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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
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viii Foreword

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



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
SDG?2. 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, lan Darnton-Hill
and Keith P West, Jr; Iron by Melissa Young and Usha Ramakrishnan; Zinc by Sonja K. Hess; lodine
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 Melgaard 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
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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



Preface xv

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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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. lodine 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 Nifio 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

e 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.

e 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.

e 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 progreés 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
vollstindigen 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 [’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 [’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 #-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 Francois Benoiston de Chéateauneuf (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’hygiene 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 [S57]. 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
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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 18171823, 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 Fidele 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]. Francois Magendie (1783-1855), professor of anatomy at the Collége 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
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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 Frangaise 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
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Fig. 1.2 Epidemics of diarrheal disease in Paris described by Newman in 1906. Adapted from [100]

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].
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Fig. 1.3 Vessels involved in Navy research on beriberi by Kanehiro Takaki in the late nineteenth century

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
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Fig. 1.4 Nicholai Ivanovich Lunin (1853-1937)

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].
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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
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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 1b 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
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Fig. 1.5 Dr. Edward Mellanby (1884-1955)

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
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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 Ecoles, 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. Noél
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
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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’Hygiéne
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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Table 1.1 Major diseases in Europe, Great Britain, and the United States during the nineteenth century

Infectious diseases Nutrition deficiency disorder
Diarrheal disease Rickets

Cholera Pellagra

Malaria Goiter/cretinism

Yellow fever Nutritional blindness
Tuberculosis

Typhoid

Typhus

Measles

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 I,
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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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

e 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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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 Neural tube defects [4]

periconception) 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]

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

Nutritional deficiency Examples of cost
Folic acid (in women RR = 0.28 of NTDs" for supplementation of women of reproductive age [5];
periconception) 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]

4NTD neural tube defects; RR relative risk

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



38 S. Horton

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

Magnitude of effect® ‘ What was modeled?

Iron deficiency

0.81% GDP": median for 10 LMICs [25] ‘ Used anemia

lodine deficiency

0.48% of global GDP [27] Rough estimate based on 12% prevalence of

goiter prior to universal salt iodization

Stunting/underweight®

1.7-11.4% of GDP: range for 7 Latin American/Caribbean Used underweight
countries [28, 29]
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 Used adult male height
with good time series data on height to reflect different regions
1900-2000 [19]
11.2% of GDP: average for 66 LMICs [31] Used stunting
Notes
“Magnitude of effect depends on severity of condition
®GDP gross domestic product (similar to GNI or gross national income)
“Note that impact on NCDs later in life are not included in the cost estimates

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 QALY 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
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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, Cost in SEAR-D, Cost used in SUN
ingredients ingredients estimates for sub-Saharan
method 2010 $ method 2010 $ Africa and South Asia [36]
[17] [17]

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

Multiple micronutrient supp (per 6.13 5.84 N/a

pregnancy)®

Calcium supplements (per pregnancy) 18.87 18.59 N/a

Energy/protein supp (per pregnancy) 25.00° 25.00% N/a

Vitamin A supplements (per child) 2.82 1.58 1.33

Preventive zinc supplements (per 5.88 4.63 7.98

child): SUN estimate is for multiple
micronutrient powders

Breastfeeding promotion (per birth) 14.18 11.69 5.82
Complementary feeding education (per | 5.22 3.54 1.83

child)

Complementary food supplement for 6- | 50.00° 50.00° 40.00-80.00°
23 months olds (per child)

SAM management (per case—duration 146.19 138.72 221.60

4 months)

Fortification of wheat/similar with iron - - 0.20

(per person per year); cost to also
include folic acid is negligible

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
“Uses SUN estimates

®Author’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

Total $9.6bn

0.1 05
2.6

® Salt iodisation
19 = Multiple micronuts
= Calcium supp
B Energy-protein supp
B Vitamin A supp
B Preventive zinc supp
Breastfeeding prom
1 Comp feeding education
1.4 Comp food supp

SAM management

0.3 1.2

0.7

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:

e (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

e 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 DALYSs, 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 countries®

Intervention Annual cost Lives saved per Cost per life-year saved
($ bn) year (DALY saved)

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

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

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

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

Total $9.6 bn 903,000 $179 ($329)

“Results are for when entire package of all interventions is scaled up at once to 90% coverage in the 34 priority
countries in [17]

"Consists 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

“Consists 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

“Community-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

e When can/should we use benefit:cost methods to evaluate nutrition interventions, and when
can/should we use cost-effectiveness methods?
e How can economics methods be useful for practitioners and policymakers interested in nutrition?


http://www.scalingupnutrition.org
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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

e Explain the concept of evidence-based medicine (EBM).

e Understand the differences between medicine and nutrition science with regard to the type of
evidence that is required for choosing an intervention.

e Know which factors affect the external validity of RCTs in nutrition.

e Understand why context plays such an important role in the impact of most nutrition-specific
interventions.

e 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 [S]. 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].
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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.
e Level II-2: Evidence obtained from well-designed cohort or case-control analytic studies,
preferably from more than one center or research group.
e Level II-3: Evidence obtained from multiple time series designs with or without the intervention.
e 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. Blinding' 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

'A 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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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/m? 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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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

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.
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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:

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

e dosage of nutrients is modest compared to existing nutrient intake.

e 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]:

e (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);

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

e 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:

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

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

e 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:

e the design of the intervention, along the lines of the above example;

e 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;

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

e 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

e Why can the evidence-based paradigm from medicine not be equally applied to nutrition?

e How can systematic reviews take the role of context into account?

e 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?

e 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.
e Understand the capacity gaps in global nutrition workforce at the individual, institutional, and
systemic levels.
e Describe the pros and cons of using competencies in education and training of the nutrition
workforce.
e 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



4 Developing Capacity in Nutrition 69

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
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Approach Description Data requirements Pros Cons
Demand-based An estimate of Epidemiological and Potentially Often nutrition
workforce requirements | demographic trends independent of | needs are
is obtained after the way determined by
accounting for projected nutrition experts and may
population growth and services are not reflect needs
demographic shifts and currently perceived by the
the associated burden of delivered population
malnutrition
Supply-based An estimate of Number of Can consider Assumes a
workforce requirements | education/training productivity consistent demand
is quantified based on programs and their and skill-mixes | for nutrition
the current burden of graduation/completion | of the services
malnutrition in the rates workforce
population and the
programs in which
workers are educated
and trained
Worker-to-population | Using a reference Census of nutrition Easy to Ignores changes in
ratio country or region, an workforce understand and | workforce quality,
adequate nutrition use as an performance or

worker: population ratio
is estimated and used as
the criterion

advocacy tool

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]
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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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e 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].

e 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].

e 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].

e 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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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.

e 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].

e 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].

e 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].

e 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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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]

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
(MOOC:s) 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
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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.

e 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, [UNS 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].

e 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].

e 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].

e 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.

e 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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Fig. 4.2 A framework for monitoring and evaluating capacity development in nutrition. Adapted from (UNDP 2009)
[34]

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



84 J.C. Fanzo and M.M. Graziose

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

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

e 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.

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

e 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?

e 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

Keywords Malnutrition - Undernutrition - Overweight/obesity + Anthropometry - Micronutrients «
Biomarkers

Learning Objectives

e Identify the stages of the malnutrition spectrum.

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

e 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 Estimated from food balance sheets,
meeting their energy requirements including import and export

Undernutrition A measure of inadequate nutrient intake Anthropometric measures of stunting,
compared to needs (can be acute or chronic | wasting, underweight
and also affected by disease)

Overweight/obese, A measure of positive energy balance Anthropometric measures of overweight

sometimes referred to
as ‘overnutrition’

(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 An inadequate amount of a vitamin or One or more biomarker that relates to

deficiency essential mineral in the body amount of nutrients in body, clinical signs
of deficiency (e.g., xerophthalmia for
vitamin A deficiency)

Multiple An inadequate amount of two or more Multiple biomarkers indicating amounts of

micronutrient vitamins or essential minerals in the body micronutrients in body or clinical signs of

deficiencies deficiencies

Double-burden of Excessive prevalence of both undernutrition | Anthropometric measures of undernutrition

malnutrition: and overweight/obesity, note that (stunting, wasting) and overweight/obesity

population micronutrient deficiencies are often found to

co-occur with both forms of malnutrition

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.



5 The Spectrum of Malnutrition 95

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
(A]) 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 Al 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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Table 5.2 Adult weight classifications
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Weight category for individuals BMI range (kg/m?)
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 reporting®
Overweight 223.0
Obesity >27.5
Obesity class I 27.5-<32.5
Obesity class 11 32.5-<37.5
Obesity class III 237.5

*Action points along the spectrum of BMI at which countries could make decisions regarding risks for their population
[42]

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 a meta-analysis that incorporated 58 studies, waist circumference as an
estimate of adiposity, had a greater association with hypertension in studies in which the study population
had a mean BMI of <22.0 compared with studies in which mean BMI was >22.0, suggesting that the risk
of hypertension associated with adiposity is greater in lean than in non-lean populations [49].
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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 [UGR [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
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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 c¢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].



5 The Spectrum of Malnutrition 101

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 Deficiency signs and symptoms
nutrients
Vitamin B9 * Glossitis

(folic Acid)

¢ Neural tube defects

« Weakness, fatigue, and depression
« Pallor

« Dermatologic lesions

Vitamin B12

* Lemon-yellow tint to the skin and eyes

(cobalamin) * Smooth, red, thickened tongue
« Pallor
* Ataxia
Vitamin C * Scurvy (fatigue, hemorrhages, low resistance to infection, anemia)

(ascorbic acid)

¢ 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

Todine

« 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.
nutritiontoolkit/ModuleFolders/3.Indicators %5CClinical %5CTools%5C

Gallagher [136]

Marks [137]

Allen et al. [138]

Tulchinsky [139]

www.micronutrient.org/


http://www.micronutrient.org/nutritiontoolkit/ModuleFolders/3.Indicators%255CClinical%255CTools%255C
http://www.micronutrient.org/nutritiontoolkit/ModuleFolders/3.Indicators%255CClinical%255CTools%255C
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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 R* equal to 0.62 and skin and dietary carotenoids had an
R’ 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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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])

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. 5.2 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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Fig. 5.3 a, b Regional prevalence rates for undernutrition. HICS high income countries; LMICS low and middle
income countries; stunting: height-for-age z-score <—2.0; underweight: weight-for-age z-score <—2.0; wasting:
weight-for-height z-score <—2.0; severe wasting: weight-for-height z-score <—3.0. Adapted from Black et al. [132]

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. 5.4 Regional prevalence of micronutrient deficiencies. Vitamin A: serum retinol <0.70 pmol/L; hemoglobin:
<11 mg/dl; iodine: urinary iodine concentration <100 pg/L for school age children, see [134]; zinc: based FAO food
balance data sheets using the IZINCG physiological requirements using the Miller equation to estimate zinc absorption
and an assumed 25% interindividual variation in zinc intake. Data are for the time frame 2003-2007, see [135]. Adapted
from Black et al. [132]

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.
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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

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

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

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

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

e 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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permission from American Academy of Pediatrics

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 sequelac. 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 months™* Age: 61 months to 19 years™®
Indicator and cut-off Indicator and cut-off
Obese BMlI-for-age (or BMI-for-age > 2SD
weight-for-length/height) > 3SD (2SD approximates BMI 30 kg/m" at
19 years)
Overweight BMlI-for-age (or BMI-for-age >1SD to 2SD

weight-for-length/height) > 2SD to 3SD

(1SD approximates BMI 25 kg/m® at
19 years)

Possible risk of

BMlI-for-age (or

Not applicable

overweight weight-for-length/height) > 1SD to 2SD

Moderately Weight-for-age < —2SD to —3SD Weight-for-age (up to 10 y) < —2SD
underweight to —3SD

Severely Weight-for-age < —3SD Weight-for-age (up to

underweight 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

BMlI-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

*WHO Child Growth Standards: http://www.who.int/childgrowth/en/index.html
PWHO Growth Reference for school-aged children and adolescents: http://www.who.int/growthref/en/
“Z-score and percentile equivalence

-3 =0.1
—2=23
-1=159
+1 =284.1
+2 =977

+3 =999
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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,
MUALC 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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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

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 [5S0] 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.
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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

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
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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:

e 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].

e 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.

e 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.

e 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.

e 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.

e 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 O 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 stunted® 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 36.7 249
44.2-57.0 |15.7-20.3 38.9-454 |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 29.1414 |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 |4.9-79 14.6-29.4 |3.5-7.0 9.9-274 |2.3-64
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
354-429 |11.5-14.0 31.741.2 |16.5-21.5 27.1-429 |17.9-28.4
Asid® 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 |41.6-714
Eastern” 36.8 479 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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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 35
22.7-36.6 |4.9-7.9 10.4-29.5 |2.8-7.9 54-26.7 |1.5-74
Latin America and Caribbean | 24.6 13.7 134 7.1 8.5 4.2
19.3-29.9 | 10.8-16.7 9.0-17.7 |4.8-94 4.8-12.2 [2.4-6.1
Caribbean 16.5 0.7 6.7 0.2 3.5 0.1
94-272 |0.4-1.1 3.1-13.7 |0.1-0.5 1.5-8.3 0-0.3
Central America 34.0 54 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 214 7.7 11.5 39 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
Oceania® 40.4 0.4 355 0.5 324 0.5
26.8-55.7 |0.3-0.5 16.0-61.4 |0.2-0.8 7.7-734 | 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
33-11.0 |2.5-85 4.1-12.6 |2.9-89 45-142 |[3.2-99
Global 399 253.1 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
“Height-for-age below —2SD from the WHO Child Growth Standards

"Excluding Japan

“Excluding Australia and New Zealand
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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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Fig. 6.7 Intergenerational cycle of growth failure

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:

e 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
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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

e 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

e 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

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

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

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

e 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-a-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 1949 (n = 815,609). Overweight BMI > 25. Data from the
year closest to 1990 and 2010 for each country)
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Fig. 7.2 Trends in female % overweight by region, 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)

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 2 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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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)

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. 7.4 By GNP: Annualized change in female % overweight, 1990s-2000s* (*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)

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 Il 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. 7.5 % 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)

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.
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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 22.6 339 29.4
Asia
China [28] 1992 54,006 225 >20 years 11.9 17.0 14.6
1992 18,472 (U) |=225 >20 years 20.8 25.1 23.1
1992 35,534 (R) | =225 >20 years 74 12.7 10.2
China [25] 2000 4722 225 >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 >18 114 22.1 17.0
Kyrgy Republic 1993 4053 230 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 18.1 214
1990 4747 >30 18-64 4.7 7.9 6.1
Philippines [31] 1993 9585 >30 20 years 1.7 34 -
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) 230 35-54 22 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 18 339 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) 30-59 59.1 79.6 72.7
227 (69)
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 66.2 522
Tonga [37] 1986 654 >32 (69) 20-49 10 39.1 -
>30 (F)
- - >26 (69) 20-49 47.6 77.9 -
>24 (F)
No. Africa/Mid East
Bahrain [38] 199172 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 18 323 40.6 36.4
1993-94 | 3435 >25-30 18 35.2 323 33.8

(continued)
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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 24 8.3 53
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) 15-64 41.9 38.8 40.3
24-30 (F)
South Africa [15] 1990 986 (BI) 30 15-64 7.9 44.4 28.0
Mauritius [34] 1992 5111 >30 25-74 53 15.1 10.6
1992 5111 >25 25-74 35.7 47.7 422

BL Black; U Urban; R Rural

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.
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Table 7.2 Obesity trends among adults in lower and middle income countries
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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] 1975776 - >30 63.2 724 -
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 - 227 26.8 474 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 11 38 26
(=25 M)
1993 1226 >27 9 - 214
1993 1226 >25 18 339 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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Table 7.2 (continued)

Country Year Sample (n) Obesity % obese
Criteria Males Females Total

Asia

China [25] 1991 8680 225 10.3 15.2 12.9
2000 9570 225 22.1 24.6 2304

China 1989 5056 25-30 59 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 13,827 225 7.9 15.3 12.0
2000 22,725 225 11.4 22.1 17.0

Vietnam [25] 1992 6545 225 1.0 2.2 1.6
1997 16,270 225 29 54 4.3
2002 92,484 225 43 6.5 5.5

Africa

Mauritius (32) 1987 5021 <25-30 22.7 27.5 25.2
1992 5111 <25-30 304 32.6 31.6
1987 5021 >30 34 10.4 7.1
1992 5111 >30 53 15.1 10.6

Europe

Russia 9/1992 7305 30-45 8.4 23.2 -
2/1993 9058 3045 9.7 25.8 -
8/1993 9238 3045 9.2 25.7 -
11/1993 8278 3045 10.0 25.7 -
12/1994 6967 30-45 9.5 26.6 -
10/1995 6528 3045 9.3 27.2 -
10/1996 6231 3045 10.8 27.9 -
9/1992 7305 25-30 335 33.1 -
2/1993 9058 25-30 344 32.5 -
8/1993 9238 25-30 34.1 32.6 -
11/1993 8278 25-30 344 322 -
12/1994 6967 25-30 354 31.6 -
10/1995 6528 25-30 31.8 314 -
10/1996 6231 25-30 334 30.5 -
2004 7077 225 474 58.4 534

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.
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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

e 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?

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

e 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 «
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Learning Objectives

e Understand how nutrient intake recommendations have been established and how they are applied.

e Understand energy density and nutrient density, how they can be increased and for which sub-
groups of the population they are most important.

e 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).

e 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

The Recommended Nutrient Intake (RNI, established by FAO/WHO, for use anywhere in the world) [3],
or Recommended Dietary Allowance (RDA, established by the Food and Nutrition Board 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 O.
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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

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.

Al

When the EAR cannot be set, because of insufficient information on disease or health risks, the
Adequate Intake level (Al) is set instead of the RNI and RDA [1]. This is for example the case for
young infants (0-5 mo) for whom the Al is based on the composition of breastmilk consumed by
healthy, full-term, exclusively breastfed infants. Like the RDA/RNI, the Al 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
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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
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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 amounts®. 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)

Todine

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 PDCAAS® or
DIAASS 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 milk?

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
(o-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

“Even 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

°Protein 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
“Digestible 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
9Different 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 (USMR) 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 USMR > 50 a vitamin A deficiency problem should be assumed requiring
immediate or continuing action, and also for USMR 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 (659 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;

e 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:

e 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;

e 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:

e 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).

e 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 [S9—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 commaodity 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 pg/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:

e 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.

e 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]:

e 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

e Which food processing and preparation methods can be used at home to increase (a) energy
density and (b) nutrient density?

e What should be the nutrient intake target for a specific population group, their EAR or their RNI?

e What are the advantages and difficulties of mandatory fortification, from public health, food
manufacturers and consumers perspectives?

e 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?

e 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

e Describe the two major functions of vitamin A that underscore the nutrient’s public health
importance.

e 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.

e Describe the epidemiology and the clinicopathologic features of vitamin A deficiency in child-
hood and during the reproductive years.

e 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 C49Hss0,, where n, the number of
oxygen molecules, can vary from O 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, o-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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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])

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.
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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-frans 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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lighter dashed line represents a light-induced conversion pathway to 11-cis retinal in the RPE

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].
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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])

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 g of
retinol is the standard, defined as 1 pg 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 ng of retinyl palmitate
(the most common vitamin A ester in food) = 1 ug 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 pg RAE, cod liver oil ~30,000 ng RAE,
whole cow or goat milk ~50 to 60 pg RAE, and cheeses ~300 pg 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
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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 pg of vitamin A per liter [43]
which, at an intake of ~725 ml per day, provides a breastfed infant with ~435 to 500 pg 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 png 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 [-carotene is better absorbed from soft yellow fruit than dark green leaves
sits [51]; cooking, mincing or pureeing improves bioavailability [52-54]
E Effectors of absorption and Intestinal parasitic infections, including those that decrease fat absorption,
bioconversion 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 -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 Supplementation with one carotenoid may increase or decrease plasma
other nutrients concentrations of other carotenoids [50]
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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])

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 [-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 cl