SECOND EDITION

Edited by
AN \" "‘v ARl el Yo

v e S o [
N Ty \ i \/
N oy BN AL I Rt RN AR A R



NUTRITION IN
§) THE PREVENTION
. AND TREATMENT
&\ OF DISEASE

SECOND EDITION

Edited by
ANN M. COULSTON

Nutrition Consultant
Mountain View, CA

CAROL |J. BOUSHEY

Department of Foods and Nutrition
Purdue University
West Lafayette, IN

‘ Q@f

ELSEVIER

AMSTERDAM e BOSTON e HEIDELBERG ¢ LONDON ¢ NEW YORK ¢ OXFORD
PARIS ¢ SAN DIEGO * SAN FRANCISCO © SINGAPORE * SYDNEY  TOKYO
Academic Press is an imprint of Elsevier



Elsevier Academic Press

30 Corporate Drive, Suite 400, Burlington, MA 01803, USA

525 B Street, Suite 1900, San Diego, California 92101-4495, USA
84 Theobald’s Road, London WC1X 8RR, UK

This book is printed on acid-free paper.

Copyright © 2008, Elsevier Inc. All rights reserved, except chapters 1, 2, and 16.
Chapters 1, 2, and 16 are in the public domain

No part of this publication may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopy. recording. or any information
storage and retrieval system, without permission in writing from the publisher.

Permissions may be sought directly from Elsevier’s Science & Technology Rights
Department in Oxford, UK: phone: (+44) 1865 843830, fax: (+44) 1865 853333,
E-mail: permissions(@elsevier.co.uk. You may also complete your request on-line
via the Elsevier homepage (http://elsevier.com), by selecting “Customer Support™
and then “Obtaining Permissions.”

Library of Congress Cataloging-in-Publication Data
Nutrition in the prevention and treatment of disease / edited by Ann M. Coulston, Carol J. Boushey. — 2nd ed.
p. ; cm.

Includes bibliographical references and index.

ISBN-13: 978-0-12-374118-9 (hardcover : alk. paper) 1. Dietetics. 2. Nutrition.
3. Diet in disease. 4. Diet therapy. I Coulston, Ann M. II. Boushey, Carol. .

[DNLM: 1. Diet Therapy-methods. 2. Nutrition Disorders—diet therapy.
3. Nutrition Disorders-epidemiology. 4. Nutrition Disorders—prevention & control.
5. Nutritional Support. WB 400 N97534 2008]

RM216.N875 2008

615.8'54-dc22

2007043040

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

ISBN 13: 978-012-374118-9

For all information on all Elsevier Academic Press publications
visit our Web site at www.books.elsevier.com

Printed in China
08 09 10 9 8 7 6 5 4 3 2 1

Working together to grow
libraries in developing countries

www.elsevier.com | www.bookaid.org | www.sabre.org

ELSEVIER BOOKAID o pe Foundation




NUTRITION IN
% THE PREVENTION
\ AND TREATMENT
& OF DISEASE

SECOND EDITION



o® Companion Web Site:
http://www.books.elsevier.com/companions/9780123741189

Nutrition in the Prevehtion and Treatment of Disease, Second Edition

by Ann M. Coulston and Carol J. Boushey

Resources for Professors:

* Figures from the book available as PowerPoint slides
* Links to web sites carefully chosen to supplement the content of the textbook

TOOLS rox AT ] 2O TEACHING NEEDS

textbooks.elsevier.com

ELSEVIER , , : =%

<

ACADEMIC
PRESS

To adopt this book for course use, visit http://textbooks.elsevier.com




We dedicate this book to our teachers and colleagues,
women and men who have dedicated their
professional lives to advance the field of nutrition science.



)
\

List of Contributors

MERLIN W. ARIEFDJOHAN, PhD, Department of Foods and
Nutrition, Purdue University, West Lafayette, IN

MARION TAYLOR BAER. PhD, RD, Department of Community
Health Sciences, School of Public Health, University of Califor-
nia, Los Angeles, and USC UCEDD, Department of Pediatrics,
University of Southern California, Los Angeles, CA

BRYAN C. BATCH, MD, Department of Medicine, Duke Univer-
sity Medical Center, Durham, NC

KATE BAUER, MS, Division of Epidemiology and Community
Health, School of Public Health, University of Minnesota, Min-
neapolis, MN

PETER L. BEYER, MS, RD, Department of Dietetics and Nutrition,

University of Kansas Medical Center, Kansas City, KS

CAROL . BOUSHEY, PhD, MPH, RD, Department of Foods and
Nutrition, Purdue University, West Lafayette, IN

BETTE . CAAN, Dr PH. Kaiser Permanente, Division of Research,
Oakland, CA

MONA S. CALVO, PhD, Center for Food Safety and Applied
Nutrition, Food and Drug Administration, Laurel, MD

REBECCA B. COSTELLO, PhD, Office of Dietary Supplements,
National Institutes of Health, Bethesda, MD

ANN M. COULSTON, MS, RD, Nutrition Consultant, Mountain
View, CA

DEBRA COWARD-MCKENZIE, MS, Department of Nutrition,
The University of North Carolina at Chapel Hill, Chapel Hill,
NC

LINDA M. DELAHANTY, MS, RD, LDN, MGH Diabetes Center,
Massachusetts General Hospital, Boston, MA

WENDY DEMARK-WAHNEFRIED, PhD, RD, Department of
Behavioral Science, MD Anderson Cancer Center, The University
of Texas, Houston, TX

MARIA DUARTE-GARDEA, PhD, RD, College of Health
Sciences, University of Texas at El Paso, El Paso, TX

JOHANNA DWYER, DSc, RD, Office of Dietary Supplements,
National Institutes of Health, Bethesda, MD, and Jean Mayer
Human Nutrition Research Center on Aging at Tufts University,
Boston, MA

XV

PHILIP M. FARRELL, MD, PhD, UW School of Medicine and
Public Health, Madison, WI~

JANIS S. FISLER, PhD, Department of Nutrition, University of
California at Davis, Davis, CA

JO L. FREUDENHEIM, PhD, RD, Department of Social and Pre-
ventive Medicine, State University of New York at Buffalo, Buf-
falo, NY

KAREN GLANZ, PhD, MPH, Department of Behavioral Sciences
and Health Education, Rollins School of Public Health, Emory
University, Atlanta, GA

REJEANNE GOUGEON, PhD, Crabtree Laboratory, Royal Vic-
toria Hospital, Montreal, QC, Canada

JESSICA GRIEGER, PhD, Department of Nutrition, Pennsylvania
State University, University Park, PA

ANNE BRADFORD HARRIS, PhD, MPH, RD, Waisman Center,
Department of Pediatrics, University of Wisconsin-Madison, WI

ROBERT P. HEANEY, MD, John A. Creighton University Profes-
sor, Creighton University, Omaha, NE

JOAN M. HEINS, MS, RD, LD, CDE, Division of Health Behavior
Research, Washington University School of Medicine, St. Louis,
MO

STEVE HERTZLER, PhD, RD, Ross Products Division, Abbott
Laboratories, Columbus, OH

JAMES O. HILL, PhD, Health Sciences Center, University of
Colorado at Denver and Health Sciences Center, Denver, CO

KARRY A. JACKSON, BS, Bartlett, IL

ASKER E. [EUKENDRUP, PhD, Human Performance Laboratory,
School of Sport and Exercise Sciences, University of Birmingham,
Edgbaston, United Kingdom

RACHEL K. JOHNSON, PhD, MPH, RD, Cals Deans Office, The
University of Vermont, Burlington, VT

JAMES A. JOSEPH, PhD, USDA Human Nutrition Research Cen-
ter on Aging, Tufts University, Boston, MA

LAURENCE N. KOLONEL, MD, PhD, Epidemiology Program,
Cancer Research Center of Hawaii, University of Hawaii, Hono-
lulu, HI



xvi Contributors

PENNY M. KRIS-ETHERTON, PhD, RD. Department of Nutrition,
Pennsylvania State University, University Park, PA

ALAN R. KRISTAL, PhD, Cancer Prevention Program, Fred Hutch-
inson Cancer Research Center, Seattle, WA

HUICHUAN |]. LAI, PhD, RD, School of Medicine and Public
Health, Madison, W1

JOHANNA W. LAMPE, PhD, RD, Cancer Prevention Program,
Fred Hutchinson Cancer Research Center, Seattle, WA

JENNY H. LEDIKWE, PhD, Department of Nutrition, Pennsylvania
State University, University Park, PA

DAVID A. LEVITSKY, PhD, Department of Psychology, Division
of Nutritional Sciences (DNS), Cornell University. Ithaca, NY

PAO-HWA LIN, PhD, Department of Medicine, Duke University
Medical Center, Durham, NC

ROBERT MARCUS, MD, Professor Emeritus, Department of Med-
icine, Stanford University, Stanford, CA

JULIE A. MARES, PhD, Department of Ophthalmology and Visual
Sciences, University of Wisconsin School of Medicine and Public
Health, Madison, W1

RICHARD D. MATTES, PhD, MPH, RD, Department of Foods and
Nutrition, Purdue University, West Lafayette, IN

MEGAN A. MCCRORY, PhD, Department of Foods and Nutrition
and Department of Psychological Sciences, Purdue University,
West Lafayette, IN

AMY E. MILLEN, Social and Preventive Medicine, State Univer-
sity of New York at Buffalo, Buffalo, NY

JOHN A. MILNER, PhD, National Cancer Institute, Division of
Cancer Prevention, National Institutes of Health, US Department
of Health and Human Services, Bethesda, MD

SUZANNE P. MURPHY, PhD, RD, Cancer Research Center of
Hawaii, University of Hawaii, Honolulu, HI

MAUREEN. A. MURTAUGH, PhD, RD, Department of Internal
Medicine, Division of Epidemiology, University of Utah, Salt
Lake City, UT

MARIAN L. NEUHOUSER, PhD, RD, Cancer Prevention Program,
Fred Hutchinson Cancer Research Center, Seattle, WA

DIANNE NEUMARK-SZTAINER, PhD, MPH, RD, Division of
Epidemiology and Community Health, School of Public Heath,
University of Minnesota, Minneapolis, MN

MIHAI D. NICULESCU, MD, PhD, Department of Nutrition,
School of Public Health, University of North Carolina at Chapel
Hill, Chapel Hill, NC

JOSE M. ORDOVAS, PhD, Nutrition and Genomics Labora-
tory, Jean Mayer USDA HNRCA, Tufts University, Boston,
MA i

SONG-YI PARK, PhD, Epidemiology Program, Cancer Research
Center of Hawaii, University of Hawaii, Honolulu, HI

RUTH E. PATTERSON, PhD, RD, Cancer Prevention Program,
Fred Hutchinson Cancer Research Center, Seattle, WA

GEORGE PERRY, PhD, College of Sciences, University of Texas at
San Antonio, San Antonio, TX

MICHELLE PIETZAK, MD, Department of Pediatrics, University
of Southern California Keck School of Medicine, Los Angeles,
CA

CHERYL L. ROCK, PhD, RD, Department of Family and Preven-
tive Medicine, School of Medicine, University of California at San
Diego, La Jolla, CA

SARAH TAYLOR ROLLER. JD, RD, MPH, Covington & Burling
LLP, Washington, DC

BARBARA |. ROLLS, PhD, Department of Nutrition, Pennsylvania
State University, University Park, PA

MICHAELL ROUSSELL, BS, Department of Nutrition, Pennsyl-
vania State University, University Park, PA

EDWARD SALTZMAN, MD, Energy Metabolism Laboratory,
Jean Mayer USDA HNRCA, Tufts University, Boston, MA

DENNIS A. SAVAIANO, PhD, Department of Foods and Nutri-
tion, College of Consumer and Family Sciences, Purdue Univer-
sity, West Lafayette, IN

NANCY A. SCHONFELD-WARDEN, MD, Department of Pedi-
atrics, University of California at Davis, Davis, CA

HELEN M. SEAGLE, MS, RD, Weight Management, Kaiser Per-
manente, Denver, CO

HAROLD E. SEIFRIED, PhD, DABT, National Cancer Institute,
Division of Cancer Prevention, National Institutes of Health, US
Department of Health and Human Services, Rockville, MD

NANCY E. SHERWOOD, PhD, Division of Epidemiology and
Community Health, School of Public Health, University of

Minnesota HealthPartners Research Foundation, Minneapolis,
MN

BARBARA SHUKITT-HALE, PhD, Human Nutrition Research
Center on Aging, Jean Mayer USDA, Tufts University, Boston,
MA

MARTHA L. SLATTERY, Division of Epidemiology, Department
of Medicine, University of Utah, Salt Lake City, UT

MARK A. SMITH, PhD, School of Medicine, Pathology, Case
Western Reserve University, Cleveland, OH

LINDA G. SNETSELAAR, PhD, RD, Department of Epidemiology,
Department of Community and Behavioral Health, Preventive
Nutrition Education, College of Public Health, University of
lowa, lowa City, IA

MARCIA L. STEFANICK, PhD, Stanford Prevention Research Cen-
ter, Department of Medicine, Stanford University School of Med-
icine, Stanford, CA

CHARLES B. STEPHENSEN, PhD, USDA Western Human Nutri-
tion Research Center, University of California at Davis, Davis,
CA

MARY STORY, PhD, RD, Division of Epidemiology and Commu-
nity Health. School of Public Health, University of Minnesota,
Minneapolis, MN



FABRIZIS L SUAREZ, MD, PhD, FACN, Ross Products Division,
Medical Safety & Surveillance Abbott Laboratories, Columbus,
OH

AMY F. SUBAR, PhD, MPH, RD, Division of Cancer Control and
Population Sciences, National Cancer Institute, Bethesda, MD

LAURA P. SVETKEY, MD, MHS, Department of Medicine, Divi-
sion of Nephrology, Duke University Medical Center, Durham,
NC

FRANCES E. THOMPSON, PhD, MPH, Division of Cancer Con-
trol and Population Sciences, National Cancer Institute, Bethesda,
MD

CRISTINE M. TRAHMS, MS, RD, FADA, Center on Human
Development and Disability, Department of Pediatrics, University
of Washington, Seattle, WA

Contributors xvii

CONNIE M. WEAVER, Department of Foods and Nutrition, Pur-
due University, West Lafayette, IN

JENNIFER WEBB, MS, RD, Childrens Hospital, Los Angeles, CA

SUSAN . WHITING, PhD, College of Pharmacy and Nutrition,
University of Saskatchewan, Saskatoon, SK, Canada

HOLLY R. WYATT, MD, Health Sciences Center, University of
Colorado at Denver and Health Sciences Center, Denver, CO

STEVEN H. ZEISEL, MD, PhD, Director of the UNC Nutrition
Institute, School of Public Health, University of North Carolina
at Chapel Hill, Chapel Hill, NC



)
\

Preface to the First Edition

The purpose of this text is to provide an update of current
knowledge in clinical nutrition and an overview of the
rationale and science base of its application to practice in
the treatment and prevention of disease. The text addresses
basic principles and concepts that are central to the major
clinical nutrition-related activities, such as nutritional
assessment and monitoring, current theoretical base and
knowledge of efficacious interventions, interactions
between genetic and nutritional factors, and the use and
interpretation of population-based or clinical epidemiologi-
cal evidence. The various roles of clinical nutrition and

current knowledge of nutrition in the prevention and treat- -

ment of major disease-specific conditions are also
reviewed, with an emphasis on past and current scientific
evidence that supports these roles. New areas of interest and
study are also discussed, with the perspective that the appli-
cation of the scientific method is by definition an evolu-
tionary process.

Treatment of the disease diabetes mellitus provides an

excellent and current example of treatment evolution. In
the early part of the 20th century, before the discovery of
insulin by F. G. Banting and C. H. Best in 1921, the
treatment of choice for individuals with diabetes mellitus
was morphine for pain abatement along with a very
restricted, starvation diet. When insulin injections became
available, dietary protocols were developed. Initially, diet-
ary treatment was based on food exchange lists that
encouraged prescribed intakes of carbohydrate, protein,
and fat. Recent research from the Diabetes Control and
Complications Trial and a similar research trial in the
United Kingdom has been the base for the current dietary
management emphasizing blood glucose monitoring
throughout the day and individualized adjustment of car-
bohydrate ingestion and insulin injection in individuals
who require insulin therapy. Nutrition intervention plays
a major role in the management of the patient with
diabetes mellitus and in the treatment of the disease and
the prevention or delay of complications.

Another essential role for nutrition intervention is in the
prevention of cancer. Cancer represents a disease con-
tinuum, and at all stages, from primary prevention to

Xix

treatment, nutrition is a key factor. As discussed in the
section highlighting nutrition and major cancer types, an
explosion of new knowledge has identified nutrition as a
major factor in the etiology and progression of disease.
Nutrition is the process by which the human body
utilizes food for the production of energy, for the main-
tenance of health, for growth, and for the normal func-
tioning of every organ and tissue. Clinical nutrition is the
study of nutrition and diet as related to the development
and treatment of human disease. Nutrition is an interdis-
ciplinary field of study, built on a foundation of biome-
dical and behavioral sciences. Clinical nutrition is the
aspect of nutrition science that is related to the develop-
ment, progression, or management of disease, as differ-
entiated from the issues of normal requirements, cellular
functions and activities, and various topics that must be
addressed in meeting basic requirements to enable normal
growth and development. : 3
Areas of study that contribute to knowledge in clinical
nutrition include the disease-relevant biochemistry,
metabolism, and activities of nutrients and dietary factors
within the tissues and cells; the bioavailability and utiliza-
tion of nutrients from various food sources, as disease risk
or diagnosis may influence these factors; the regulation and
compartmentalization of nutrients in the body; the attitudes
about food and the eating patterns and behaviors of the
targeted individual or group; the technology of food science
and specialized or modified food products; and the technol-
ogy involved in providing adequate and appropriate nutri-
ents or foods to individuals and various community-based
or institutionalized groups. Other aspects of clinical nutri-
tion include the development and evaluation of nutrition
education efforts; the development of nutrition policies,
guidelines, and practice standards that affect the goals and
objectives of government and private health agencies, pro-
fessional practice groups, and health-related organizations;
and the design and implementation of individual, clinical,
and community-based nutrition and diet interventions. Clin-
ical nutrition interventions range in scope from efforts to
maintain health during short-term illness, to optimization of
health status in individuals at risk for or diagnosed with
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chronic diseases, to major nutritional and diet modifications
as specific or adjuvant treatments for disease. Clinical
nutrition encompasses primary, secondary, and tertiary dis-
ease prevention, in addition to management of disease.

Dietary intake or nutritional status may be altered as a
result of disease or by the treatment modalities that are
utilized, such as surgical treatments, or medical manage-
ment strategies, such as drugs. The altered needs must be
met by dietary or nutritional interventions in order to pre-
vent malnutrition and the associated consequences, which
would contribute to overall morbidity and mortality. Also,
nutrition intervention can be a critical component of disease
prevention, an important aspect of disease management, or
the primary treatment for disease. A complicating factor is
that people generally eat food, rather than nutrients, so that
the practical and psychosocial aspects of diet modification
and food or food product availability must be considered in
any nutrition intervention, whether individual or commu-
nity based and irrespective of whether the goal is primary
prevention or disease treatment.

As in any area of the biomedical sciences, the impor-
tance of science-based activities and practices cannot be
understated. Clinical nutrition concepts and practices that
can become popular with either the lay public or profes-
sionals are sometimes based on the type of scientific evi-
dence that cannot truly support the rationales and practices,
regardless of how standard and common they might be.
Popular theories may be generated by observational epide-
miological studies, case series, or anecdotal reports, all of
which lack the capability of truly demonstrating a causative
or efficacious role for the nutritional factor. Such studies
are useful for generating hypotheses, but the apparent asso-
ciations between diets and disease may be confounded by
uncontrolled or unmeasured factors and other determinants

of health and disease. Unproven diet therapies exist for the
treatment of numerous conditions, and many aspects of
common nutrition interventions are sorely in need of testing
in an appropriate research design. As in any other aspect of
disease prevention and treatment, the use of nutrition inter-
ventions or diet therapies should be based on a scientific
rationale and sound data, not on anecdotal experience. The
scientific basis for clinical nutrition needs to expand con-
siderably in order to fully support claims for the efficacy of
many of the common activities and interventions, and pro-
gress in this area is being made.

Our definitions of diseases need to further evolve to bring
greater clarity and improve precision of treatment. As gene—
diet interactions are scientifically delineated, laser-sharp
therapies may be applied to specific individuals. For the
public, however, generating and analyzing data that sum-
marize dietary intake and its association with disease will be
valuable tasks in both treating disease and developing dis-
ease prevention strategies. Well-designed focused screening
will be an aid in disease detection, and well-founded medical
nutrition therapies can minimize disease development and
related complications. Providing scientifically sound, crea-
tive, and effective nutrition interventions can be challenging.
In so doing, however, we will serve the public good.

It is our goal to update our knowledge and its application
through updated editions of this text. In addition, we plan to
provide online access to relevant new findings and their
import to nutrition in the prevention and treatment of dis-
ease. It is our goal to raise the bar for both understanding
and treatment.

Ann M. Coulston
Cheryl L. Rock
Elaine R. Monsen
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Preface to the Second Edition

Like with the first edition of this text, our purpose is to
provide a compilation of current knowledge in clinical
nutrition and an overview of the rationale and science
base of its application to practice in the prevention and
treatment of disease. The first section addresses basic prin-
ciples and concepts that are central to clinical nutrition
research methodology. Because nutrition information is
gathered from a variety of study designs, research meth-
odology, epidemiology, and intervention studies are
reviewed, coupled with data analysis, intervention techni-
ques, and application of behavioral principles to nutrition
intervention. The use of biomarkers to monitor nutrition
intervention is an example of a rapidly expanding field in
research methodology. Throughout these chapters, new
areas of study are discussed with the perspective that the
application of the scientific method is by definition an
evolutionary process. Specific examples, drawn from
recently published reports, bring the principles to life.

The second section covers areas of study that contribute
to knowledge in clinical nutrition, including disease-
relevant biochemistry, metabolism, dietary factors within
tissues and cells, and attitudes about food and the eating
patterns and behaviors of targeted individuals or groups.
This section presents a rich array of topics that cover areas
of general interest with several new topics of nutrition
relationships.

Clinical nutrition is the aspect of nutrition science that
is related to the development, progression, or manage-
ment of disease, as differentiated from the issues of
normal requirements, cellular functions, and activities.
Interventions range from efforts to maintain health during
short-term illness, to optimization of health status in
individuals at risk for or diagnosed with chronic diseases,
to major nutritional and dietary modifications as specific
or adjuvant treatments for disease. The first condition
addressed is the ever-growing concern with overweight
and obesity. As with many of the following disease
groups, this grouping begins with a chapter on the genet-
ics of human obesity and moves on to issues related to
treatment, role of physical activity, nutrient-related con-
siderations, childhood and adolescent issues, and environ-
mental queues controlling energy intake.

Cardiovascular disease, also a condition closely related
to nutrition, is summarized in three chapters that examine
genetic considerations; lipid disorders, and hypertension.
Closely related to obesity and cardiovascular disease is
diabetes mellitus. It is interesting how many of the clinical
nutrition areas interrelate—obesity is a risk factor for car-
diovascular disease and diabetes, whereas diabetes is an
independent risk factor for cardiovascular disease. Dietary
intake or nutritional status may be altered as a result of
disease or by the treatment modalities that are used, such as
surgical treatments or medical management strategies,
including prescription medications. The altered needs
must be met by dietary or nutrition interventions in order
to prevent malnutrition and the associated consequences
that contribute to morbidity and mortality.

Nutrition intervention can be a critical component of
disease prevention, an important aspect of disease manage-
ment, or the primary treatment for disease. This is exem-
plified by the chapters dealing with cancer, beginning again
with a discussion of the genetic components, followed by-a
discussion of malignancies that have connections to nutri-
tion and specific nutrients. Gastrointestinal diseases, espe-
cially the newer knowledge about diet and microflora of the
gastrointestinal tract, demonstrate the importance of food
choices in disease prevention, treatment, and management.
The bone health chapters cover three important topics
linked by the nutrients calcium and vitamin D and tell an
important story of the value of early nutrition on health in
later years.

Generating and analyzing data that summarize dietary
intake and its association with disease are valuable tasks in
treating disease and developing disease prevention strate-
gies. Well-founded medical nutrition therapies can mini-
mize disease development and related complications.
Providing scientifically sound, creative, and effective nutri-
tion interventions is challenging and rewarding. We plan to
update our knowledge and its application through future
editions of this text.

Ann M. Coulston
Carol J. Boushey
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