions, 235–240
costs of interventions, 37
deficiency. See Iron deficiency
deficiency signs and symptoms, 103
functional, 237
functions

cytochromes, 236
enzymes, 236
hemoglobin, 236
myoglobin, 236

homeostasis, regulation of, 239–240
metabolism and regulation of, 236–240
overload, 256–257
pregnancy and, 476–477
storage, 237–238
supplementation, 568
transport, 237
turnover and loss, 238

Iron and folic acid (IFA), 491, 493, 494, 495, 497,
568–569

Iron deficiency, 35, 540
clinical examination, 243
control

fortification, 255–256
helminth infection, 251–252
nutrition education and promotion, 255
supplementation, 252–255

definition, 235, 241
delayed cord clamping, 256
diagnosis of anemia, 243
functional consequences

birth outcomes, 249–250
child behavior and development, 250
heavy metal absorption, 251
infection, 251–252
mortality, 249–250
work performance and productivity, 250–251

hemoglobin field testing, 243
overview of tests, 241
pathogenesis

intake, 244, 247–248
iron loss, 238
iron requirement increase, 237, 247

prevalence, 244, 245–246
prospects for study, 258
risk factors, 244, 247

Iron deficiency anemia, 242
assessment, 241–244
definition, 241
functional consequences

child behavior and development, 250
heavy metal absorption, 251
infection, 251–252
work performance and productivity, 250–251

intervention strategies for prevention and treatment
of, 252

maternal mortality, 249
prevalence, 244, 245–246, 248–249

Iron regulator proteins (IRPs), 239–240
Isoniazid preventive therapy (IPT), 401, 404

J
Joint United Nations Programme on AIDS (UNAIDS),

415, 667
Joints, 101, 297, 582

fixed contractures of, 545
swollen joints, 325
and PTB, 392

Justice, ethical principles, 794, 796

K
Kaiser–Permanente (K-P) diet, 543
Kangaroo method, 366–367
Kaposi sarcoma, 414
Keratomalacia, 209
Kheth’Impilo, 642
Kilimo Salama program, 779
Koch, Robert, 10, 387
Kwashiorkor, 15, 102

L
Lactase, 350–351
Lactating women, 348
Lactose, 342–343, 350–351
Lancet estimates, 40
Lancet Series on Maternal and Child Nutrition, 603
Large for gestational age (LGA) infant, 98
Last menstrual period (LMP), 504–505
Latent TB infection (LTBI), 391, 397, 398
Latent tuberculosis infection (LTBI), 438
Life years saved (LYS), 35
Linear growth

assessment, 132
cow’s milk and, 344–345
growth stimulating factors in milk, 165

Index 817



Linoleic acid (LA), 322
Lipid-based nutrient supplements (LNS), 167, 491
Lister Institute, 21
Liver X receptor (LXR), 323
Long-chain polyunsaturated fatty acids in human milk,

326–328
Low birth weight (LBW), 98

epidemiology, 123
iron deficiency, 237
and small-for-gestational age, 108–109

Low birth weight (LBW) rate, 122
Low dietary calcium intakes, 302–304
Low-income and middle income countries (LMICs), 146

elders in. See Elders in low–middle-income countries
obesity trends in, 147–151, 153–154
prevalence of

developmental disabilities in, 526–530
obesity in, 146–147

Lunin, Nicholai Ivanovich, 13, 14

M
Macronutrients

deficiencies, and HIV and HIV/TB co-infection, 461
interventions

in HIV and HIV/TB co-infection, 455–456, 462
and TB, 441–442

and risk of tuberculosis, 440
Madsen’s Institute for Tribal and Rural Advancement

(MITRA), 777
Magendie, François, 10
Magnesium

deficiency signs and symptoms, 103
pregnancy and, 478

Mainstreaming Nutrition Initiative, 73
Malaria control, 629, 631
Malnutrition, 91, 125, 127, 131, 136, 348–349, 450

burden of, 67–68
causes of, 57
community, household and individual measures, 92
deficiency signs and symptoms, 103
double-burden of, 92
economics, productivity losses, 36
global measures, 107

low birth weight and small-for-gestational age,
108–109

micronutrient deficiencies, 110
overweight/obesity, 110
spectrum of malnutrition across regions, 111
undernourishment, 108
undernutrition, 109

HIV and HIV/TB co-infection and, 460–463
and outcomes of tuberculosis, 439
prevention and treatment, 629
and risk of tuberculosis, 439
specific indicators of nutritional status, 94

anthropometric measurements, 96–101
biomarkers, 105–107
clinical signs of malnutrition, 101–104
diet, 95–96
food and available energy, 94–95

functional outcomes, 107
treatment of, 631–632

Malthus, Thomas Robert, 5
Manicus, August Henrick, 8–9
Mantoux tuberculin skin test, 402
Marriage, postponing age at, 570–571
Marten, Benjamin, 387
Maternal, newborn and child health (MNCH) outcomes,

487
Maternal death, 474
Maternal employment and childcare, 721–722
Maternal health, 506, 508

breastfeeding and, 364–365
Maternal morbidity, 474
Maternal mortality, 249, 473, 475, 476, 477–478
Maternal newborn and child health, 679
Maternal nutrition

assessment of, 488–490
and birth outcomes, 487
before conception, 495–496
evidence from programs, 497–498
nutrition interventions during pregnancy. See

Maternal nutrition interventions during pregnancy
role of intergenerational effects, 497

Maternal nutrition interventions during pregnancy, 490
direct nutrition interventions, 490–495

preterm birth (PTB), 491, 493
small for gestational age and birth size, 493–494
still birth and perinatal mortality, 495

nutrition-related factors during pregnancy, 495
Maternal–infant bonding, 364
Maternity waiting homes (MWHs), 630
Matrix framework application to food and nutrition

assistance, 675
key populations, focus on, 678
maternal newborn and child health, focus on, 679
role of food security and nutrition for adherence,

676–677
social protection, focus on, 677–678

McKeown, Thomas, 20
McNamara, Robert, 22
Mean dietary energy requirements (MDER), 94
Measles

case fatality rates over time, 22
history of study, 8–9

Medecins Sans Frontieres (MSF), 785
Medical Police, 5, 21
Mediterranean diet, 482
Mellanby, Edward, 16, 17
Men who had sex with men (MSM), 414, 667
Menstrual cycle, 471

anorexia nervosa, 472
female athlete triad, 472
overnutrition and obesity, 473

Metabolomics, 107
5,10-Methylenetetrahydrofolate reductase (MTHFR)

gene, 533
Metropolis Water Act of 1852, 9
mHealth (mobile-health) revolution, 81
Miasma, history of concept, 8–9

818 Index



Microbiology, historical perspective, 10
Microcytic anemia, 251
Micronutrient deficiencies, 92, 110, 539

and anemia in adolescents in low- and middle-income
countries, 567

in HIV, 454
in HIV and HIV/TB co-infection, 461–462

Micronutrient interventions
in HIV and HIV/TB co-infection, 456–457, 462–463
in TB, 442–443

Micronutrient powders (MNPs), 47, 254, 779
Micronutrients, 34, 35, 36, 254–255

and risk of tuberculosis, 440
Mid-upper arm circumference (MUAC), 99–101, 125,

352, 353, 656
Midday meal program, 173
Milk protein, 342, 347
Minerals, 165

in milk, 343
Moderate acute malnutrition (MAM), 162, 353

cow’s milk in prevention and treatment of, 345–347
Modern-to-traditional value chains, 758
Morbidity

gynecologic, 479
maternal, 474
obstetric, 473–474
reproductive, 473
small for gestational age and, 512

long term, 512–513
short term, 512

Mortality, 3
child, 506, 548, 714
HIV, 451
maternal, 249, 473, 475, 476, 477–478
perinatal, 495
from severe malnutrition, 458
small for gestational age and, 510
trends in developed countries, 20–21, 23

Mother-to-child transmission (MTCT) of HIV, 371
Multicentre Growth Reference Study (MGRS), 26, 126
Multi-country nutrition initiatives, 72–73
Multidrug-resistant tuberculosis (MDR-TB), 386,

404–405
Multiple micronutrient powder (MNP), 607
Multiple micronutrients (MMN), 478, 491, 494, 499
Multiple (stunting), 35

costs of interventions, 37
Murat, Joachim, 7
Muscle accretion, 353

whey protein and, 350
Mycobacterium africanum, 396
Mycobacterium canettii, 396
Mycobacterium caprae, 396
Mycobacterium microti (voles), 396
Mycobacterium orygis, 396
Mycobacterium pinnipedii (seals), 396
Mycobacterium tuberculosis (MTB), 387, 437, 442

transmission of, 392–394

Mycobacterium tuberculosis complex (MTBC), 396
Myoglobin, function, 236
Myopathy, 307

N
N-3 and N-6 fatty acids, 321–323

effect in pregnancy, lactation, and infancy, 325–326
N-3 and N-6 PUFA dietary intakes and disease,

associations between, 324
asthma, 324
noncommunicable diseases, 324

Naandi Foundation, 774
NADH dehydrogenase, 236
National Bioethics Advisory Commission (NBAC), 794,

798, 804
National Institutes of Health (NIH), historical

perspective, 21, 22
National Weekly Iron and Folic Acid Supplementation

Programme, 569
Neonatal care, 629
Nestlé Foundation, 777
Neural tube defect (NTD), 495, 540, 568
Neurobehavioral development, importance of zinc for,

275
Newman, George, 11, 19
Night blindness, 208
Non-Agricultural Rural Employment (NARE), 693
Non-communicable diseases (NCDs), 68, 75, 324, 471,

585, 632, 675
Non-transmissible disease epidemiology in low-income

country, 585
Normative aging, 583
Nuremberg code, ethics, 793
Nutrient deficiencies, determining, 168–170
Nutrient density, 167

increasing, 167–168
Nutrient needs, 159

ascertaining impact of measures to correct dietary
deficiencies, 175–176

determining (risk of) nutrient deficiencies, at
population level, 168–170

dietary reference intakes (DRI), 160
adequate intake (AI) level, 161
estimated average requirement (EAR), 160–161
groups and circumstances with higher nutrient

needs, 162–163
recommended dietary allowance (RDA), 160
recommended nutrient intake (RNI), 160
upper intake level (UL), 161–162

energy density, 166–167
increasing, 167–168

high energy foods with low or high nutrient density,
168

inadequate nutrient intake, correcting, 170
fortification, 171–175
increasing contribution from nutrient-rich,

unprocessed, foods, 170–171
supplementation, 175

Index 819



Nutrient needs (cont.)
meeting nutrient requirements from diet, 163

selecting foods that can meet nutrient
requirements, 164–166

single foods that meet all nutrient intake
recommendations, 164

nutrient density, 167
increasing, 167–168

Nutrition Assessment and Counseling (NAC), 677
Nutrition evidence in context, 47

evidence-based medicine (EBM), 48–51, 53–54
evidence for nutrition-specific interventions and

programs, 53–60
impact evaluation, 61–63
trends and context, importance of, 60–61

Nutrition programs and HIV, 457–458
Nutrition-related factors during

pregnancy, 495
Nutrition science, 51–52
Nutrition surveillance, 59
Nutrition transition, 144
Nutrition value chain actors, 762
Nutritional assessment in HIV, 455
Nutritional deficiencies, 15
Nutritional effect of zinc fortification, 278
Nutritional immunology, 15–16
Nutritional problems in utero and during early life, 471
Nutritional science, historical perspective, 10–11
“Nutritious Agriculture by Design” tool, 763

O
Obesity, 106

in children and women, 710–712
overnutrition and, 473
overweight and. See Overweight and obesity
pubertal onset, 471

Obstetric morbidity, 473–474
OneHealth, 39
Open innovation, 780
Opportunistic infections (OI), 449, 675
Oral rehydration solution (ORS), 361
Orr, John Boyd, 19
Osteomalacia, rickets, 298
Ovarian cancer, 480–481

micronutrients, 481
obesity, 480–481

Overnutrition, 91, 92
diagnosing, 594–595
and obesity, 473, 479

Overweight and obesity, 92, 110, 124, 143
in children and women, 710–712
comparative approach, 145–146
epidemiologic transition, 143
implications for public health, 150

genetic component, 154
interactions of obesity and activity, 152–154
physical activity, 152

lower and middle income countries (LMICs), 146

obesity trends in, 147–151, 153–154
prevalence in, 146–147

measures, 144–145
research and policy implications, 155
survey design and sample, 145

Ovulation and menstruation. See Menstrual cycle
Oxytocin, external administration of, 364

P
Panum, Peter Ludwig, 8–9
Pasteur Institute, historical perspective, 21
Pasteur, Louis, 10
PDCAAS method (protein digestibility corrected amino

acid score), 342
Pediatric TB, 400–401
Peer-reviewed research studies, 49
Pellagra, 15
PEPFAR (President’s Emergency Plan for AIDS Relief),

415, 416–417
Peptide YY, 440
Performance-based incentives, 81
Perinatal mortality, still birth and, 495
Peroxisome proliferators-activated receptor (PPAR), 323
Pervasive developmental disorders (PDDs), 529
Pharmaceutical companies, 780
Physical activity, 454, 714–715

overweight and obesity, 152
Phytate:zinc molar ratio, 267
Plasma and serum zinc concentration, 268–269
Plausibility, 608
Pneumocystis carinii pneumonia (PCP), 414
Point-of-use fortification, 172, 568
Polyunsaturated fatty acids (PUFA), 323, 327, 491

in milk, 343
Population growth, mortality decline, 20
Porter, Michael, 754, 756

value chain, 754
Potassium iodate, 293
Poverty, 706–707

and development dimension, 743–744
integrating food and health dimension with, 744–747

Poverty and hunger index, 94
Pre-ART care, 673
Preconception, 496
Preeclampsia, 474, 508
Pregnancy, 473

adolescent growth and nutritional status in relation to,
565–567

calcium, 476
energy and protein, 474
and HIV, 460
iodine, 478
iron and vitamin B, 476–477
magnesium, 478
multiple micronutrients, 478
nutrition interventions during. See Pregnancy,

nutrition interventions during
optimizing interval between pregnancies, 571

820 Index



overnutrition and obesity, 479
postponing age at marriage and first pregnancy,

570–571
and TB, 444
vitamin A, 475
vitamin D, 475–476
vitamins C and E, 475
weight gain during, 99
zinc, 274–275, 477–478

Pregnancy, nutrition interventions during, 490
direct nutrition interventions, 490–495

preterm birth (PTB), 491, 493
small for gestational age and birth size, 493–494
still birth and perinatal mortality, 495

nutrition-related factors during pregnancy, 495
Pregnant adolescents, nutrition of, 570
Pregnant and lactating women, 348
Prelacteal feeding practices, 366
Premenstrual syndrome (PMS), 473
Premenstrual tension (PMT). See Premenstrual syndrome

(PMS)
Preterm birth (PTB), 491, 493
Preterm milk, 363
Prevention of mother-to-child transmission of HIV

(PMTCT) programs, 429, 459, 666
Preventive health and nutrition programs, 59
Preventive medicine, historical perspective, 6, 7
Private sector, 771

driving innovation and novel approaches, 778–782
proliferation of public private partnerships, 782–785
provision of goods and financial and in-kind

resources, 773–775
public health advocacy, 775–778
standards for private sector involvement, 785–786

Probability, 6
Program effectiveness trials, 608
Program managers, 77, 78
Program theory framework and program impact

pathways analysis, 608
designing, 609
using, 610

Programs, nutrition-sensitive, 603
comprehensive evaluation framework, 610

challenge of finding valid counterfactual, 612
choosing indicators, 615
ensuring appropriate sample size, 615
importance of time, duration, and timing, 614–615
selecting evaluation design, 612–613

cost of program, 619
differences in priorities, expectations, and

incentives, 620
differences in time constraints and time frames,

620–621
evaluation and program implementation toward

common goal, 619
independence of evaluators, 621–622

defined, 603
designing process evaluation, 616
drawing sample, 618
evaluation research, using results from, 622
key challenges in evaluating, 604

assessing benefits beyond targeted beneficiaries,
606–607

complexity, 605
differing points among program implementers and

evaluators, 606
efficacy trials, 607–608
long impact pathways and time frames, 605
program effectiveness trials, 608
trade-offs between implementation constraints and

evaluation rigor, 605–606
probability, 608, 613
program theory framework and program impact

pathways, 608
designing, 609
using, 610

selecting data collection methods and tools, 617–618
sharing and feeding results to program implementers,

618–619
summarizing results from process evaluation, 618
timing and time frames, importance of, 616–617
understanding pathways to impact, 615–616

Progressive Era regulations, 22
Propensity score matching (PSM), 613
Prostate cancer, 325, 481–482
Protein, 165

in breast milk, 342
Protein Digestibility Corrected Amino Acid Score

(PDCAAS), 165
Protein energy malnutrition (PEM), 102

in HIV, 453–454
risk for TB, 440

Protein malnutrition, 15
Proteomics, 106
Provider-initiated counseling and testing (PICT), 422
Pubertal onset, 470

nutritional problems in utero and during early life,
471

obesity, 471
vitamin D deficiency, 471

Puberty, defined, 564
Public health, historical perspective, 257

graduate education, 21
idea of progress, 4–5
international organizations, 21–23
statistics, 6–7, 8

Public health advocacy, 775–778
Public–private partnerships (PPPs), 773

proliferation of, 782–785
Pulmonary TB (PTB), 392, 396, 398–404
Purified protein derivative (PPD), 402
Pyrazinamide, 404

Index 821



Q
Quaker Service Team, 100
Quality-adjusted life years (QALYs) saved, 35
Quetelet, Adolphe, 6

R
Ready-to-use foods (RUF), 659
Ready-to-use supplementary foods (RUSF), 278, 352
Ready-to-use therapeutic food (RUTF), 163, 168, 278,

346–347, 352, 631
Recommended Dietary Allowance (RDA), 160, 586
Recommended Nutrient Intake (RNI), 56, 160, 174, 188,

586
RNI/RDA, 160

Reproductive and maternal health, 631
Reproductive health, 469

menstrual cycle, 471
anorexia nervosa, 472
female athlete triad, 472
overnutrition and obesity, 473

pregnancy, 473
calcium, 476
energy and protein, 474
iodine, 478
iron and vitamin B, 476–477
magnesium, 478
multiple micronutrients, 478
overnutrition and obesity, 479
vitamin A, 475
vitamin D, 475–476
vitamins C and E, 475
zinc, 477–478

premenstrual syndrome (PMS), 473
pubertal onset, 470

nutritional problems in utero and during early life,
471

obesity, 471
vitamin D deficiency, 471

reproductive organ cancers, 479
breast cancer, 479–480
cervical cancer, 480
ovarian cancer, 480–481
prostate cancer, 481–482
uterus cancer, 481

reproductive well-being, 470
sexually transmitted infections (STIs), 479

Reproductive morbidity, 473
Resistin, 440
Resonance Raman spectroscopy (RRS), 107
Respect for persons, ethical principles, 795, 796–797
Respiratory transmission, 392
Resting energy expenditure/metabolic abnormalities in

HIV, 454
Retinoic acid response element (RARE), 185
Retinoids, 182
Retinol activity equivalent (RAE), 186

Retinol-binding protein (RBP), function, 184, 189
Retinol in urine, 207
Rickets

bony deformities associated with, 307, 308
causes, 297, 298
clinical features, 307
definition, 298
diagnosis, 308–309
epidemiology

geographic distribution, 302–304
vitamin D synthesis, 299–304

historical background, 298–299
osteomalacia, 298
pathogenesis, 303
pathophysiology, 307
prevention, 310–312
prospects for study, 312–313
public health importance, 305–307
treatment, 310

Rifampicin, 404
Risk–benefit analyses, 52
Roads and traffic, 698–699
Robert Wood Johnson Foundation, 772
Rockefeller Foundation, 21, 772, 780
Rowe, John, 583

S
SABLA, 570
Safe water and good sanitation, access to, 724–726
Safety nets, formal and informal, 722–723
Sanitary movement, historical perspective, 7–8
Sanitation, water and, 698
Saturated fatty acids (SFAs), 343
Scaling Up Nutrition (SUN) Business Network, 773,

776–777
Scaling Up Nutrition (SUN) Movement, 73, 81, 668, 698,

767
Schistosomiasis, 429
School-based platforms, for adolescents, 571–572
School milk programs for prevention of undernutrition,

348
Sedgwick, William, 10
Selenium deficiency signs and symptoms, 103
Selenium toxicity, 106
Service Availability and Readiness Assessment (SARA),

70
Severe acute malnutrition (SAM), 34, 162, 353

community management of, 41
cow’s milk in prevention and treatment of, 345–347

Sexually transmitted disease (STD), 479
Sexually transmitted infections (STIs), 479
Shattuck, Lemuel, 8
Sheep milk, 339, 341, 342
Shock, Nathan, 581
Sickle cell anemia, 565
Sir Dorabji Tata Trust (SDTT), 777

822 Index



Small for gestational age (SGA), 98, 108, 122–123, 503
assessing, 504–506
and birth size, 493–494
and development, 513

child development, 513–515
long-term performance, 516

epidemiology and determinants, 506
fetal factors, 510
maternal factors. See Small for gestational age

(SGA) maternal factors
placental factors, 509

and morbidity, 512
long term, 512–513
short term, 512

and mortality, 510
symmetric and asymmetric, 510

Small for gestational age (SGA) maternal factors
anemia, 508
gestational diabetes (GD), 508
preeclampsia, 508
toxins, 509
undernutrition, 508–509

Small intestine, absorption of zinc from, 268
Small-quantity LNS (LNS-SQ), 172, 174
Snow, John, 9
Social behavior change communication (SBCC), 59
Social investment bond (SIB), 780
Social medicine, 5
Social protection, 677–678
Social safety nets/social protection programs, for

adolescents, 572–573
Society for Nutrition Education and Behavior (SNEB),

78
Socioeconomic status (SES), 91, 366, 564

as barrier to HIV testing, 673
breastfeeding promotion, 372
indicators of, 390
nutrient interventions, 177
stunting correlation, 120, 124
unprotected transactional sex, 672
vitamin A deficiency, 201, 203

Sodium–iodide symporter (NIS), 288
Southern African urban food security and consumption

trends, 691
Spina bifida, 546

growth deviants, 547
Standard deviation, 6
Standards of care, ethics in public health research,

800–802
State Medicine, 21
Statistics, historical perspective in public health, 6–7, 8
Stein-Leventhal syndrome, 470
Still birth and perinatal mortality, 495
Stockholm Birth Cohort, 516
Street foods, 717–718
Streptomycin, 387

Stunted and plump, 92
Stunting, 33, 56, 59–60, 120, 125, 269–270, 497, 708
Sub-Saharan Africa, HIV in, 420
Suboptimal breastfeeding, 35, 37

costs of interventions, 37
Successful aging, 583
Succinate dehydrogenase, 236
Sudden infant death syndrome (SIDS), 134
Super Cereal Plus, 62
Supermarkets, on nutrition and nutritional knowledge,

737, 757
challenge to food security from modern supply

chains, 742
economic growth and policy issues, 747–749
food and health dimension, 742–743
modern supply chains and marketing sector, 738–740
poverty and development dimension, 743–744

integrating food and health dimension with,
744–747

rise of supermarkets, 740–742
Sustainable Development Goals (SDGs), 69, 84, 107,

634–635, 643, 649, 665, 666, 685, 686–687, 776
applying matrix framework to food and nutrition

assistance, 675
food security and nutrition for adherence, role of,

676–677
key populations, focus on, 678
maternal newborn and child health, focus on, 679
social protection, focus on, 677–678

HIV
and AIDS movement, 669–672
current context for, 667–668

matrix framework, application of, 672
ART initiation and adherence, 674
HIV testing, 672–673
HIV transmission, 672
pre-ART care, 673

nutrition
and ART, 675
current context for, 668
and HIV infection, 674–675

opportunities ahead, 669
Symmetric and asymmetric SGA, 510–511
Syngenta Foundation’s Kilimo Salama program, 779
Systematic review, 49, 53
Systemic capacity, developing, 82
Systemic iron homeostasis, 240

T
Takaki, Kanehiro, 12, 13
Targeted fortification, 568
TB/HIV coinfection, 427, 463

burden countries, 405
macronutrients

deficiencies in, 461
interventions in, 462

Index 823



TB/HIV coinfection (cont.)
and malnutrition, 460–461
micronutrients

deficiencies in, 461–462
interventions in, 462–463

nutritional status in, 461
outcomes in, 461

TBXpert Project, 403
Testing before use/consumption, 52
Thames, contamination of, 9
Thames Water, 9
Therapeutic zinc supplementation, 277
Thrifty phenotype, 512
Thyroid hormones, 287, 288, 289, 290–291
Thyrotropin (TSH), 289
Tolerable Upper Intake Level, 587
Toll-like receptors (TLRs), 305, 323
Total daily energy expenditure (TDEE), 454
Trade-offs between implementation constraints and

evaluation rigor, 605–606
Traditional birth attendants (TBAs), 629
Traditional-to-modern FVCs, 758
Traffic, roads and, 698–699
7-Transdomain chemokine receptor, 418
Transthyretin, function, 184
Trends and context, importance of, 60–61
Tres Cantos Open Lab Foundation, 780
Trisomy 21, 546

growth deviants, 546
Tuberculin skin test (TST), 402–403
Tuberculosis (TB), 385, 631

control strategy, 401–402
convergence model, 387
diagnosis, 402–403
epidemiology, 388

geographic distribution, 388
global drug resistance, 389
global tuberculosis, 388
Mycobacterium tuberculosis, transmission of,

392–394
risk factors, 390, 394–395
risk groups, HIV infection, 388

factors contributing to global tuberculosis burden, 386
global incidence of, 389
global threat, 385–386
historical perspective, 386–388

Bacilli Calmette-Guérin vaccine, 387
cod liver oil therapy, 438
treatment, 387, 438

in HIV-positive individuals, 399
malnutrition and, 348–349
pathogen, 396–397
pathogenesis and clinical manifestations, 397
pediatric TB, 400–401
prevention, through vaccination, 405–406
seasonal dependence of, 396
symptoms and stages of, 399
therapy, 404–405
vulnerable populations, 389

children, 390
diabetes, 392
disparities in other settings, 391
high-risk populations, 391–392
indigenous peoples, 390
race and ethnicity, 389–390
role of migration, 391
urban and rural disparities, 390

Tuberculosis (TB) infection, 437
and cachexia, 440–441
food insecurity and, 439–440
history, 438
macronutrients

interventions and, 441–442
and risk of, 440

malnutrition
and outcomes of, 439
and risk of, 439

micronutrients
interventions in, 442–443
and risk of, 440

treatment, 443
vulnerable populations, 443

children, nutrition and TB, 443–444
pregnancy, nutrition and TB, 444

U
Ultraviolet (UV) light, 393

B radiation, 299
Under-five mortality rate (U5MR), 169
Undernourishment, 92, 108
Undernutrition, 33, 92, 109, 163

and benefit–cost of interventions, 41–43
costs of, 34–38

interventions to reduce, 38–41
maternal, 488
school milk programs for prevention of, 348
small for gestational age and, 508–509
specific effects of whey in, 349–350
SUN estimates, 39

Underweight in children, 708
United Nations AIDS (UNAIDS) Fast Track approach,

666
United Nations Children’s Fund, 81
United Nations International Children’s Emergency Fund

(UNICEF), historical perspective, 22
United Nations Multiple Micronutrient Preparation

(UNIMMAP), 444
United Nations Office for the Coordination of

Humanitarian Affairs (UN-OCHA), 647
United Nations REACH program, 73
United States Public Health Service, 22
United States Special Supplemental Nutrition Program

for Women Infants and Children, 375–376
Universal fortification, 568
Upper intake level (UL), 161–162
Urbanization, food security and nutrition, 635, 637, 705

disparities in child nutrition within urban and rural
areas, 708–709

824 Index



food access, 719
cash and food purchases, importance of, 719
food price shocks, 720
formal and informal safety nets, 722–723
maternal employment and childcare, 721–722
to safe water and good sanitation, 724–726
urban employment, 720

food availability, 715
food retailing and food environment, 715
foreign direct investment and globalization, 717
street foods, 717–718
traditional and modern supply chains, 715–717
urban agriculture, 718–719

food safety, 726–727
food security, 707
food systems, nutrition transition and urban diets, 712

changing demand for food, 714
changing role of women, 713
physical activity, 714–715
urban diets, 714
urban structure, technology and society, 713

global urbanization trends, 705–706
implications for policy, programming and research,

727–729
overweight and obesity in children and women,

710–712
poverty, 706–707
stunting and underweight in children, 708

Urbanization patterns, 685, 688
cities, nutrition analysis of, 688

consumption trends in cities, 690–691
global nutrition status, 688–689
global urban nutrition status, 689–690

infrastructure and its relationship with urban nutrition
status, 697
food waste and cold chains, 697–698
roads and traffic, 698–699
water and sanitation, 698

international trade and local production, 699–700
sustainable development goals, achieving, 686–687
urban development, 691

history, 692
medium-sized cities, 694–695
megacities, 694
primate cities, 692–693
secondary towns, 693–694

urban size, infrastructure and food systems, 696
Urinary iodine concentrations (UICs), 291
Uterus cancer, 481

obesity, 481

V
Vaccines, 405–406, 785, 802

Bacilli Calmette-Guérin vaccine, 387
Value chain, 754–755, 760

contribution of food value chains to nutrition, 760
entry and exit points, 762–763

food value chain
actors across, 755–756
private sector, role of, 756–757
types of, 757–758

global context of food systems and evolution of
nutrition, 759
diet shifts and value chains, 759–760

nutrition-focused food value chains, 764
nutrition value chain actors, 762
primary activities, 764

inbound logistics, 764–765
marketing and sales, 766
operations, 765
outbound logistics, 766

secondary activities, 767
Value Chains Knowledge Clearing House, 763
Value for nutrition, 761–762
Very low birth weight (VLBW) infants, 98
Villermé, Louis René, 7
Virtual communities, 626
Vision, vitamin A role, 184, 185
Vitamin A, 614

absorption and transport, 183–184
in breast milk, 363
costs of interventions, 37
deficiency. See Vitamin A deficiency
deficiency signs and symptoms, 103
food sources, 186–188
functions

gene regulation, 184–185
overview, 182
visual cycle, 184, 185

history of study, 10, 11, 13, 14, 197–200
intake recommendations, 186–188
metabolism, 184
newborn dosing, 195–196
pregnancy and, 475
structure and nomenclature, 182–183
supplementation, historical perspective, 15–18

Vitamin A deficiency, 35, 181, 541–542
anemia, 209–210
breastfeeding studies, 205, 206
child morbidity and mortality impact, 193–195
complementary feeding, 206–207
growth retardation, 209–210
infant morbidity and mortality impact, 195–196
infectious disease morbidity, 207, 209
maternal morbidity and mortality impact, 197

risk for TB, 440
prevalence

geographic distribution, 192
neonates, 191–192
overview, 181–182
preschool children, 190–191
school-aged children, 192
women, 192–193

prevention

Index 825



dietary diversification, 212–213
fortification, 215, 216
overview, 212
supplementation, 213–214

risk factors
age, 202–203
gender, 203
location, 202
periodicity in risk, 203–204
socioeconomic status, 203

xerophthalmia, 208
conjunctival xerosis with Bitot’s spots, 208, 209
corneal xerosis, ulceration, and necrosis, 208–209
night blindness, 208
treatment, 211–212

Vitamin A deficiency disorders (VADD), 188–189, 190
Vitamin B complex

deficiency signs and symptoms, 103–104
pregnancy and, 476–477

Vitamin B1, 363, 444
deficiency signs and symptoms, 103
EAR for, 161
function and maternal deficiency, 539

Vitamin B2, 103, 444
deficiency signs and symptoms, 103
function and maternal deficiency, 539

Vitamin B3, 278, 444, 456
deficiency signs and symptoms, 103

Vitamin B6, 103, 110, 279, 363, 444
deficiency signs and symptoms, 103
function and maternal deficiency, 539

Vitamin B9, 104, 594
deficiency signs and symptoms, 104, 105

Vitamin B12, 444, 476, 595
in breast milk, 363
deficiency signs and symptoms, 104, 105
function and maternal deficiency, 539

Vitamin C
deficiency signs and symptoms, 104, 457
pregnancy and, 475

Vitamin D, 493
in breast milk, 363
deficiency, 592

breast-feeding, 299, 302, 304
genetic predisposition, 312–313
geographic distribution, 302–304
and puberty, 471
risk for TB, 440

deficiency signs and symptoms, 103
non-skeletal actions of, 311
pregnancy and, 475–476
synthesis and metabolism, 299–304

Vitamin D binding protein (DBP), 299
Vitamin E

deficiency, risk for TB, 440
pregnancy and, 475

Vitamin K deficiency signs and symptoms, 103

Vitamins, 165. See also individual vitamins
functions, 539
history of study, 11–14

Vocational training of nutrition workforce, 79
Voluntary counseling and testing (VCT), 422
Von Liebig, Justus, 10
Von Voit, Carl, 10

W
Wald, George, 201
Wallerstein, Immanuel, 693
Wasting, 109, 125, 134

HIV wasting, 451
Water and sanitation, 698
Weight-for-age z-scores (WAZ), 99
Weight-for-height/length z-scores (WHZ), 99
Weight gain during pregnancy, 99
Weight loss, 364

etiology, 451–452
and HIV, 451

Whey protein, 349–350
Whistler, Daniel, 299
Williams, Cicely, 15
W.K. Kellogg Foundation, 772
Workforce requirements in nutrition sector, estimating,

71
demand-based approach, 72
service-target approach, 72
worker-to-population ratio, 72

World Bank, historical perspective, 22
World Breastfeeding Trends Initiative (WBTi), 72, 367
World Food Programme, 81
World Health Assembly (WHA), 368
World Health Organisation (WHO), 22
WPC80, 352

X
Xerophthalmia, 185, 208

conjunctival xerosis with Bitot’s spots, 208, 209
corneal xerosis, ulceration, and necrosis, 208–209
night blindness, 208
treatment, 211–212

Xpert MTB/RIF assays, 402, 403

Y
Yunus, Muhammad, 638

Z
Z-score, growth data interpretation, 127
Zidovudine (AZT), 415
Zinc

costs of interventions, 37
deficiency, 35, 103. See also Zinc deficiency
pregnancy and, 477–478

Zinc deficiency, 265
assessment of, 268

dietary intake, 269

826 Index



plasma and serum concentration, 268–269
stunting, 269–270

causes of, 266
absorption from small intestine, 268
inadequate dietary intake, 267
physiological requirements, conditions increasing,

267
estimates of requirements, 265–266
importance of, 273

for child growth, 274
for immune function and morbidity, 274

for neurobehavioral development, 275
for pregnancy outcome, 274–275

intervention strategies, 275
biofortification, 280
dietary diversification and modification, 279–280
food fortification with, 278–279
preventive supplementation in children, 275–276
preventive supplementation in pregnant women,

276–277
therapeutic supplementation, 277

prevalence of, 270–273

Index 827


	Foreword
	Preface
	References

	Series Editor Preface
	Part I History of Nutrition
	Part II Contextualizing International Nutrition—Considering Benefit-Cost, Evidence-Base and Capacity
	Part III Malnutrition, Nutrients and (Breast)Milk Explained
	Part IV Tuberculosis, HIV and the Role of Nutrition
	Part V Nutrition and Health in Different Phases of the Lifecycle
	Part VI Tackling Health and Nutrition Issues in an Integrated Way in the Era of the Sustainable Developmental Goals
	Part VII Trends in Urbanization and Development, Impacts on Food Value Chains and Consumers, and Private Sector Roles
	Part VIII Ethics—Critical to Making Progress in Public Health
	Conclusions

	About the Series Editors
	About the Editors
	Contents
	Contributors
	History of Nutrition
	1 Nutrition and Development: A Historical Perspective
	Introduction
	The Idea of Progress in Public Health
	The Rise of Statistics and Probability
	Early Foundations of Preventive Medicine
	The Sanitary Idea
	Contagion Versus Miasma
	Advances in Microbiology
	Nutritional Science in the Nineteenth Century
	Infant Mortality and Social Reform
	The Emergence of the Vitamins
	Further Research on Nutritional Deficiency Diseases
	The Rise and Fall of Protein Malnutrition
	Nutritional Immunology
	Vitamin A and Reduction of Child Mortality
	Growth in Food Production
	Long-Term Trends in Diet
	The Decline of Mortality
	Graduate Education in Public Health
	International Organizations
	Conclusions
	Discussion Points
	References

	Contextualizing International Nutrition—Considering Benefit-Cost, Evidence-Base and Capacity
	2 Economics of Nutritional Interventions
	Introduction
	The Costs of Undernutrition
	The Costs of Interventions to Reduce Undernutrition
	Cost-Effectiveness and Benefit–Cost of Interventions to Reduce Undernutrition
	Future Research
	Discussion Points
	References

	3 Nutrition Evidence in Context
	Introduction
	Evidence-Based Medicine
	Nutrition Science
	Evidence for Nutrition-Specific Interventions and Programs
	Can the Evidence-Based Medicine Paradigm Be Applied to Nutrition?
	Choosing a Control Group for a Nutrition Intervention Study
	Magnitude of Nutrient Intervention in Relation to Existing Intake and Chance of Detecting a Change of Nutritional Status
	Outcome Focused Interventions, Collecting and Interpreting the ‘Right’ Evidence
	Assessing Impact of Programs for Improving Nutrition
	Can Stunting Be the Indicator of Need for Nutrition Interventions and the Indicator of Their Impact?

	Importance of Trends and Context
	Ascertaining and Monitoring Impact of Measures to Improve Nutrition in a Target Population
	Conclusion
	Discussion Points
	References

	4 Developing Capacity in Nutrition
	Building a Case for Nutrition Capacity Development
	The Burden of Malnutrition
	A Complex Nexus of Contributing Factors
	Capacity Is Essential to Achieving International Goals and Targets

	Defining Capacity Development
	Assessing Nutrition Capacity
	Global Health Workforce and Capacity to Deliver Nutrition Services
	Assessments of Multi-country Nutrition Initiatives
	Nutrition Capacity in African Countries
	Nutrition Capacity in Asian Countries
	Capacity for Addressing Obesity and Non-communicable Diseases

	Developing Capacity in Nutrition
	Building on What We Know
	Approaches to Develop Individual Capacity
	New Knowledge and Skills to Address Post-2015 Challenges
	New Ways of Working with Other Disciplines
	Curriculum and Credentials for Development Needs
	Advocacy and Leadership
	Innovative Approaches to Education and Training

	Approaches to Develop Institutional Capacity
	Approaches to Develop Systemic Capacity

	Monitoring and Evaluating Nutrition Capacity
	Conclusions
	Discussion Points
	References

	Malnutrition, Nutrients and (Breast)Milk Explained
	5 The Spectrum of Malnutrition
	Introduction
	Using Specific Indicators of Nutritional Status to Determine the Stage of Malnutrition
	Food and Available Energy
	Diet
	Anthropometric Measurements
	Anthropometric Measures for Adults and Aging
	Anthropometric Measures for Birth Outcomes and Pregnancy
	Anthropometric Measures for Children

	Clinical Signs of Malnutrition
	Biomarkers
	Biomarkers and Environmental Factors
	Biomarkers and Time
	Biomarkers and Obesity
	Biomarkers Proteomics
	Biomarkers and Dietary Intake

	Functional Outcomes

	Global Measures of Malnutrition
	Undernourishment
	Low Birth Weight and Small-for-Gestational Age
	Undernutrition
	Micronutrient Deficiencies
	Overweight/Obesity
	The Spectrum of Malnutrition Across Regions

	Conclusion
	Discussion Points
	References

	6 Child Growth and Development
	Introduction
	Measuring Impaired Growth: Concepts and Indicators
	Fetal Growth
	Child Growth Indicators and Their Interpretation

	International Anthropometric Standards
	WHO Child Growth Standards (0–60 Months)
	WHO Growth Reference for School-Aged Children and Adolescents (61 Months–19 Years)

	Issues in the Interpretation of Growth Data
	Prevalence of Growth Retardation in Developing Countries
	Health and Social Consequences of Impaired Growth
	Interventions Aimed at Promoting Healthy Growth and Development
	Discussion Points
	References

	7 Overweight and Obesity
	Introduction
	Methods
	Measures
	Survey Design and Sample
	Comparative Approach

	Results
	The Prevalence in Lower and Middle Income Countries
	Prevalence

	Obesity Trends in Lower and Middle Income Countries

	Implications for Public Health
	Obesity
	Physical Activity
	Interactions of Obesity and Activity
	Genetic Component

	Research and Policy Implications
	Discussion Points
	Acknowledgments
	References

	8 Nutrient Needs and Approaches to Meeting Them
	Introduction
	Nutrient Intake Recommendations—Terminology and Concepts
	Dietary Reference Intakes
	RNI and RDA
	EAR
	AI
	UL

	Groups and Circumstances with Higher Nutrient Needs

	Meeting Nutrient Requirements from the Diet
	Can We Tell Whether Diets Meet Nutrient Requirements?
	Which Single Foods Meet (Almost) All Nutrient Intake Recommendations?
	Selecting Foods that Can Meet Nutrient Requirements

	Energy Density and Nutrient Density
	Energy Density
	Nutrient Density
	Concurrently Increasing Energy and Nutrient Density
	High Energy Foods with Low or High Nutrient Density

	How to Determine (Risk of) Nutrient Deficiencies, at Population Level?
	Ways to Correct Inadequate Nutrient Intake at Population Level
	Increasing Contribution from Nutrient-Rich, Unprocessed, Foods
	Fortification
	Biofortification
	Industrial Fortification of Foods for the General Population
	Industrial Fortification of Foods for Specific Target Groups
	Home-Fortification or Point-of-Use Fortification
	Considerations for Fortification
	Setting the Nutrient Level for Fortification
	Standards, Specifications and Quality Control for Fortified Foods

	Supplementation

	Ascertaining Impact of Measures to Correct Dietary Deficiencies
	Conclusion
	Discussion Points
	References

	9 Vitamin A Deficiency
	Introduction
	The Nutrient: Vitamin A
	Structure and Nomenclature
	Absorption and Transport
	Metabolism and Functions
	Visual Cycle
	Gene Regulation

	Dietary Sources and Intake Recommendations

	Public Health Significance of Vitamin a Deficiency
	Prevalence
	Preschool-Aged Children
	Newborns and Neonates
	School-Aged Children
	Women of Reproductive Age

	Effects on Child Morbidity and Mortality
	Effects on Infant Morbidity and Mortality
	Effects on Maternal Morbidity and Mortality
	Effects of Early Life Exposure

	Historical Background
	Epidemiology
	Location
	Persons at Risk
	Age
	Gender
	Socioeconomic Status (SES)

	Periodicity
	Proximal Causes
	Breastfeeding
	Complementary Feeding
	Infectious Disease Morbidity


	Clinicopathological Features
	Xerophthalmia
	Night Blindness (XN)
	Conjunctival Xerosis with Bitot’s Spots (X1B)
	Corneal Xerosis (X2), Ulceration and Necrosis (X3)

	Infection
	Poor Growth
	Anemia

	Treatment
	Prevention
	Dietary Diversification
	Supplementation
	Fortification
	Biofortification

	Conclusion
	Discussion Points
	References

	10 Iron
	Introduction
	Role of Iron in Biological Functions
	Hemoglobin
	Myoglobin
	Cytochromes
	Other Iron-Containing Enzymes

	Metabolism and Regulation of Iron
	Functional Iron
	Transport of Iron
	Storage of Iron
	Iron Turnover and Loss
	Absorption of Iron
	Regulation of Iron Homeostasis

	Assessment of Anemia and Iron Deficiency
	Iron Deficiency
	Anemia
	Field Testing for Hemoglobin
	Detection of Anemia by Clinical Examination
	Use of Frequency Distributions of Hemoglobin in Assessing Iron Status

	Prevalence of Iron Deficiency and Anemia
	Risk Factors/Etiology
	Increased Requirement for Iron
	Poor Dietary Intake
	Abnormal Iron Loss

	Functional Consequences of Iron Deficiency
	Anemia and Maternal Mortality
	Birth Outcomes and Mortality
	Child Behavior and Development
	Work Performance and Productivity
	Heavy Metal Absorption
	Iron and Infection

	Control of Iron Deficiency and Anemia
	Iron Supplementation
	Nutrition Education and Promotion
	Fortification
	Delayed Cord Clamping

	Iron Overload
	Conclusions
	Recommendations/Areas of Future Research
	Discussion Points
	References

	11 Zinc Deficiency
	Introduction
	Estimates of Zinc Requirements
	Causes of Zinc Deficiency
	Inadequate Dietary Zinc Intake
	Conditions Increasing Physiological Requirements
	Other Causes of Zinc Deficiency

	Assessment of Zinc Deficiency
	Plasma and Serum Zinc Concentration
	Dietary Zinc Intake
	Stunting
	Other Indicators

	Prevalence of Zinc Deficiency
	Importance of Zinc for Human Health
	Child Growth
	Immune Function and Morbidity
	Pregnancy Outcome
	Neurobehavioral Development

	Zinc Intervention Strategies
	Preventive Zinc Supplementation in Children
	Preventive Zinc Supplementation in Pregnant Women
	Therapeutic Zinc Supplementation
	Food Fortification with Zinc
	Dietary Diversification and Modification
	Biofortification

	Discussion Points
	References

	12 Iodine
	Introduction
	Ecology and Dietary Sources, Absorption, Metabolism, and Excretion
	The Effects of Deficiency
	Effects on Pregnancy and Infancy
	Effects in Childhood
	Effects in Adults

	Requirements and Prevalence of Iodine Deficiency Worldwide
	Prophylaxis and Treatment
	Iodine Excess
	Discussion Points
	References

	13 Nutritional Rickets and Vitamin D Deficiency
	Introduction
	Definition
	Historical Background
	Epidemiology
	Public Health Importance
	Pathophysiology/Clinical Features
	Diagnosis
	Treatment
	Prevention
	Future Directions
	Conclusions
	Future Research Needs
	Discussion Points
	References

	14 Essential Fatty Acids
	Introduction
	Essential Fatty Acids and Their Metabolism
	Polyunsaturated Fatty Acids and Immunomodulation
	Associations Between N-3 and N-6 PUFA Dietary Intakes and Disease
	Noncommunicable Diseases
	Asthma
	Other Conditions

	Effect of N-6 and N-3 Fatty Acids in Pregnancy, Lactation, and Infancy
	Long-Chain Polyunsaturated Fatty Acids in Human Milk
	Essential Fatty Acid Requirements in Healthy Infants, Children, and Adults
	Essential Fatty Acids and Specific Needs in Developing Countries
	Conclusion
	Discussion Points
	References

	15 The Role of Human and Other Milks in Preventing and Treating Undernutrition
	Introduction
	Breastfeeding, the Composition of Human Milk and Effects on Infant and Mother
	Composition
	Benefits for the Child
	Benefits for the Mother
	Breastfeeding Promotion and Support
	HIV and Breastfeeding

	Composition of Human Milk, Cow’s Milk, and Other Milks
	Protein
	Lactose
	Minerals
	Fat

	The Effects of Cow’s Milk in Prevention and Treatment of Undernutrition
	Cow’s Milk and Linear Growth
	Cow’s Milk in Prevention and Treatment of SAM and MAM
	School Milk Programs for Prevention of Undernutrition
	Pregnant and Lactating Women
	Adults with Malnutrition—Focus on HIV or Tuberculosis

	Specific Effects of Whey and Lactose in Undernutrition
	Whey Protein
	Lactose

	The Use of Cow’s Milk Ingredients in Foods for MAM and SAM
	Recommended Use of Dairy Ingredients
	Cost-Effectiveness of Milk Content

	Conclusions
	Discussion Points
	Conflict of Interest
	References

	16 The Role of Breastfeeding Protection, Promotion and Support in a Developing World
	Introduction
	Breastfeeding Definitions and Recommendations
	Nutrient Content of Breast Milk
	Breastfeeding and Infant Health
	Breastfeeding and Maternal Health
	Infant Feeding After 12 Months
	Breastfeeding Initiation
	Kangaroo Method
	Breastfeeding and the 2030 Agenda for Sustainable Development

	Breastfeeding Trends
	Global and Regional Trends

	Community and Global Issues Affecting Breastfeeding
	Breastfeeding Protection, Promotion and Support
	Policies and Guidelines
	Promotion Programs

	Summary
	Discussion Points
	References

	Tuberculosis, HIV and the Role of Nutrition
	17 Tuberculosis
	A Global Threat
	A Brief History

	Epidemiology
	Global Tuberculosis
	Global Drug Resistance
	Vulnerable Populations
	Race and Ethnicity
	Indigenous Peoples
	Children
	Urban and Rural Disparities
	The Role of Migration
	Disparities in Other Settings
	Other High-Risk Populations
	Diabetes

	How Is Mycobacterium Tuberculosis Transmitted?
	Risk Factors for Infection
	Risk Factors for Progression from Latent Infection to Disease
	Seasonality


	Tb ≠ Tb ≠ Tb
	The Pathogen
	Pathogenesis and Clinical Manifestations
	Pediatric TB


	Tuberculosis Prevention, Control, and Treatment
	Tuberculosis Control Strategy
	Tuberculosis Diagnosis
	Tuberculosis Therapy
	Tuberculosis Prevention Through Vaccination

	Conclusions
	Discussion Points
	References

	18 HIV—Medical Perspective
	Introduction
	A Brief History of the HIV/AIDS Epidemic and Access to Care
	Access to Care and Treatment—Antiretroviral Drug Prices and Global Health Initiatives
	Health Systems Strengthening

	HIV Virology, Transmission and Pathogenesis
	Biology of HIV
	HIV Transmission

	Clinical History of HIV Infection
	Early HIV Infection–Acute HIV Infection
	Clinical Latency or Chronic Asymptomatic HIV Infection
	Early Symptomatic Infection
	Acquired Immune Deficiency Syndrome (AIDS)

	Global Epidemiology of HIV
	The HIV Continuum of Care
	Comprehensive HIV Care
	HIV Diagnosis—HIV Counseling and Testing
	Linking to Care: Engaging, Retaining and Re-engaging in Care
	Antiretroviral Therapy (ART)
	Viral Suppression, CD4 Count Monitoring and Resistance Testing

	HIV Prevention
	Treatment as Prevention
	Other Prevention

	Overlapping Epidemics
	TB/HIV Coinfection
	Hepatitis B
	Hepatitis C
	Anemia
	Food Insecurity and Undernutrition
	Schistosomiasis

	Women and Children
	Conclusion
	Discussion Points
	Acknowledgments
	References

	19 Tuberculosis Infection and Nutrition
	Introduction
	History of Nutrition in TB
	Malnutrition and Risk of TB
	Malnutrition and Outcomes of TB
	Food Insecurity and TB
	Micronutrients and Risk of TB
	Macronutrients and Risk of TB
	TB and Cachexia
	Macronutrient Interventions and TB
	Micronutrient Interventions in TB
	TB Treatment and Nutrition
	Vulnerable Populations
	Children, Nutrition and TB
	Pregnancy, Nutrition and TB

	Conclusion
	Discussion Points
	References

	20 HIV and HIV/TB Co-infection in Relation to Nutrition
	HIV and Nutrition
	Introduction/Background

	Mortality and Weight Loss and HIV
	Etiology of Weight Loss in HIV
	Food Security in HIV
	Protein Energy Malnutrition in HIV
	Micronutrient Deficiencies in HIV
	Cachexia in HIV
	Resting Energy Expenditure/Metabolic Abnormalities in HIV
	Nutritional Assessment in HIV
	Macronutrient Interventions in HIV
	Micronutrient Interventions in HIV
	Nutrition and ART in HIV
	Nutrition Programs and HIV
	Impact of Fully Suppressed HIV Viral Load on Nutrition/Metabolism
	Vulnerable Populations
	Children, Nutrition, and HIV
	Pregnancy, Nutrition, and HIV

	HIV and HIV–TB Co-infection and Malnutrition
	Nutritional Status in HIV and HIV–TB Co-infection
	Outcomes in HIV and HIV–TB Co-infection
	Macronutrient Deficiencies in HIV and HIV–TB Co-infection
	Micronutrient Deficiencies in HIV and HIV–TB Co-infection
	Macronutrient Interventions in HIV and HIV–TB Co-infection
	Micronutrient Interventions in HIV and HIV–TB Co-infection

	Conclusion
	Discussion Points
	References

	Nutrition and Health in Different Phases of the Lifecycle
	21 Reproductive Health and Nutrition
	Introduction
	Reproductive Well-Being
	Onset of Puberty
	Nutritional Problems in Utero and During Early Life
	Obesity
	Vitamin D Deficiency

	Menstrual Cycle: Ovulation and Menstruation
	Anorexia Nervosa
	Female Athlete Triad
	Overnutrition and Obesity

	Premenstrual Syndrome
	Pregnancy
	Energy and Protein
	Vitamin A
	Vitamins C and E
	Vitamin D
	Calcium
	Iron and Vitamin B
	Zinc
	Magnesium
	Iodine
	Multiple Micronutrients
	Overnutrition and Obesity

	Sexually Transmitted Infections (STIs)
	Reproductive Organ Cancers
	Breast Cancer
	Obesity
	Vitamin D

	Cervical Cancer
	Vitamin A
	Obesity

	Ovarian Cancer
	Obesity
	Various Micronutrients

	Uterus Cancer
	Obesity

	Prostate Cancer
	Various Micronutrients


	Conclusion
	Discussion Points
	References

	22 Maternal Nutrition and Birth Outcomes
	Introduction
	Assessment of Maternal Nutrition
	Nutrition Interventions During Pregnancy
	Direct Nutrition Interventions
	Preterm Birth (PTB)
	Small for Gestational Age and Birth Size
	Still Birth and Perinatal Mortality

	Nutrition-Related Factors During Pregnancy

	Role of Maternal Nutrition Before Conception
	Role of Intergenerational Effects
	Evidence from Programs
	Conclusions
	Discussion Points
	References

	23 Small for Gestational Age: Scale and Consequences for Mortality, Morbidity, and Development
	Introduction
	Assessing Small for Gestational Age
	Epidemiology and Determinants of SGA
	Maternal Factors
	Preeclampsia
	Gestational Diabetes (GD)
	Anemia
	Undernutrition
	Toxins

	Placental Factors
	Fetal Factors

	Symmetric and Asymmetric SGA
	SGA and Mortality
	SGA and Morbidity
	Short Term
	Long Term

	SGA and Development
	Child Development
	Long-Term Performance

	Conclusions
	Discussion Points
	References

	24 Developmental Disabilities
	Introduction
	Overview
	Definition of Disabilities and Developmental Disabilities

	Epidemiology
	Prevalence of Developmental Disabilities in Low-Income and Middle-Income Countries (LMICs)
	Why the Discrepancies
	Cultural Perceptions on Developmental Disability
	Etiology

	Etiology of Developmental Disabilities
	Genetics and Genomics
	Environmental Exposures
	Evidence for Gene-Environment Interactions
	Evidence from Epigenetics/Epigenomics

	The Potential to Prevent Developmental Disabilities

	Nutritional Implications for Developmental Disabilities in LMICs
	Undernutrition in Terms of Macronutrients
	Undernutrition with Respect to Micronutrients
	Iron
	Folic Acid
	Iodine
	Vitamin A

	Specific Considerations for Selected Developmental Disabilities
	Attention Deficit/Hyperactivity Disorder (ADHD)
	Feeding/Nutritional Problems
	Growth Deviants

	Autism Spectrum Disorders (ASDs)
	Feeding/Nutritional Problems
	Growth Deviants

	Cerebral Palsy
	Feeding/Nutritional Problems
	Growth Deviants or Nutritional Deficits

	Down Syndrome (DS) or Trisomy 21
	Growth Deviants

	Spina Bifida
	Growth Deviants


	Sociopolitical, Policies, and Conventions Adopted by Countries’ Regulations like the Americans with Disabilities Act (ADA)
	Outcomes
	Morbidities and Mortalities
	School
	Education, Inclusion, or Exclusion
	Employment


	Conclusions
	Discussion Points
	References

	25 Adolescent Health and Nutrition
	Introduction
	Adolescence and Youth—A Window of Opportunity
	The Unique Lives and Needs of Adolescents
	Child Marriage and Adolescent Pregnancy
	Adolescent Nutrition Globally
	Growth and Development of Adolescents
	Determinants of Adolescent Growth
	Adolescent Growth and Nutritional Status in Relation to Pregnancy
	Micronutrient Deficiencies and Anemia in Adolescents in Low- and Middle-Income Countries
	Intervention Strategies and Delivery Platforms
	Nutrition-Specific Interventions
	Improving Iron and Folic Acid Status
	Improving Dietary Intake
	Nutrition of Pregnant Adolescents

	Nutrition-Sensitive Interventions
	Anthelmintic Treatment
	Postponing Age at Marriage and First Pregnancy
	Optimizing Interval Between Pregnancies

	Delivery Platforms
	Conclusion
	Discussion Points
	References

	26 Nutrition in the Elderly from Low- and Middle-Income Countries
	Introduction
	The Biology of Human Aging and Survival: An Evolutionary Perspective
	The Evolutionary Paradoxes
	The Biology of Aging

	Senescence of Tissue and Organ Function with Aging
	Function of the Alimentary and Digestive Tract in Aging

	Successful Aging, Normative Aging and Frail Aging of Individuals Within a Population
	Demography of Aging of Populations in Low- and Middle-Income Countries
	The Burden of Chronic Diseases in the Aging
	Non-transmissible Disease Epidemiology in Low-Income Country Populations
	Relationship of Chronic Disease to Diet and Nutrition in Low- and Middle-Income Countries

	Nutritional Requirements, Nutrient Intake Recommendations and Guidelines for Healthful Eating for the Elderly
	Dietary Intake and Eating Behavior by Elderly in Low-Income Countries
	Assessing Dietary Intakes in Older Subjects: Caveats for Low-Income Countries
	Patterns of Dietary Consumption in Later Life

	Nutritional Deficiency and Excess and Its Assessment in the Elderly of Developing Countries
	Deficiency and Undernutrition States in Low-Income Country Elderly
	Diagnosing Undernutrition

	Excess and Overnutrition States in Low- and Middle-Income Country Elderly
	Diagnosing Overnutrition


	Addressing Good Nutritional Status of the Elderly from Low- and Middle-Income Countries
	Conclusions
	Discussion Points
	References

	Tackling Health and Nutrition Issues in an Integrated Way in the Era of the SDGs
	27 Evaluation of Nutrition-sensitive Programs
	Introduction
	Key Challenges in Evaluating Nutrition-Sensitive Programs
	Complexity
	Long Impact Pathways and Time Frames
	Trade-Offs Between Implementation Constraints and Evaluation Rigor
	Differing Priorities, Expectations, Incentives, Time Frames, and Demand for Information Among Program Implementers and Evaluators
	Assessing Benefits Beyond Targeted Beneficiaries

	Efficacy Trials and Program Effectiveness
	Efficacy Trials
	Program Effectiveness Trials

	Using a Program Theory Framework and Program Impact Pathways Analysis as the Foundation for Understanding and Evaluating Nutrition-Sensitive Programs
	How to Design a Program Theory Framework and Associated Program Impact Pathways?
	How to Use a Program Theory Framework and Associated Program Impact Pathways in Designing the Evaluation of a Nutrition-Sensitive Program?

	A Comprehensive Evaluation Framework to Assess Program Impacts, Impact Pathways, and the Cost of Nutrition-Sensitive Programs
	What Is the Impact of the Program?
	The Challenge of Finding a Valid Counterfactual
	Selecting an Evaluation Design
	The Importance of Time, Duration, and Timing
	Ensuring Appropriate Sample Size
	Choosing Indicators

	How and Why Did the Program Have (Did Not Have) an Impact?
	Understanding the Pathways to Impact
	Designing the Process Evaluation
	The Importance of Timing and Time Frames
	Selecting Data Collection Methods and Tools
	Drawing the Sample
	Summarizing the Results from the Process Evaluation
	Sharing and Feeding the Results Back to Program Implementers

	What Is the Cost of the Program?

	Working Together: Evaluation and Program Implementation Teams Working Together Toward a Common Goal
	Differences in Priorities, Expectations, and Incentives
	Differences in Time Constraints and Time Frames
	Independence of Evaluators

	Using the Results from Evaluation Research
	Conclusions
	Discussion Points
	References

	28 Integrated Approaches to Health and Nutrition: Role of Communities
	Introduction
	Historical Perspectives: Communities and Health
	Role of Communities in Health
	Promoting Social Norms and Rights
	Educating for Home Care and Care Seeking
	Overcoming Access Barriers
	Delivering Health Services
	Defining and Monitoring Quality of Care
	Providing Social Support


	Shifting Dynamics
	Sustainable Development Goals (SDGs)
	Changing Dynamics of Physical Communities (Population Demographics and Urbanization)
	Virtual Communities
	Focus Shifting from Communities to Individuals

	Looking Forward: Communities Supporting Integrated Health and Nutrition
	Models of Cross-Sectoral Approaches
	Challenges and Opportunities

	Conclusion
	Discussion Points
	References

	29 Nutrition in Humanitarian Crises
	Introduction
	Humanitarian Crises—Types, Characteristics and Consequences
	Definition of Humanitarian Crisis
	Types of Crises or Shocks
	Consequences and Effects of Crises
	Displacement
	Food Insecurity and Market Access
	Access to Services

	Preparedness

	Impacts of a Humanitarian Crisis on Nutrition
	Who Is Affected and How
	Factors Affecting the Impact on Nutrition: Pre-crisis Nutrition Situation
	Factors Affecting the Impact on Nutrition: Characteristics or Effects of the Crisis
	Displacement
	Service Quality and Access
	Women, Crises and Nutrition


	The Nutrition Response to a Humanitarian Crisis
	Thresholds for a Nutrition Response
	Prevention and Treatment
	Food Assistance and Nutrition

	Conclusion
	Discussion Points
	References

	30 Ending AIDS by 2030: Partnerships and Linkages with SDG 2
	Introduction
	Current Context for HIV and Nutrition
	HIV
	Nutrition

	Opportunities Ahead
	Comprehensively Addressing HIV/AIDS—Treatment and Beyond
	Application of the Matrix Framework
	HIV Transmission
	HIV Testing
	Pre-ART Care
	ART Initiation and Adherence

	Food and Nutrition in HIV Infection
	Nutrition and HIV Infection
	Nutrition and ART

	Applying the Matrix Framework to Food and Nutrition Assistance—Opportunities for Programming
	Role of Food Security and Nutrition for Adherence
	Focus on Social Protection—Adherence and Transmission
	Focus on Key Populations
	Focus on Maternal Newborn and Child Health

	Conclusion
	Discussion Points
	Acknowledgments
	References

	Trends in Urbanization and Development, Impacts on Food Value Chains and Consumers, and Private Sector Roles
	31 How Urbanization Patterns Can Guide Strategies for Achieving Adequate Nutrition
	Introduction
	Achieving the Sustainable Development Goals
	Urbanization Patterns
	Nutrition Analysis of Cities
	Global Nutrition Status
	Global Urban Nutrition Status
	Consumption Trends in Cities

	Urban Development
	Urban Development History
	Primate Cities
	Secondary Towns
	Megacities
	Medium-Sized Cities

	Urban Size, Infrastructure and Food Systems
	Infrastructure and Its Relationship with Urban Nutrition Status
	Food Waste and Cold Chains
	Water and Sanitation
	Roads and Traffic

	International Trade and Local Production
	Conclusion
	Discussion Points
	Acknowledgments
	References

	32 Urbanization, Food Security and Nutrition
	Introduction: Global Urbanization Trends
	Data and Trends in Urban–Rural Poverty, Food Security and Nutrition
	Poverty
	Food Security
	Nutrition
	Stunting and Underweight in Children
	Disparities in Child Nutrition Within Urban and Rural Areas

	Overweight and Obesity in Children and Women

	Challenges and Opportunities for Achieving Food Security and Optimal Nutrition in Urban Environments
	Food Systems, the Nutrition Transition and Urban Diets
	Urban Structure, Technology and Society
	Changing Role of Women
	Changing Demand for Food
	Urban Diets
	Physical Activity

	Food Availability
	Food Retailing and the Food Environment
	Traditional and Modern Supply Chains
	Foreign Direct Investment and Globalization

	Street Foods
	Urban Agriculture

	Food Access
	The Importance of Cash and Food Purchases
	Food Price Shocks

	Urban Employment
	Maternal Employment and Childcare

	Formal and Informal Safety Nets

	Availability and Access to Environmental and Health Services and Food Safety
	Access to Safe Water and Good Sanitation
	Food Safety


	Implications for Policy, Programming and Research
	Conclusion
	Discussion Points
	Acknowledgments
	References

	33 The Impact of Supermarkets on Nutrition and Nutritional Knowledge: A Food Policy Perspective
	Introduction
	Modern Supply Chains and the Marketing Sector
	The Rise of Supermarkets
	The Challenge to Food Security from Modern Supply Chains: A Food Policy Perspective
	The Food and Health Dimension
	The Poverty and Development Dimension
	Integrating the Food and Health Dimension with the Poverty and Development Dimension
	Economic Growth and Policy Issues
	Conclusion
	Discussion Points
	Acknowledgments
	References

	34 Value Chain Focus on Food and Nutrition Security
	Introduction to Value Chains
	What Are Value Chains?
	What Are Food Value Chains?
	What Is Value?

	Food Value Chain Actors and Typologies
	Actors Across the Food Value Chain
	The Role of the Private Sector
	Types of Food Value Chains

	Global Context of Food Systems and the Evolution of Nutrition
	Diet Shifts and Value Chains

	Value Chains for Nutrition
	Why Food Value Chains Can Contribute to Nutrition
	Value for Nutrition
	Nutrition Value Chain Actors
	Entry and Exit Points
	Nutrition-Focused Food Value Chains

	Primary Activities
	Inbound Logistics
	Operations
	Outbound Logistics
	Marketing and Sales

	Secondary Activities
	Conclusion
	Discussion Points
	References

	35 Role of Foundations and Initiatives by the Private Sector for Improving Health and Nutrition
	Introduction
	Provision of Goods and Financial and In-Kind Resources
	Public Health Advocacy
	Driving Innovation and Novel Approaches
	The Proliferation of Public Private Partnerships
	Standards for Private Sector Involvement
	Conclusion
	Discussion Points
	Acknowledgments
	References

	Ethics—Critical to Making Progress in Public Health
	36 Ethics in Public Health Research
	Introduction
	Basic Ethical Principles
	Respect for Persons
	Beneficence
	Justice

	Application of Ethical Principles
	Informed Consent
	Confidentiality
	Standards of Care
	Responsibility to the Study Community After Completion of Research

	Ethical Review Processes
	Conclusions
	Discussion Points
	References

	Index



