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To our parents, who struggled to bring a better life for the next generation: Hannah
Semba and the late Thomas T. Semba, Japanese Americans interned in the Tule Lake
and Heart Mountain “relocation” camps, and Alexander and Jacqueline Bloem, Dutch
Indonesians and survivors of the Sumatra railway “work camp,” the Kramat camp, and
the sinking of the Junyo Maru by the British submarine HMS Tradewind off the west
coast of Sumatra.



Series Editor’s Introduction

The Nutrition and Health™ series of books, as an overriding mission, provide health
professionals with texts that are considered essential because each includes (1) a syn-
thesis of the state of the science; (2) timely, in-depth reviews by the leading researchers
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/health professionals 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, each editor has 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.

A key objective of the series is to develop volumes that reviewers indicate offer
great value to the reader. One consequence of the favorable reviews that have followed
publication of books in the series to date is the potential for the publishing of updated,
second editions, lending further credence to the reviewers’ assessments.

Nutrition and Health in Developing Countries, Second Edition, edited by Richard
D. Semba and Martin W. Bloem, is an excellent example of the development of a
second edition based upon the value that readers and reviewers found in the first edition,
and thus there is real anticipation of this critically important updated and greatly enhanced
second edition. This is the 25" volume to be published as part of the Nutrition and Health
series and fully exemplifies the series’ goals.

The first volume of Nutrition and Health in Developing Countries, edited by Richard
D. Semba and Martin W. Bloem, represented the most comprehensive overview of the
state of the science in international nutrition available in 2001. The volume reflected the
extensive field as well as laboratory bench expertise of both world-renown editors and
their in-depth knowledge of the interactions of nutritional status and its impact on global
health. The first volume contained outstanding chapters that reviewers praised because
of the significant insights into biological as well as public health issues concerning, as
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viii Series Editor’s Introduction

examples, food availability, nutrient function, disease consequences, and health policy
issues.

Nutrition and Health in Developing Countries, Second Edition is especially timely as
the first volume was published before the advent of many of the major natural disasters
that have severely affected the nutritional status of many populations already documented
to be at high risk of under-nutrition. Moreover, new serious diseases have been identified,
including severe acute respiratory syndrome (SARS), and these novel infectious organ-
isms, as opportunistic pathogens, cause illness in the weak and malnourished that further
debilitates these populations. The second edition is comprised of 34 chapters and contains
12 new chapters that focus on information about the consequences of natural disasters,
such as the Indian Ocean tsunami in 2004, where 1.7 million people were displaced and
emerging infections, such as SARS and bird flu, that have the potential to be transmitted
rapidly from developing nations to the rest of the world. There are also new chapters deal-
ing with nutrition in the elderly, nutritional consequences of tobacco, industrialization of
food production and retail sales and impact on health, the effects of multi-micronutrient
supplementation programs, nutrition surveillance programs and policy issues, and of great
interest, the ethics of clinical nutrition research in developing countries. All of the 22 chap-
ters that were included in the First Edition have been significantly updated and enhanced in
the Second Edition. Thus, the benchmark status of the First Edition has been raised to an
even higher level and the Second Edition continues to provide clear, objective documenta-
tion of the nutritional status of populations and the effects of nutritional interventions on
the health and well-being of affected populations in developing countries.

Dr. Richard D. Semba and Dr. Martin W. Bloem, who have edited both the First and
Second Editions, are internationally recognized leaders in the fields of clinical nutrition,
ophthalmology, and immunology research. Both editors are physicians and each has also
completed further advanced degrees. Dr. Semba, MD, MPH, is the W. Richard Green
Professor of Ophthalmology at the Wilmer Eye Institute at Johns Hopkins University
and is a global leader in nutrition research who has published extensively on the role of
vitamin A deficiency in childhood blindness. Dr. Bloem, MD, PhD, is Chief of Nutrition
Service, United Nations World Food Program in Rome, Italy, and previously served as
the Chief Medical Officer for Helen Keller International. Each has extensive experience
in academic medicine as well as in-depth field experiences, and collectively they have
over 300 professional publications and numerous awards for their efforts to improve the
nutrition of those with the greatest needs around the world.

The Second Edition is organized as a stand-alone text that provides the historic begin-
nings of public health nutritional interventions in developing nations, assessment of the
current nutritional status of the populations across the lifespan, examines the macro as well
as the micronutrient intakes of at-risk populations, and discusses the clinical research that
has contributed to the acceptance by governments of intervention programs to improve
the health of their nations. In addition, recommendations for future research are provided
and targeted to those at greatest risk for malnutrition including infants, toddlers, women
of childbearing age, pregnant and lactating women, and the elderly. Of importance, the
area of obesity in developing countries is also explored as the number of overweight and
obese malnourished children has continued to grow over the past decade.

The Second Edition almost doubles the size of the original volume and contains 34
extensive, in-depth chapters covering the most important aspects of the complex inter-
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actions between diet, under-nutrition, obesity patterns around the world, infections,
immune function, and the mental, physical, as well as the genetic consequences of
malnutrition throughout the lifespan. The editors have chosen 44 well-recognized and
respected chapter authors from 14 countries who have included complete definitions of
terms with the abbreviations fully defined for the reader and who use terms consistently
between chapters.

The volume concentrates on the examination of the major health and nutrition-related
problems seen in developing countries and the population groups most affected. There
are separate chapters on maternal mortality, low birth weight and perinatal mortality,
infant mortality and child growth and development, as well as the new chapter that con-
centrates on the elderly. Other chapters include well-organized, updated information on
malaria, tuberculosis, HIV, measles, diarrheal diseases, and acute lower respiratory tract
infections and the populations at greatestrisk for these adverse health conditions. Separate
chapters are devoted to vitamin A, vitamin D, iron, iodine, zinc, multiple micronutrient
deficiencies, as well as overall macronutrient under-nutrition. There are critical reviews
of the current and future scenarios that include the shifting importance between under-
and over-nutrition (obesity), rural to urban shifts in populations, increased exposure to
environmental hazards including pollution, food- and water-borne contaminants and
pathogens, and others that are affected by changes in socioeconomic factors. Finally,
there are critical insights into the relevance of nutritional interventions and ethical con-
siderations in the conduct of studies in developing countries. Relevant chapters include
a systematic cost-effectiveness analysis of intervention programs and the difficulties of
both implementing as well as then analyzing the effectiveness of nutrition programs. The
remaining chapters place in perspective the multifaceted requirements to affect global
policies, even in areas of agreement, such as the improvement of the nutritional status
of individuals at greatest risk in developing countries. Readers will benefit greatly from
the 96 well-organized tables and 125 relevant figures and over 4600 references that are
cited in this comprehensive volume.

Nutrition and Health in Developing Countries, Second Edition edited by Richard
D. Semba and Martin W. Bloem, stands as the most comprehensive reference text in the
field, and provides health professionals at all levels of care as well as policy makers and
program designers and implementers with balanced, referenced facts and data on which
to base sound recommendations. This volume is of equal importance in the education of
the next generation of health care professionals interested in improving global health,
as nutrition remains the key to success. I applaud the efforts of the editors as they have
developed the most authoritative resource published to date. This excellent text is a very
welcome addition to the Nutrition and Health Series.

Adrianne Bendich, PhD, FACN,
Series Editor



Foreword

With the threat of a global recession and major climate-related disasters looming large
in the popular media, society as a whole faces the danger of losing sight of key problems
that underlie much of the potential social damage from such crises—problems, such as
those relating to nutrition and health in developing countries, that persist and hinder the
achievement of the Millennium Development Goals (MDGs).

Global health and nutrition problems can only be solved through a firm understanding
of the various levels of causality and the interactions between their various determinants.
This second edition of Nutrition and Health in Developing Countries, which contains
new chapters on humanitarian emergencies, food in humanitarian relief, food policy,
the emerging role of supermarkets in developing countries, homestead food production,
aging, ethics, and the adverse impact of parental tobacco use, reflects the transitions and
increasing complexity in developing countries.

Among the major problems facing the world today is AIDS. As I stated in 2007, the
AIDS epidemic is not done yet, but is still expanding and globalizing. It is a disease that
was not even known 26 years ago but is now the leading cause of death in Africa and the
fifth leading cause of death in the world, after heart diseases, all cancers, strokes, and
respiratory illness.

Throughout the world, more women are becoming infected with HIV. Where AIDS
has severely affected human and social capital, development has not only stagnated, it has
reversed, threatening the very future of vulnerable populations.

While we have gained scientific understanding on the biological and social drivers of
the AIDS epidemic, and solutions are available to deal with the disease itself as well as
conditions arising from it, there is still a great need for increased investment and focused
spending on evidence-informed strategies for HIV prevention and for impact mitigation.

The global problem of AIDS is not just a medical or public health problem any more
than climate change is just an environmental problem. Like most of the world’s major
problems, AIDS presents a social challenge—a problem of how people relate to other
people and how these relations have shaped economic, sexual health, and other impor-
tant individual and collective choices. Accordingly, effective solutions must be devel-
oped with a view to addressing all the aspects we now know to be important—access to
antiretroviral therapies, gender equality and women’s empowerment, poverty alleviation,
food and nutrition security, and other key factors that can lead to the eradication of the
disease worldwide.

We have also seen how successes in HIV prevention and treatment lead to increased
uptake of other health services and therefore improved health and well being. This
means greater investments are needed to strengthen health systems and human resources
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for health as well as the capacity of local communities to respond given that prevention
efforts are happening largely outside the health sector.

In this volume, readers will find many of the same authors from the first edition and
some new ones. The commonality they share is the diversity of their backgrounds: clini-
cal nutrition, medicine, immunology, infectious disease, epidemiology, public health
nutrition, anthropology, health policy, economics, and disaster planning.

The breadth of knowledge and information in this book should stimulate fresh thinking,
comprehensive and effective policies and programs, and continued research across
disciplines toward the goal of improving health and nutrition in developing countries.
This will bring us steps closer to our wider goals of solving major humanitarian crises
such as AIDS and achieving the vision of the world set forth in the MDGs.

Peter Piot, MD, Phd
Executive Director, UNAIDS
Under Secretary-General of the United Nations



Preface

Nutrition and Health in Developing Countries, Second Edition, was written with
the underlying conviction that global health and nutrition problems can be solved only
through a firm understanding of the different levels of causality and the interactions
between the various determinants. Although the book focuses on the problems in devel-
oping countries, we recognize that as a result of globalization, there is no longer a clear
distinction between health and nutrition problems between the developed and the less-
developed world. Emerging diseases such as HIV/AIDS, tuberculosis, and obesity show
how the world is connected, and that knowledge about health and nutrition problems is
also essential for professionals in developed countries. The objective of Nutrition and
Health in Developing Countries, Second Edition, is to provide policymakers, nutrition-
ists, students, scientists, and professionals with the most recent and up-to-date knowledge
regarding major health and nutritional problems in developing countries. This specific
knowledge is presented to facilitate an integrated approach to health research, programs,
and policy. As such, the approach represents the tension inherent in combining diverse
disciplines. This book is meant as a synthesis, and it is not meant as an exhaustive trea-
tise of all infectious diseases or every nutrient deficiency in developing countries as such
information is generally accessible in other textbooks.

We have greatly expanded the second edition to 34 chapters and have included new
chapters relevant to humanitarian emergencies, including a case study of the Indian
Ocean tsunami in 2004, food in humanitarian relief, food policy, the emerging role of
supermarkets in developing countries, homestead food production, aging, ethics, and
the adverse impact of parental tobacco use on child health in poor families. These new
chapters reflect the increasing complexity and changes that are occurring in developing
countries. The Millennium Development Goals of the United Nations call for major
progress in eradicating extreme poverty and hunger, in reducing child mortality, and in
improving maternal health; we hope that these chapters provide insight and solutions
that will help to attain these goals.

Nutrition and Health in Developing Countries, Second Edition, begins with a histori-
cal overview of the idea of nutrition and development, and shows how the concepts of
progress and development evolved from the Enlightenment and shaped the basic precepts
underlying work in nutrition and public health for the last two centuries. Many people
working in public health may be impressed by the conditions often found in developing
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countries today: high infant mortality, widespread malnutrition, goiter, tuberculosis, and
other health problems. However, similar conditions were faced by public health and policy
makers in the early 20th century in Europe and the United States. A better understanding
of nutrition and implementation of this new knowledge into policy helped to eradicate
many nutritional and infectious diseases. An appreciation of these historical examples
may help avoid “reinventing the wheel,” a phenomenon apparent in some nutrition and
health research conducted in developing countries today.

The first section of Nutrition and Health in Developing Countries, Second Edition,
focuses on the major health indicators in developing countries: maternal mortality, low
birth weight, neonatal mortality, infant mortality, and child growth and development. The
differences in mortality rates between developing countries and industrialized countries
are presented in these chapters and are striking, with the disparity greatest for maternal
mortality. In many circumstances, the application of known, effective interventions could
reduce the large disparities in mortality between developed and developing countries.

The second section of the book deals with major infectious diseases in which nutri-
tion plays arole: diarrheal diseases, acute lower-respiratory infections, measles, malaria,
tuberculosis, and HIV infection. There is a purposeful overlap between these chapters
on specific health problems and subsequent chapters on nutritional deficiencies (e.g., the
role of zinc in prevention and treatment of diarrheal diseases). This approach was used
to emphasize the different perspectives that may be taken either from the standpoint of
infectious disease or from a specific nutrient.

In the third section of the book, the general problem of malnutrition and specific
deficiencies in vitamin A, vitamin D, zinc, iron, and iodine and multiple-micronutrient
deficiencies are presented. Large advances have been made in our understanding of micro-
nutrient malnutrition in the last three decades. Vitamin A deficiency is a major cause of
childhood morbidity, mortality, and blindness in developing countries, and it is apparent
that many diverse approaches are needed to eliminate this problem. New research shows
that zinc deficiency is widespread, and that zinc supplementation can reduce morbid-
ity from diarrheal and respiratory diseases. Iron deficiency remains the most common
micronutrient deficiency among women and children worldwide, and its reduction will
be amajor challenge. The elimination of iodine deficiency disorders through widespread
use of iodized salt appears to be an attainable goal in the near future. As micronutrient
deficiencies often occur together due to limited consumption of good dietary sources,
there is a shift in focus to combating these deficiencies in combination.

The fourth section of the book deals with new emerging issues of countries in an
intermediate stage of development, such as the nutrition transition in which many
nutritional deficiencies decline and other health problems, such as obesity, diabetes,
and cardiovascular disease, become more prominent. Life expectancy is increasing in
most developing countries, which raises new concerns about nutrition in older adults.
Another pressing problem in developing countries is rapid urbanization, as observed in
large cities such as Mexico City, Lagos, Dhaka, and Jakarta, and there are new challenges
in achieving food and nutrition security in these settings. Although tobacco control has
not usually been considered a problem related to child health and survival, new findings
from Bangladesh, India, and Indonesia show that, among poor families, smoking diverts
precious resources from food to tobacco, with an adverse impact on quality of diet and
an associated higher level of child malnutrition and mortality of infants and children
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under 5 years old. In many countries, especially in Asia, the prevalence of smoking is
50% to 75%, which has serious implications for child health. Tobacco control is placed
front and center as a child survival strategy.

The fifth and final section of Nutrition and Health in Developing Countries, Second
Edition, deals with special topics such as humanitarian emergencies, the role of food
in humanitarian relief, homestead food production, how supermarkets are changing
agricultural economics and food security, food policy, benefits of multimicronutrient
supplements in children, use of nutritional surveillance data, ethics in public health
research, and the Indian Ocean tsunami of 2004 as a case example of emergency relief.
The book closes with a broad view on nutrition and health policy, analytical frameworks
for public policy analysis, and thoughtful insight into the development and implementa-
tion of sound public policy in public health and public nutrition.

During the preparation of this Second Edition, we were deeply saddened by the passing
of our friend and colleague, Francois Delange, the Executive Director of the Interna-
tional Council for Control of Iodine Deficiency Disorders. He was strongly dedicated
to the elimination of iodine deficiency disorders, and he will be greatly missed by the
international nutrition community.

We wish to thank our lovely series editor, Adrianne Bendich, for the kind support
and encouragement that she has been giving us over the last decade. Her enthusiasm
and breadth and depth of knowledge regarding the complex field of nutrition has been
an inspiration for all of us.

As editors, we are pleased to bring together this group of authors from diverse
backgrounds of clinical nutrition, medicine, immunology, infectious disease, epidemiology,
public health nutrition, anthropology, health policy, economics, and disaster planning.
We hope that this book will stimulate further thought, comprehensive and effective
policies and programs, and research across disciplines in the goal of improving health
and nutrition in developing countries to reach the Millennium Development Goals by
the year 2015.

Richard D. Semba, MD, MPH
Martin W. Bloem, MD, PhD
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1 Nutrition and Development:
A Historical Perspective

Richard D. Semba

1.1 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 19th 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
was relatively high in Europe, North America, and much of the rest of world. By the end
of the 20th 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].

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; for a more detailed
overview, the refer 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 focuses 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.

1.2 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
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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 genera-
tions 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 progres de [’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 when 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 the political and intellectual state of man was presumed to be in a course
of progressive improvement.

Instead of indefinite progress, Thomas Robert Malthus (1766—1834), a British
economist, predicted 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 subsist-
ence. Preventive checks on population included moral restraint, such as the postponement
of marriage and avoidance of extramarital relationships. Later, Malthus was to concede
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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 recommendations for sanitary,
social, and economic reforms were broad and based on the idea that medical police,
abenevolent 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
were 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 meaningless. 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 police
were to be responsible for ensuring that an abundant and pure food supply was avail-
able, 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 breast-feeding 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 developing countries—
implies the prevailing model, which is inextricably tied to the parlance of “developing”
and “developed” countries. This model for development implies that knowledge is
cumulative and that progress in nutrition and health generally proceeds in a linear fashion
in which the world is destined for improved nutrition, better health, more equity, and
greater justice. Such precepts are implicit in the mission of large organizations such as
the United Nations Children’s Fund, the World Health Organization (WHO), the United
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States Agency for International Development, the Overseas Development Agency, the
World Bank, and the Food and Agricultural Organization (FAO).

1.3 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 18th 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 19th 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 obser-
vations; 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 I’homme et le développement de ses facultés, ou Essai d’'une physique sociale
(On Man and the Development of his Faculties: An Essay on Social Physics), Quete-
let investigated different aspects of “social physics,” such as birth and death, height
and weight, health and disease. In this work, he elaborated the important concept that
the average man, or [’homme moyen, could be expressed mathematically [38]. Statis-
tics became the means to study the condition of the population, especially the working
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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 19th century
[40]. Francis Galton (1822-1911), an English scientist and explorer of Africa, origi-
nated the concepts of regression and correlation, tools that were being developed to
study heredity [41]. Karl Pearson (1857-1936), a statistician at University College,
London, continued to study the concepts of variation, 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 x> test
in 1900, and the ¢ test and its distribution was defined by W. S. Gosset (Student) in 1908
[43]. Analysis of variance derives from an article 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 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].

1.4 EARLY FOUNDATIONS OF PREVENTIVE MEDICINE

The modern movement in preventive medicine and public health largely began
in France in the first half of the 19th 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 psycho-
logical and social consequences of famine during the war [49]. Shortly after leaving
the military, Villermé showed, in a large demographic study of Paris, Recherches sta-
tistiques 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 Chateauneuf (1776-1862), a physician and contempo-
rary 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 epidemics. 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
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nutrition and disease [55, 56]. In 1765, a year after a terrible famine killed thousands
in the kingdom of Naples, Antonio Genovesi (1713-1769), a local leader of the
Enlightenment, expressed the proto-Malthusian idea that an equilibrium exists between
the population of the state and the availability of resources [57]. An attempt was made
to address such a relationship in a survey, which showed that there was widespread
nutritional deprivation in the kingdom, especially in rural areas. In one area, famine was
so common it was said that “fanto 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].

1.5 THE SANITARY IDEA

During the early industrialization of England, Jeremy Bentham (1748-1832), a writer
on jurisprudence 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 follower of Bentham, became secretary of the Royal Com-
mission to investigate the Elizabethan Poor Laws, legislation from the early 17th 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 population grew, the problems of urban overcrowding and deterioration of food,
sanitation, and housing became a major crisis by the 19th century. In 1842, Chadwick
published a 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 estab-
lished a general board of health, and legislation aimed at food adulteration, regulation
of slaughterhouses and other trades, water supplies, and sewers.

The sanitary movementin 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, reviewed
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.
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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-19th century [63].

1.6 CONTAGION VERSUS MIASMA

By the 19th century, epidemics of plague were gone from Europe, but other epidemic
diseases such as scarlet fever, typhoid, typhus, and measles continued in outbreaks.
Malaria was present in both Europe and the United States, and yellow fever was present in
the south of the United States. Great pandemics of cholera swept large parts of the world in
dates approximating 1817-1823, 1826-1837, 1846-1863, 1865-1875 [64], and later. The
theory that epidemic disease was caused by miasmas rising from decaying organic matter
was a dominant belief in the middle of the 19th century and a strong impetus behind the
reforms of the sanitarians [6, 9]. Another major theory of epidemic disease was the con-
tagionist 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
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 anesthetist [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—ypresumably averting
further deaths—but the epidemic was already in decline.
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Fig. 1.1. A Monster Soup Commonly Called Thames Water, by William Heath (1795-1840), circa
1828. Philadelphia Museum of Art: Gift of Mrs. William Horstmann. Reproduced with permission.

The contamination of the Thames by sewage and industrial waste was acknowledged by
aLondon 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]; 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].

1.7 ADVANCES IN MICROBIOLOGY

A further foundation for microbiological investigations was laid by Jacob Henle
(1809-1885), a pathologist in Zurich, who thought that conclusive proof for an organ-
ism 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 microbiol-
ogist, 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 19th
century was characterized by a rapid period of microbiological investigations, during
which descriptions were made of the organisms responsible for anthrax [79], malaria
[80], tuberculosis [81], and cholera [82]. Other organisms, including streptococcus,
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staphylococcus, Escherichia coli, the organisms responsible for leprosy and 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 19th 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 Massa-
chusetts 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 and 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.

1.8 NUTRITIONAL SCIENCE IN THE 19TH CENTURY

Modern nutritional science has early roots in experimental physiology in France at the
beginning of the 19th century, when ideas surrounding nutrition were subjected to examina-
tion by animal experimentation [86]. Frangois Magendie (1783—1855), professor of anatomy
at the College de France, attempted to differentiate between various kinds of food and made a
clear distinction between nitrogenous and nonnitrogenous foods [87]. In an early experiment
that hinted at the existence of vitamin A, Magendie found that dogs fed only sugar and dis-
tilled 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 substances 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”; the energy-yielding functions of
food were emphasized [92]. By the end of the 19th 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 [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
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diseases [95]. In the early 20th century, influential textbooks in nutrition put heavy
emphasis on the caloric value of food for human health [96, 97].

1.9 INFANT MORTALITY AND SOCIAL REFORM

In the late 18th 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
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Fig. 1.2. Epidemics of diarrheal disease in Paris described by Newman in 1906. Adapted from ref. 100.
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in cities of England, Europe, and the United States. Using data from Paris (Fig. 1.2)
and Finsbury, a poor area of England’s Bedfordshire where he worked as medical
officer of health, George Newman (1870-1948), argued that breast-fed infants suf-
fered 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 breast-
feeding. Newman argued that the infant mortality rate was gauge of the health of a
community, not the general death rate, and he considered it a sign of social degenera-
tion that Great Britain should have a falling overall death rate but little change in the
infant mortality rate over the proceeding 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 Francaise contre Mortalité Infantile
(1902), the German Union for the Protection of Infants (1908), and the American Associa-
tion for the Study and Prevention of Infant Mortality (1910). Among the measures sought
by these groups were the education of mothers, the promotion of breast-feeding, 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].

1.10 THE EMERGENCE OF THE VITAMINS

The late 19th and early 20th centuries were marked by the emergence of the vitamin
theory and the characterization of the vitamins. Although descriptions of scurvy, berib-
eri, 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 19th century
that major progress commenced in the characterization of vitamins and vitamin-
deficiency diseases.

In the 19th 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 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 plum-
meted 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
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Fig. 1.3. Vessels involved in Navy research on beri-beri by Kanehiro Takaki in the late 19th century.

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 that 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 disease 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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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 a puri-
fied 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 es-
sential 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 observa-
tions—expressed the belief that there were “unsuspected dietetic factors” besides proteins,
carbohydrates, fats, and minerals that were vital for 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 that idea that beriberi, scurvy, and pellagra were all nutritional
deficiency diseases [117]. Later, Eijkman and Hopkins jointly received the 1929 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

Fig. 1.4. Nicholai Ivanovich Lunin (1853-1937).
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needed to support the growth of rats [119, 120]. After a period of illness, Hopkins pub-
lished 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 “acces-
sory 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 vita-
mins A and D, leading to the initial belief that lack of fat-soluble A was responsible for
rickets [123, 124]. In 1922, it was shown that cod-liver oil contained both vitamins A,
an antixerophthalmic factor, and vitamin D, an antirachitic 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].

1.11 FURTHER RESEARCH ON NUTRITIONAL
DEFICIENCY DISEASES

Pellagra, a syndrome characterized by dermatitis, diarrhea, dementia, and death, was
described in Europe as early as the 18th century, and it was often ascribed to spoiled
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 20th 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 investiga-
tion in South Carolina implicated poor sanitation [134]. In 1914, Joseph Goldberger
(1874-1929), a physician in the US Public Health Service [135], conducted investiga-
tions 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 house-
hold 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].

After World War II, a controversy erupted over whether protein deficiency was a
major nutritional problem of developing countries [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 1 to 4 years old, weaned early, and fed entirely on white corn gruel. Initially,
it was thought that the condition was related to a deficiency of B complex vitamins, but
after the condition failed to respond to vitamins, it was considered a problem of protein
deficiency. International efforts were focused on closing the “protein gap” through
high-protein sources such as fish, soybeans, and peanuts. Efforts to market an infant
formula based on peanut flour ended when it was discovered that under humid, tropical
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conditions, carcinogenic aflatoxins were produced by fungi growing in the flour [139].
The importance of calories was realized when children with kwashiorkor recovered on
eating foods with relatively low protein but high energy content [140], and the term
protein-calorie malnutrition soon replaced protein malnutrition [141]. Concern was
raised that the problem of marasmus, which was more common owing to a decline in
breast-feeding, was being relatively neglected [142]. It was soon acknowledged that the
protein gap was a myth; the chief problem in developing countries lay in a “food gap
and an energy gap” or an issue of “quantity rather than quality of food” [143].

1.12 NUTRITIONAL IMMUNOLOGY

Nutritional immunology, the study of the relationship between nutrition and immunity,
was a discipline that arose largely during the early 20th century. Although it had been
observed over the centuries that famine would reduce an individual’s resistance to
epidemic diseases, more specific clues were provided with the advent of animal exper-
imentation using controlled diets. The recognition of specific vitamins and develop-
ments in immunology made it possible to study the effects of single or multiple vitamin
deficiencies on immune function. By the end of the 19th 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].

1.13 VITAMIN A AND REDUCTION OF CHILD MORTALITY

Two Danish physicians, the pediatrician Carl Bloch (1872-1952) and the ophthal-
mologist 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 their mortality 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 infec-
tion, 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. T.3), vitamin A underwent a period of intense clinical investigation.
Between 1920 and 1940, atleast 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 physi-
cian in London, showed that vitamin supplementation reduced the mortality of vitamin
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Fig. 1.5. Dr. Edward Mellanby (1884—1955).

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 popular-
ized by the pharmaceutical industry [155]. The US production and importation of cod-liver
oil totaled 4,909,622 pounds in 1929 [156]. In the early 1930s in England, the annual
consumption of cod-liver oil was 500,000 gallons [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 sup-
ported 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 obtain cod-liver oil.” [157,
159]. Two British physicians also supported the amendment in letters published in 7he
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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 popu-
lation, 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 until the late 1980s in clinical investigation of vitamin A as an
intervention to reduce morbidity and mortality [160].

In 1950, a joint expert committee on nutrition of the FAO and WHO recommended
that studies be made on the relationship of nutritional status to resistance against intes-
tinal 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 infec-
tion 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 and viral, parasitic,
and other infections was reviewed, and the present state of knowledge regarding the
effects of specific micronutrient deficiencies on immune function was presented. The
authors concluded:

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 immunol-
ogy, especially for vitamin A and for zinc research, in the last three decades of the 20th
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 immu-
nology have been made in the last 20 years or so, and many of these recent findings
regarding the relationship between micronutrients and immunity to infection are pre-
sented elsewhere in this book.

1.14 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 19th century, and cast iron replaced wrought iron and wood in many agricul-
tural implements. Introduction of new fodder crops for winter feeding helped better
animal husbandry. In France, railway construction was considered to be a vital factor
in improving the agricultural economy in the mid-19th century, and animal breeding,
crop rotation, and mechanization contributed to improve agricultural practice [164]. In
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England, 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 20th century [165]. Increased mechani-
zation 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 breed-
ing 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 19th century. Industrialized agriculture expanded in the beginning of the
20th century with the development of gasoline-powered tractors.

1.15 LONG-TERM TRENDS IN DIET

Available evidence suggests that the majority of the world’s population before 1800
consumed a diet below contemporary minimum standards of optimal nutrition [166]. In
France, the caloric intake of the average diet increased steadily during the 19th 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
schoolchildren, charities were founded to feed children in England. The Victorian work-
ing class diet was especially poor in quality and quantity [168]. Near the end of the 19th
century, over one in ten children attending London schools were estimated to habitually
go hungry [169].

Alarm was raised over the problem of inadequate nutrition when the report of the
Inter-Departmental Committee on Physical Deterioration was published 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 a 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 based on
newer knowledge of vitamins [172]. The value of milk was emphasized by the report,
and a study showed that provision of supplemental milk each day resulted in better
weight and height gain than occurred in 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 nutri-
tion 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
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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 the Adequacy of Diet in Relation to
Income; 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 4.5 million
people, consumed a diet deficient in all dietary constituents examined, and that the next
poorest, about 9 million people, had a diet adequate in protein, fat, and carbohydrates
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 aver-
age 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 mid-
dle class families in Great Britain [174]. Long-term analysis of nutritional status show
that height grew in the United Kingdom between the mid-19th century and 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 19th 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 1830-1870, the mean stat-
ure 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]; 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 using a combination of fear, hope, and guilt, the pharma-
ceutical and food industries promoted their products to mothers [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 has, as you truly say, been “transformed.” They don’t know what “mal-
nutrition” means nowadays. Everybody is undernourished in some degree a way, but
prevalent malnutrition is rare, whilst it used to be common. [186].

In The Building of a Nation’s Health in 1939, Newman identified adequate nutrition
as one of the “most powerful instruments” of preventive medicine [187].
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1.16 THE DECLINE OF MORTALITY

In The Modern Rise of Population (1976), Thomas McKeown (1912-1988) showed
that population grew in Europe since the mid-18th century, and he attributed the rise in
population largely to a reduction in deaths from infectious diseases [1]. The decline of
infectious disease mortality was occurring prior to the identification of specific patho-
gens, the widespread use of immunizations, the development of antibiotics, and the rise
of sophisticated, technologically based clinical medicine (Fig. 1.6). Improved nutri-
tion, greater food supplies, purification of water, better sanitation, and improved hous-
ing are among the main factors cited in the reduction of infectious disease morbidity
and mortality [2]. A close interrelationship among nutrition, infection, and hygiene was
acknowledged [2, 3], and McKeown’s conclusions were primarily based on observations
of infectious disease mortality rates from the late 19th century and later. These views
have become orthodox and influential in the debate regarding appropriate strategies for
reducing mortality in developing countries, and scientific findings of the last 20 years
from developing countries largely support McKeown’s contention that nutritional status
influences infectious disease morbidity and mortality.

Others have disputed some of McKeown’s conclusions, citing evidence that the rise
of population from the 16th century may have been primarily caused by an increase in
fertility rather than a decline in mortality [188], or that the relationship between nutri-
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tion 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 17th century, but given the
close relationship among socioeconomic level, education, housing, food, clean water,
sanitation, and hygiene, it has been difficult to separate specific causal factors [190-192].
During the same period, there was a probable reduction in exposure to pathogenic
organisms through changes in our environment [4], and over the last 200 years, there
has been a near disappearance of deficiency diseases that were once commonly 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.

1.17 GRADUATE EDUCATION IN PUBLIC HEALTH

The early sanitary reform efforts in the 19th century were dominated by nonmedi-
cal 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 in which the public health system was dominated by the medi-
cal 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 “medical
police” and “forensic medicine” were combined under the designation “‘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 20th 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 enor-
mously, 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 Joh