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Series Preface

The Nutrition and Health series of books has, as an overriding mission, to
provide health professionals with texts that are considered essential because
each includes: (1) a synthesis 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(s) 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 interna-
tional perspective, especially with regard to public health initiatives, is empha-
sized 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.

“Nutrients, Dietary Supplements and Nutriceuticals: Cost Analysis versus
Clinical Benefits,” edited by Ronald R. Watson, Ph.D., Joe K. Gerald, M.D.
Ph.D. and Victor Preedy, Ph.D. exemplifies the goals of the Nutrition and Health
Series. Unlike many other books in the Series, this text provides a critical assess-
ment of the economic value of dietary interventions studies. Each of the editors
has extensive experience in nutrition research and cost analysis and the com-
bined experiences in academia and clinical practice in the US as well as Europe
provides a broad perspective on the role of food and food components, diet and
diet modifications, nutrients, and many of the nonessential components of the
diet on the economic impact of health and disease maintenance.

The editors have chosen 56 internationally recognized experts who are
active investigators on the impact of overall diet and individual dietary constituents
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on diseases and environmental stressors in different age groups, in different
countries throughout the world, and in both sexes and the subsequent effects on
health economics. This important, unique text provides practical, data-driven
assessments of the cost effectiveness of nutritional interventions and the
volume provides the reader with over 2,000 up-to date references and more
than 150 well-organized tables and figures that assist the reader in evaluating
the health economics associated with the use of vitamins and minerals and
other dietary constituents, such as probiotics, long-chain fatty acids, conju-
gated linoleic acid, certain traditional Chinese medicines, plant polyphenols,
tannins, and many other components of foods. Moreover, the critical value of
nutrition for at-risk populations including those living with cancer, allergies
and/or asthma, autoimmune diseases, the very young, and the very old are
extensively reviewed in several unique chapters.

Each chapter begins with comprehensive bulleted Key Points followed by
the list of key words, and includes an overview and historic review, examina-
tion of the literature with critical focus on comparisons between studies:
discussion of the chemical composition of actives where appropriate and
conclusions and perspectives on future research areas. The overarching goal of
the editors is to provide fully referenced information to health professionals so
they may have a balanced perspective on the value of many dietary components
that are routinely consumed by patients and clients with the hope that healthy
diets and prudent use of supplements and nutriceuticals can reduce overall
healthcare costs. This important volume provides health professionals with
balanced, data-driven answers to numerous questions about the validity of the
science to date and also provides researchers with opportunities to clarify areas
where many questions still exist about the effectiveness of specific nutrients/
dietary factors on health outcomes and costs of disease prevention as well as
treatment.

The editors have organized the volume into six sections that reflect the
breadth and depth of current knowledge in the area of dietary factors that affect
health and the cost effectiveness of improving nutritional status. In the first
introductory section the editors have wisely included four chapters that exam-
ine cost effectiveness from a number of perspectives including nutritional
options such as fortification, supplementation, and taxation of certain foods
while providing subsidies for other, healthier choices. Areas reviewed include
the calculation of daily adjusted life years (DALY) and a concept of the least-
cost diet containing the minimal daily requirements recommended by national
bodies. Unique areas of focus include an analysis of the potential effects of
economic incentives on reduction of maternal and childhood under-nutrition.
The second section on Influences on Preventive Nutrition Strategies includes
three related chapters that describe the complex influences on choosing a
healthy diet. Two chapters concentrate on fruit and vegetable choices and agree
that price as well as economic status affect the purchase of fruits and vegeta-
bles. In depth analyses suggest that food price elasticity is of greater impor-
tance in lower and middle income families. Data from China, Brazil, as well as
the United States are included. The third chapter examines the influence of
ethnicity on the purchase of foods and food patterns. Social psychology models
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are used and the theory of planned behavior is discussed as an example of how
ethnicity can affect generations of dietary intakes. The third section provides
in-depth, separate chapters devoted to the Potential for Cost Effectiveness with
Food Interventions that are examined in four chapters. Two chapters discuss
the potential for specific foods to be cost effective for children. Development
of a lactose-free porridge that can be used as a ready to use therapeutic food in
African malnourished children was found to be cost effective in reducing hos-
pital stays. The use of fluoridated milk in needy children who already are pro-
vided milk in Chile has also been shown to be cost effective for reducing costs
associated with dental care of young children. A broader based program is
described for the US underprivileged children entitled the Supplemental
Nutrition Assistance program (SNAP) managed by the USDA. By providing
children nutrient dense foods and educational materials to parents, this pro-
gram has shown that it is cost effective to be pro-active about nutrition. In
contrast to these three programs, it is difficult to establish the cost effectiveness
of nutrition interventions including increases in calcium and vitamin D intakes
for improving bone health in children as a means to reduce the costs associated
with osteoporosis. Perhaps an alternative strategy would be to look at the
association of this intervention and reduction in costs of forearm fractures in
prepubertal girls.

The fourth section on Antioxidant Nutrient and Bioactive Food Component
Interactions: Potential Economic Benefits includes four chapters that examine
the common thread of the importance of optimal antioxidant intakes through-
out the lifespan for reducing disease risks and the dermal evidence of aging.
One chapter provides a broad overview of the major dietary antioxidants and
their concentrations in foods; the chemical structures of these important bioac-
tive molecules are also included. There is a separate, in-depth chapter on zinc
and its critical role as an antioxidant as well as a critical component of nonan-
tioxidant enzymes. Options for enhancing zinc levels in the food supply are
provided including genetic modification of plants with the goal of enhancing
childhood immunity and enhancing the activity of tumor suppressor genes.
Another source of antioxidant potential is reviewed in a chapter on a traditional
medicine and food source from the hibiscus plant, Roselle. Teas made from
parts of the plant have been used as an antioxidant, and also as an antibacterial
especially in Mexico and other nations. The final chapter in this section is
unique in its comprehensive review of the products used reduce the risk and
treat the dermal signs of aging. There is an extensive discussion of the oxida-
tive damage caused by UV light exposure and the importance of lifetime
intakes of antioxidant rich diets to reduce environmental dermal damage.
Authors of these chapters have been particularly inclusive and objective; exten-
sive references to the published literature are provided.

The fifth section looks mainly at the Economic Effects of Dietary
Components in Disease and Prevention Therapy in five chapters. Three of the
chapters review the antiviral, antibacterial, antifungal, and anticarcinogenic
properties of native plants that have been used as food sources and/or as medic-
inals. In-depth descriptions of the plants and the components identified as con-
taining the bioactive component and its function are provided for more that 50
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distinct plants. One possible way to utilize the antimicrobial properties of plant
components is being utilized in food animal production practices. The use of
citrus peels that are fed to livestock before slaughter to reduce food-borne
pathogens before these enter the food supply is carefully described in another
unique chapter. Secondary disease prevention and/or reduction in disease and
surgical complications are examined in the last two chapters in this section.
Chronic kidney disease is often a consequence of diabetes that is also often
linked to obesity. Dietary changes to reduce cholesterol levels and insulin sen-
sitivity can include supplementation with omega-3 fatty acids, antioxidants,
B vitamins, and newer plant compounds that have been shown to be beneficial
such as those from the olive leaf. These strategies have resulted in cost effec-
tive avoidance of dialysis and kidney transplants. Another proven cost effective
strategy is the provision of preoperative immunonutrition formulas that contain
arginine, omega-3 fatty acids, nucleotides, and other beneficial nutrients.
Documentation of cost effectiveness has been shown in gastric cancer surgery
patients and is reviewed in the final chapter in this section.

The final section of the volume contains eight chapters that examine the
Cost Effectiveness of Dietary Intervention in Cardiovascular Disease and
Diabetes. The economic value of the DASH diet is examined for hypertension
reduction as well as a means to reduce the costs of care post myocardial infarc-
tion. Also, the WHO’s evaluation of the global consequences of obesity and
noncommunicable diseases are examined from a public health perspective.
Changes in food industry choices and incentives for community health initia-
tives are reviewed. Diabetes prevalence is increasing globally and the potential
for low glycemic, high satiety foods to enhance glycemic control are described
in detail in two chapters. The third related pragmatic chapter provides practice
guidelines and compilations of lifestyle interventions in prediabetics as well as
for those with diabetes. The last two chapters explore the new findings from
preliminary studies that examine the potential for a plant-based supplement to
reduce the microvascular complications associated with diabetes and cardio-
vascular diseases and compare the cost effectiveness of this intervention with
standard pharmacological agents.

Thus, it is clear that this volume contains a wealth of information concern-
ing the potential for dietary interventions to reduce the costs associated with
disease treatments. Additionally, the editors and authors have focussed on
assisting those who are unfamiliar with the field of health economics in under-
standing the critical issues and important new research findings that can impact
their fields of interest. Drs. Watson, Gerald, and Preedy have carefully chosen
the very best researchers from around the world who can communicate the
economic advantage of dietary components for both the maintenance of health
and disease management. The authors have worked hard to make their infor-
mation accessible to health professionals interested in public health, those
practicing in medical specialties from pediatrics to geriatrics, those in general
medical practice, health economists, public health practitioners, nurses, phar-
macists and PharmD.s, educators, graduate students as well as nutrition-related
allied health professionals.

In conclusion, “Nutrients, Dietary Supplements, and Nutriceuticals: Cost
Analysis versus Clinical Benefits,” edited by Ronald Ross Watson, Ph.D.,
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Joe K. Gerald, M.D., and Victor R. Preedy, Ph.D. provides health professionals
in many areas of research and practice with the most up-to-date, well refer-
enced volume on the economic value of dietary intervention in evaluation of
the importance of dietary factors for optimal health. This volume will serve the
reader as the most authoritative resource in the field to date and is a very
welcome addition to the Nutrition and Health Series.

Adrianne Bendich, Ph.D., FACN
Series Editor






Preface

Food and nutrition are vital keys to controlling morbidity and mortality from
many chronic diseases affecting humankind. For millennia the relationship
between famine and subsequent death due to disease has been known. Clearly
food can be a key preventative agent for such dietary insufficiency—induced
diseases. In the past decade, simple and very cheap vitamin A supplements not
only prevented ocular damage but extended lifespan in children in developing
countries. Documentation of the economic benefits of such dietary remedies is
vital to their use in countries where there are insufficient health facilities and
where adult diseases may take priority. In industrialized countries the cost to
treat one person with a chronic disease like AIDS would pay for nutritional
supplements preventing growth and development problems in thousands of
children. Both are worthwhile but not always economically possible. Thus this
book is crucial as it helps to document for health care agencies and individuals
whether various dietary supplements, nutrients and/or bioactive extracts pro-
mote health in a cost-effective manner or not.

Biomolecules in dietary fruits and vegetables play crucial roles in health
maintenance as well as in dietary supplements. They certainly could have dif-
ferent actions beyond their nutrient value in health promotion. For decades, it
has been appreciated that oxidative pathways can lead to tissue damage and
contribute to pathology. Fortunately, nature has provided us the mechanisms
found predominately in plants to defend against such injury. Antioxidant nutri-
tional agents have consequently attracted major attention and rightfully deserve
to be studied carefully for possible beneficial roles. One of the main reasons for
the interest in antioxidant agents in dietary vegetables, and their products, is
their virtually complete lack of harmful side effects. This stands in stark con-
trast to many drugs that are promoted and studied for possible disease-preven-
tive activity. However, are such bioactive molecules potent enough with an
appropriate cost to be economically viable in health promotion? This book
documents the potential cost-benefit relationship between major diseases and
significant dietary supplements.

The US National Cancer Institute reports that only 18% of adults have the
recommended intake of vegetables. Increasingly, Americans, Japanese, and
Europeans are turning to the use of dietary vegetables, medicinal herbs, and
their extracts or components to prevent or treat cancer. It has been known for
decades that those populations with high vegetable consumption have reduced

Xi
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risks of cancer and other diseases. However, which extracts or components are
best to prevent disease or promote health? Some may be useful in experimental
studies but the expenses of the supplements may outweigh the benefits. The
goal of this book is to examine key ones for which health benefits are known to
estimate their economic efficacy or lack thereof.

This book brings together experts working on the different aspects of sup-
plementation, foods, economics and plant extracts and their potential for health
promotion and disease prevention. Their expertise and experience provide the
most current knowledge to promote future research. The conclusions and rec-
ommendations from the various chapters will provide a basis for using dietary
supplements for which there is an economic rationale. By using vegetable
extracts people can dramatically expand their exposure to protective dietary
components and thus readily reduce their risk of multiple diseases. Specific
foods, individual fruits or vegetables and their by products are reviewed in
order to expand understanding and appropriate use. Yet are the benefits worth
the increased costs of vegetables and their extracts? If so for which diseases?
Which supplements are economically beneficial in treatment and/or
prevention?

Plant extracts as dietary supplements are now a multi-billion-dollar busi-
ness, built upon moderate research data. The bioactive extracts constitute many
non-traditional medicines. In many cases these materials have been largely
unregulated with limited requirements to show efficacy let alone economic
efficiency compared to pharmaceutical drugs. Recently the US Food and Drug
Administration has pushed this industry, with the support of Congress, to base
its claims and products on scientific research. Therefore, the key area of dietary
herbal medicine in this book will focus on efficacy or lack thereof in health
promotion with emphasis on their economic benefits. Since common dietary
vegetables and over-the-counter extracts are readily available, this book will be
useful to health providers who treat clients and modify their lifestyles, as well
as to the growing nutrition, food science, and natural product community.
Increasingly, the lay public is requesting advice and is using more bioactive
natural products in treatment and prevention of certain diseases including can-
cer, encouraging the medical community to become more knowledgeable. This
book focuses on the growing body of knowledge on the role of diet, supple-
ments and various dietary plants in reducing disease and whether the cost of
such dietary changes equals or exceeds their economic benefits. As such the
book will be essential reading for nutritionists, pharmacologist, health care
professionals, research scientists, cancer workers, pathologists, molecular or
cellular biochemists, physicians, general practitioners as well as those inter-
ested in diet and nutrition.

Our overall goal is to provide the most current, concise, scientific appraisal
of the cost-benefits of nutritional supplements and bioactive components
(nutriceuticals) of foods in improving the quality of life. The basic outline of
the book involves concise chapters in sections: (A) Introduction and Overview
which focuses on economics design in nutrition policy and value of dietary
supplements; (B) Influences on Preventive Nutrition Strategies which
focuses on benefits of fruits and vegetables versus costs; (C) Cost-benefits of
Food Interventions which range from dental caries to malnourished children;
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(D) Nutrients and Bioactive Food Components and Interactions: Economic
Benefits which focuses on items such as natural antioxidants and zinc relative
to their costs; (E) Economic Effects of Dietary Components in Disease and
Prevention Therapy which focuses on cost benefits of citrus and vegetables on
cancer and viruses; and (F) Cost Effectiveness of Dietary Intervention in
Cardiovascular Disease and Diabetes which is the major section and shows
the importance of dietary supplements relative to their costs. The excellent
volunteer work of a wide variety of experts is greatly appreciated as it made
this book possible.
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