BTy nap ednlcatalog/ 277 himl

We ship printed books within 1 business day; personal PDFs are available immediately.

Diet and Health: Implications for Reducing Chronic

w Disease Risk

DIET Committee on Diet and Health, National Research

s Council
ANDEI |\ 0.300-588316, 768 pages, 8.5 x 11, (1989)
H EA LTH This PDF is available from the National Academies Press at:

Neglcations h.ttp.LbAMML_nap_edJ.LLca.talagﬂ_zzz_hlm]

[y T

[l
[T

Visit the National Academies Press online, the authoritative source for all books
from the National Academy of Sciences, the National Academy of Engineering,
the Institute of Medicine, and the National Research Council:

e Download hundreds of free books in PDF

Read thousands of books online for free

Explore our innovative research tools — try the “Research Dashboard” now!
Sign up to be notified when new books are published

Purchase printed books and selected PDF files

Thank you for downloading this PDF. If you have comments, questions or
just want more information about the books published by the National
Academies Press, you may contact our customer service department toll-
free at 888-624-8373, visit us online, or send an email to
feedback@nap.edu.

This book plus thousands more are available at http://www.nap.edu.

Copyright © National Academy of Sciences. All rights reserved.

Unless otherwise indicated, all materials in this PDF File are copyrighted by the National
Academy of Sciences. Distribution, posting, or copying is strictly prohibited without

written permission of the National Academies Press. Request reprint permission for this book.

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine



http://www.nap.edu/catalog/1222.html
http://www.nap.edu
http://www.nas.edu/nas
http://www.nae.edu
http://www.iom.edu
http://www.nationalacademies.org/nrc/
http://lab.nap.edu/nap-cgi/dashboard.cgi?isbn=0309068371&act=dashboard
http://www.nap.edu/agent.html
http://www.nap.edu
mailto:feedback@nap.edu
http://www.nap.edu
http://www.nap.edu/v3/makepage.phtml?val1=reprint
http://www.nap.edu/catalog/1222.html

DIET AND HEALTH
Committee on Diet and Health
Food and Nutrition Board
Commission on Life Sciences
National Research Council
NATIONAL ACADEMY PRESS
Washington, D.C. 1989

Implications for Reducing Chronic Disease Risk

hronic Disease Risk

"uonnguile Joj UOISISA aAllejIoyIne ay) se uoneolgnd sy} Jo uoisiaa juud sy} asn
asea|d ‘pauasul A|jejuaplooe uaaq aAey Aew siolis olydelbodAy swos pue ‘paulelal ag jouued ‘Janamoy ‘Bunewloy oyoads-buiasadAy Jayjo pue ‘sajAis Buipeay ‘syealq piom ‘syibus| aull ‘eulblo ay) 0y
anJ) ale syealq abed "so|ij BumesadAy [euibluio ay) wolj Jou ‘Yooq Jaded [euiblLo 8y} wolj payeslo saji X Wol pesodwosal usaqg sey yiom jeulblio sy} jo uonejuasaidal [e)ibip mau syl :8J 4ad Sl Inoqy

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1222.html

o
=}
2

=
o
2
@
2]

X
[
)
2

S
o
(o)
@

o
@

o

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

<

s
£
S

E

-
o
e

i~
o
o)

a
=
0]
o
I
o

©

£

2
=
o
o

<

=1
£
o
2

E

°
9]

)
@
)
2
G
0

Qo

=

-

=

X
£
o
2

E

°
[0
%]
o
Q.
£
9
o
)
2
C
[0
o)

o]
(%2}
@

c

=~
<
o
2

©
£

2
=
o
o

<

=]

b
o
c

kel

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

B2

c

'_

é

=

L

[a]

o

R

<

=]
=
=}
o

a

<

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

to the original; line lengths, word breaks, heading styles

use the print version of this publication as the authoritative version for attribution.

hronic Disease Risk

NATIONAL ACADEMY PRESS 2101 CONSTITUTION AVENUE, NW WASHINGTON, DC 20418

NOTICE: The project that is the subject of this report was approved by the Governing Board of the National Research Council, whose mem-
bers are drawn from the councils of the National Academy of Sciences, the National Academy of Engineering, and the Institute of Medicine.

The members of the committee responsible for the report were chosen for their special competences and with regard for appropriate balance.

This report has been reviewed by a group other than the authors according to procedures approved by a Report Review Committee consisting
of members of the National Academy of Sciences, the National Academy of Engineering, and the Institute of Medicine.

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distinguished scholars engaged in scientific and
engineering research, dedicated to the furtherance of science and technology and to their use for the general welfare. Upon the authority of
the charter granted to it by the Congress in 1863, the Academy has a mandate that requires it to advise the federal government on scientific
and technical matters. Dr. Frank Press is president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the National Academy of Sciences, as a parallel
organization of outstanding engineers. It is autonomous in its administration and in the selection of its members, sharing with the National
Academy of Sciences the responsibility for advising the federal government. The National Academy of Engineering also sponsors engineer-
ing programs aimed at meeting national needs, encourages education and research, and recognizes the superior achievements of engineers.
Dr. Robert M. White is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to secure the services of eminent members of
appropriate professions in the examination of policy matters pertaining to the health of the public. The Institute acts under the responsibility
given to the National Academy of Sciences by its congressional charter to be an adviser to the federal government and, upon its own initia-
tive, to identify issues of medical care, research, and education. Dr. Samuel O. Thier is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 to associate the broad community of sci-
ence and technology with the Academy's purposes of furthering knowledge and advising the federal government. Functioning in accordance
with general policies determined by the Academy, the Council has become the principal operating agency of both the National Academy of
Sciences and the National Academy of Engineering in providing services to the government, the public, and the scientific and engineering
communities. The Council is administered jointly by both Academies and the Institute of Medicine. Dr. Frank Press and Dr. Robert M. White
are chairman and vice chairman, respectively, of the National Research Council.

The study summarized in this publication was supported by funds from the National Research Council Fund, a pool of private, discre-
tionary, nonfederal funds that is used to support a program of Academy-initiated studies of national issues in which science and technology
figure significantly. The NRC Fund consists of contributions from a consortium of private foundations including Carnegie Corporation of
New York, Charles E. Culpeper Foundation, William and Flora Hewlett Foundation, John D. and Catherine T. MacArthur Foundation,
Andrew W. Mellon Foundation, Rockefeller Foundation, and Alfred P. Sloan Foundation; the Academy Industry Program, which seeks
annual contributions from companies that are concerned with the health of U.S. science and technology and with public policy issues with
technological content; and the National Academy of Sciences and National Academy of Engineering endowments. The study was also sup-
ported by W.K. Kellogg Foundation, The Henry J. Kaiser Family Foundation, Pew Charitable Trusts, Fannie E. Rippel Foundation, and
Occidental Petroleum Corporation.

Library of Congress Cataloging-in-Publication Data
National Research Council (U.S.). Committee on Diet and Health. Diet and health : implications for reducing chronic disease risk / Commit-
tee on Diet and Health, Food and Nutrition Board, Commission on Life Sciences, National Research Council.
p. cm.
Includes bibliographies and index.

ISBN 0-309-03994-0

1. Chronic diseases—Nutritional aspects. I. Title.

[DNLM: 1. Chronic Disease. 2. Diet. 3. Health. 4. Risk Factors. QU 145 N2761d]
RC108.N38 1989
613.2—dc20
DNLM/DLC
for Library of Congress 89-3261

CIP

Copyright © 1989 by the National Academy of Sciences

No part of this book may be reproduced by any mechanical, photographic, or electronic process, or in the form of a phonographic record-
ing, nor may it be stored in a retrieval system, transmitted, or otherwise copied for public or private use, without written permission from the
publisher, except for the purposes of official use by the U.S. government.

Printed in the United States of America First Printing, July 1989 Second Printing, May 1990 Third Printing, May 1991 Fourth Printing, July
1992 Fifth Printing, March 1993

Cover photographs:
Paul Robert Perry/UNIPHOTO (black-eyed peas); Peter Beck/lUNIPHOTO (fish); Hanley and Savage/UNIPHOTO (milk); Peter Beck/
UNIPHOTO (fruits; vegetables); Gordon E. Smith/UNIPHOTO (bread); Renee Comet/UNIPHOTO (basket).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1222.html

o
>
2
=
0]
)
©
]
X
®©
(&)
o
Q0
(0]
(o))
©
o
@
o
2
()]
£
=
(O]
(2]
(]
[oN
>
=
w
£
=
g
(@]
(0]
e
=
£
[e]
S
£
=
o
C
=
o
o
Ke)
-
[0}
Q.
©
(o8
w
£
k=
g
o
(]
K
<
£
(@]
=
i)
]
o
(3]
(&)
o
o
[%2]
Q
2
-
=
<
£
(@]
=
e
]
(2]
o
Q.
£
(o]
[&]
(]
0
C
]
(3]
Ke)
2]
©
<
x
=
o
2
w
£
>
g
(o]
(]
E
=z
(@]
[
k)
2
©
o
C
(O]
(2]
0]
o
Q.
0]
]
T
=
=
©
2
(0]
[
@
o
'_
s
2
[T
[m]
o
@
e
<
=
>
o
Q
<

(0]
(2]
4]
o
o
5
(0]
©
(0]
(2]
£
>
IS
8
c
[0
o
Q
(]
[v]
C
[0}
[0
Ke)
[0
>
[0]
N
>
(0]
€
[2]
2
o
o
=
(0]
XS}
<
Q.
[0
©
(2]
o
o
>
=
(0]
=
o
(2]
©
C
(]
=
(0]
=
©
o)
(0]
o
[0}
Ke]
-
[e]
c
C
(]
[&]
.
[0
>
[}
2
o
<
-
C
=
(]
=
£
RSl
ko)
=
[$]
[0}
Q.
P
[®)]
C
=
(0]
[}
[0
o
>
=
-
(0]
L
<
(o]
T
C
(]
@
92
>
=
)
()]
£
©
s3]
(0]
<
4
x
4]
(0]
o
o
e)
o
o
2
&
<
S
()]
C
K]
[0
£
]
£
=
2
o
(0]
<
£
o
el

o
hel
=

=1
o
=
£

©
=

[}
Rel

c
kel

7

&2

o

>

[}
=
E=

©
3
i=

e}
<
S

=1

®©

[0}
<
=

»

©

c
hel
=

T
Rl
s}

>

a
2
<=
=
h

s}

c
kel

7]

&2

o

>
=

c
=

S

©
<
=

©

7}

S

hronic Disease Risk

iii

Dedication

The Committee on Diet and Health dedicates this report to the late Lucille Hurley, a diligent and enthusiastic member of
the committee who made an invaluable contribution to this study, and to the American people, whose demonstrated interest
and concerns about how diet affects their health inspired us to undertake this effort. We hope that this detailed assessment of
the data will facilitate an understanding of the complex interrelationship between diet, chronic diseases, and health, and
enhance the potential for reducing the risk of chronic diseases.
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Preface

In the first half of the twentieth century, research in human nutrition was concerned primarily with the role of essential
nutrients, particularly vitamins, in human deficiency diseases. It was not until the end of World War II that nutrition research
in human populations in the United States focused on the role of diet in chronic diseases, such as coronary heart disease and
cancer. The link forged by these later epidemiologic studies was strengthened by complementary evidence from laboratory
studies. In the last decade, the wealth of information provided by these studies has been used by U.S. government agencies
and other expert groups to propose dietary guidelines aimed at reducing the risk of one or more chronic diseases among North
Americans.

Although there has been increasing consensus among various groups on many of the dietary guidelines, there remains a
lack of agreement on several specific points. Our incomplete knowledge about the multiple environmental and genetic factors
that determine chronic disease risk, specifically dietary and nutritional risk factors, the imprecision in methods for assessing
nutrient and dietary status, and the differences among target groups and the objectives of recommendations proposed by
many expert groups have all contributed to the variability in dietary guidelines. Furthermore, there has been insufficient
documentation of the scientific bases underlying the conclusions and recommendations and the criteria used to derive them.

In recent years, the public has-been confronted with a plethora of information on diet and its association with chronic
diseases without guidance on how to separate fact from fallacy. The National Research Council's Food and Nutrition Board in
the Commission on Life Sciences recognized this dilemma and the need to address the important issue of the role of diet in
the etiology and prevention of the major causes of morbidity and mortality in the United States. In 1984, the Board
established the Committee on Diet and Health to undertake a comprehensive analysis of the scientific literature on diet and
the spectrum of major chronic diseases and to evaluate the criteria used to assess the strength of the evidence on associations
of diet with health. This report is the result of this critical and detailed analysis and is the first of a systematic series of reports
to be issued in a pattern similar to the Board's Recommended Dietary Allowances (RDAs)—a periodic review that provides
guidelines on the desirable amounts of essential nutrients in the diet.

The three major objectives of this study were:

* to develop criteria for systematically evaluating the scientific evidence relating dietary components, foods, food
groups, and dietary patterns to the maintenance of health and to the reduction of risk of chronic disease;
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* to use these criteria to assess the scientific evidence relating these same factors (dietary components, foods, food
groups, and dietary patterns) to health and to the reduction of chronic disease risk; and

+ on the basis of this assessment, to propose dietary guidelines for maintaining health and reducing chronic disease risk,
to suggest directions for future research, and to provide the basis for periodic updates of the literature and guidelines
as new information on diet and health is acquired. The 19-member interdisciplinary committee appointed to conduct
the study was assisted by one adviser and two Food and Nutrition Board liaison members. Collectively, the
Committee on Diet and Health included expertise in such disciplines as biochemistry, biostatistics, clinical medicine,
epidemiology, foods and food consumption patterns, human genetics, metabolism, various aspects of nutrition, public
health, and toxicology. During the course of the study, the committee examined data on the association between diet,
health, and chronic disease, focusing on coronary heart disease, peripheral arterial disease, stroke, hypertension,
cancer, obesity, osteoporosis, diabetes mellitus, hepatobiliary disease, and dental caries. Whenever possible, the
committee looked directly at primary sources of data contained in the literature. Works of other evaluative bodies, for
example, the Surgeon General's Report on Nutrition and Health published in 1988 and Dietary Guidelines for
Americans published in 1985 by the Departments of Agriculture and Health and Human Services, were important
secondary sources of information. By drawing from the vast and diverse epidemiologic and laboratory data base, the
committee has attempted to ensure a comprehensive and critical review. Thus, the conclusions and recommendations
throughout this report are supported by a detailed discussion of the basis underlying them.

The committee held 13 meetings during which it evaluated the literature and prepared its general review and summary.
A public meeting convened at the outset of the study served as a forum for open discussion and presentation of views and
information by the public and by representatives of the food industry, consumer groups, and scientists.

In the early stages of the study, the committee conducted five workshops during which it interacted with and shared the
expertise and research findings of a larger community of scientists. These workshops provided committee members an
opportunity to consider new or controversial data and all valid scientific points of view and to identify gaps in knowledge.
The subjects considered in the workshops included the role of vitamins, minerals, and trace elements in chronic disease risk;
the importance of genetic factors in selected diet-related chronic diseases; the association of energy, fiber, and carbohydrates
with chronic disease; pediatric diet and the risk of adult chronic disease; and criteria for formulating dietary guidelines.

The committee's report is presented in four parts. Part I (Introduction, Definitions, and Methodology) offers four
introductory chapters in addition to the Executive Summary (Chapter 1). These chapters highlight the methods and criteria
used by the committee as well as the major conclusions and dietary recommendations, their bases, and their implications.
Chapter 2 presents the criteria for evaluating the evidence linking diet and chronic disease. The strengths and weaknesses of
methodologies for assessing dietary intake as well as those of specific kinds of studies (both human and animal) designed to
assess diet-health relationships are reviewed. Trends in, and assessment of, food consumption patterns and the nutritional
status of the U.S. population are discussed in Chapter 3. In Chapter 4, the committee discusses the role of genetics in nutrition
and how genetic and environmental factors interact to influence diet-associated risks of chronic disease. Chapter 5 presents
the rationale for selecting the major diet-related chronic diseases addressed in this report and provides an overview of the
extent and distribution of those diseases in the United States. In Part II of this report (Evidence on Dietary Components and
Chronic Diseases), the criteria described in Chapter 2 provide the basis of a review of the evidence by nutrients. The 13
chapters in that section (6 through 18) summarize the epidemiologic, clinical, and laboratory data pertaining to each nutrient
or dietary factor and the chronic diseases identified by the committee. Nutrient interactions and mechanisms of action are
discussed where applicable. Part III (Impact of Dietary Patterns on Chronic Diseases) briefly reassembles the evidence
relating nutrients to specific chronic diseases or conditions and comments on the importance of diet relative to nondietary risk
factors in the etiology of those diseases. Part IV (Overall Assessment, Conclusions, and Recommendations) contains two
chapters. Chapter 27 presents the committee's conclusions, along with a summary of the process, criteria, and scientific bases
underlying them. Chapter 28 presents the

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1222.html

o
=}
2

=
o
2
@
2]

X
[
)
2

o
o
(o)
@

o
@

Q2

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

e

=
£
S

E

-
o
e

X
o
o)

e
=
0]
o
I
o

©

£

2
=
o
o

°

=
£
o
2

E

O
9]

)
@
)
2
G
0

Q2

©=

—

=

X
£
o
2

E

O
[0
%]
o
Q.
£
9
o
)
2
C
[0
o)

Ko]
(%2}
@

N

X
<
o
2

©

£

2
=
o
o

=

=]

b
o
c

9

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

Q2

=

'_

RO

©=

L

)

o

R4

°

=

=
=}
o

!

<

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

to the original; line lengths, word breaks, heading styles

use the print version of this publication as the authoritative version for attribution.

hronic Disease Risk

PREFACE Xi

committee's dietary recommendations and the rationales for each, as well as a detailed discussion of how the
recommendations compare to those issued in the past by other expert groups and the bases for similarities and dissimilarities
among these. Also contained in this section is an in-depth discussion of the potential risks and public health benefits of the
committee's dietary recommendations.

The committee hopes this report will be a useful resource document for scientists in academia and industry, for the
general public, and for policymakers. Furthermore, it believes that the nine dietary recommendations presented in Chapter 28
and in the Executive Summary (Chapter 1) can be implemented within the framework of the current U.S. lifestyle.
Collaboration among government agencies, the food industry, health professionals (physicians, nutritionists, dietitians, and
public health personnel), educational institutions, leaders in mass media, and the general public is encouraged to attain this
goal.

The committee greatly appreciates the hard work and organization provided by the Food and Nutrition Board staff
headed by Dr. Sushma Palmer and consisting of Drs. Christopher Howson, Farid Ahmed, and Susan Berkow, Mrs. Frances
Peter, Mr. Aldon Griffis, Ms. Marian Millstone, Ms. Dorothy Majewski, Ms. Avis Harris, Ms. Michelle Smith, and Mrs. Elsie
Sturgis.

The committee is also greatly indebted to Dr. Charles Lieber of the Bronx Veterans Administration Medical Center for
his major contribution to the chapter on alcohol and to the many people who served as consultants, as advisers, and in other
resource capacities. Many of these people drafted manuscripts for consideration by the committee, presented their views at
the public meeting, or upon request, commented on drafts, presented data, or engaged in discussions during committee
meetings, conferences, or workshops. Specifically, the committee expresses its thanks to Dr. Norman Bell, Veterans
Administration Medical Center, Charleston; Dr. Peter Bennett, National Institutes of Health; Dr. Gerald Berenson, Louisiana
State University Medical School; Dr. Jan Breslow, Rockefeller University; Dr. Raymond Burk, University of Texas Health
Sciences Center; Dr. Ritva Butrum, National Institutes of Health; Dr. Tim Byers, State University of New York; Dr. T. Colin
Campbell, Cornell University; Dr. James Carlos, National Institute of Dental Research; Dr. Marie Cassidy, George
Washington University; Dr. George Christakis, University of Miami School of Medicine; Dr. Charles Davidson,
Massachusetts Institute of Technology; Dr. William Dietz, New England Medical Center; Dr. Jean Durlach, Hospital Cochin;
Dr. Johanna Dwyer, Francis Stem Nutrition Center; Dr. S. Boyd Eaton, Emory University; Dr. R. Curtis Ellison, University
of Massachusetts Medical Center; Dr. Gail Eyssen, University of Toronto; Dr. L. Jack Filer, Jr., Executive Director of the
International Life Sciences Institute-Nutrition Foundation; Dr. Michael Goldblatt, McDonald's Corporation; Dr. Clifford
Grobstein, University of California, San Diego; Dr. Scott Grundy, University of Texas Health Sciences Center; Dr. Suzanne
Harris, Deputy Assistant Secretary for Food and Consumer Services; Dr. Robert Heaney, Creighton University; Dr. Dwight
Heath, Brown University; Dr. D. Mark Hegsted, Harvard University; Dr. Richard Hillman, Washington University Medical
School; Dr. Paul Hochstein, University of California; Dr. Michael Holick, Tufts Human Nutrition Research Center; Dr. Paul
Hopper, General Foods Corporation; Dr. Edward Horton, University of Vermont; Dr. Thomas Hostetter, University of
Minnesota; Dr. Michael Jacobson, Center for Science in the Public Interest; Dr. Norman Kaplan, University of Texas; Dr.
Carl Keen, University of California, Davis; Dr. Ahmed Kissebah, University of Wisconsin; Dr. Leslie Klevay, USDA-Human
Nutrition Research Center; Dr. David Klurfeld, Wistar Institute; Dr. William Knowler, National Institutes of Health; Dr.
Stephen Krane, Harvard University Medical School; Dr. Peter Kwiterovich, Johns Hopkins University; Dr. Orville Levander,
USDA-Human Nutrition Research Center; Dr. A. Harold Lubin, American Medical Association; Dr. Lawrence Machlin,
Hoffman-LaRoche, Inc.; Dr. Aaron Marcus, New York Veterans Administration Medical Center; Dr. Alvin Mauer,
University of Tennessee; Dr. Paul McCay, Oklahoma Medical Research Foundation; Dr. Janet McDonald, Food and Drug
Administration; Dr. J. Michael McGinnis, Department of Health and Human Services; Dr. Donald McNamara, University of
Arizona; Dr. Judy Miller, Indiana University School of Medicine; Dr. John Milner, University of Illinois; Dr. William Mitch,
Emory University School of Medicine; Dr. Curtis Morris, University of California, San Francisco; Dr. Janice Neville, Case
Western Reserve University; Dr. Ralph Paffenberger, Stanford University; Mr. Richard Peto, University of Oxford; Dr.
Ernesto Pollitt, University of California, Davis; Dr. Gerry Reaven, Stanford University; Dr. Floyd Rector, University of
California, San Francisco; Dr.
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Lawrence Resnick, New York Hospital-Cornell Medical Center; Dr. Irwin Rosenberg, Tufts University; Dr. Paul Saltman,
University of California, San Diego; Dr. Raymond Schucker, Food and Drug Administration; Dr. William Schull, University
of Texas; Dr. Noel Solomons, Institute of Nutrition of Central America and Panama; Dr. Charles Sing, University of
Michigan Medical School; Dr. Michael Stem, University of Texas Health Science Center; Dr. Ira Tabas, Columbia
University; Dr. Paul R. Thomas, Institute of Medicine; Dr. Michael Tuck, University of California, Los Angeles; Dr. Myron
Weinberger, Indiana University; Dr. Sidney Weinhouse, Temple University School of Medicine; Ms. Clair Wilson, Council
for Research Planning in Biological Sciences and the Vegetarian Society of D.C.; Dr. Richard Wurtman, Massachusetts
Institute of Technology; and Dr. Catherine Woteki, National Center for Health Statistics.

Finally, the committee would like to thank the staff of the library of the National Academy of Sciences for their
invaluable assistance in preparing this report and the staff of the National Academy Press, especially Chief Manuscript Editor
Richard Morris, who herded this volume through production. Special acknowledgment is due to Dr. Richard J. Havel,
Chairman of the Food and Nutrition Board, and other board members for their expert advice, oversight, and constant
encouragement over the course of this 3.5-year study.

ARNO G. MOTULSKY
CHAIRMAN
COMMITTEE ON DIET AND HEALTH
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1—

Executive Summary

The twentieth century has witnessed noticeable shifts in the direction of nutrition programs, policy, and research in
industrialized nations—from identification and prevention of nutrient deficiency diseases in the first three decades of the
century to refinement and application of knowledge of nutrient requirements in the subsequent two decades. In the second
half of the century, emphasis on nutrient deficiency diseases decreased as the major causes of mortality shifted from
infectious to chronic diseases. Attention then turned to investigating the role of diet in the maintenance of health and the
reduction of the risk of such chronic diseases as heart disease and cancer. Subsequently, epidemiologic, clinical, and
laboratory research demonstrated that diet is one of the many important factors involved in the etiology of these diseases.
During the past few decades, scientists have been faced with the challenge of identifying dietary factors that influence
specific diseases and defining their pathophysiological mechanisms. Simultaneously, public health policymakers, the food
industry, consumer groups, and others have been debating how much and what kind of evidence justifies giving dietary
advice to the public and how best to mitigate risk factors on which there is general agreement among scientists.

PURPOSE, APPROACH, AND SCOPE OF THE STUDY

This study on diet, chronic diseases, and health was launched in an effort to address the scientific issues that are
fundamental to nutrition policy on reducing the risk of these diseases. The Committee on Diet and Health was appointed to
conduct the study within the Food and Nutrition Board of the National Research Council's Commission on Life Sciences. The
committee began with the understanding that lack of consensus on the role of diet in the etiology of chronic diseases derived
partly from incomplete knowledge and partly from the absence of generally accepted criteria for interpreting the evidence. It
also noted that the totality of the evidence relating dietary components to the entire spectrum of major chronic diseases had
yet to be examined systematically. Several reports issued to date have addressed many issues of public health importance.
However, most have not been sufficiently comprehensive and have not crossed the boundary separating the simple
assessment of dietary risk factors for single chronic diseases from the complex task of determining how these risk factors
influence the entire spectrum of chronic diseases—atherosclerotic cardiovascular diseases, cancer, diabetes, obesity,
osteoporosis, dental caries, and chronic liver and kidney diseases.
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This report attempts to cross that boundary. It complements the recent Surgeon General’s Report on Nutrition and
Health and other efforts of government agencies and voluntary health and scientific organizations by providing an in-depth
analysis of the overall relationship between diet and the full spectrum of major chronic diseases.

In this report, the committee reviews the evidence regarding all major chronic public health conditions that diet is
believed to influence. It draws conclusions about the effects of nutrients, foods, and dietary patterns on health, proposes
dietary recommendations that have the potential for diminishing risk, and estimates their public health impact.

The committee focuses on risk reduction rather than on management of clinically manifest disease. It recognizes,
however, that the distinction between prevention or risk reduction and treatment may be blurred in conditions where dietary
modification might delay the onset of clinical diseases (e.g., the cardiovascular complications in diabetes mellitus) or might
slow the progression of impaired function; therefore, conditions such as these are addressed, but only briefly. The committee
defined risk reduction broadly to include decreased morbidity as well as mortality from chronic diseases and believes that
consideration should be given to dietary modification to reduce the risk for both. The difficulty of quantifying the role of diet
in the etiology of chronic diseases and the potential public health impact of dietary modification are discussed in Chapters 2
and 28.

In Chapter 2, the committee presents criteria for assessing the data from single studies and explains its procedure for
evaluating the overall evidence. Special attention is given to the role of nutrient interactions and to the assessment of benefits
and risks in arriving at conclusions and formulating dietary recommendations. Throughout the report, the committee
recognizes that genetically dependent variability among individuals, and variability due to age, sex, and physiological status,
may all affect physiological requirements for nutrients, responses to dietary exposures, the risk of chronic diseases, and
consequently the effectiveness of dietary recommendations in reducing the risk of chronic diseases. The report addresses in
detail the risks that apply to the general population and comments on the feasibility of defining risks for subpopulations and
individuals with different susceptibilities. Finally, the committee discusses the limitations of data on diet-disease
relationships, emphasizes the necessarily interim nature of its conclusions and recommendations, and proposes directions for
research.

CRITERIA FOR ASSESSMENT

The strengths and weaknesses of different kinds of clinical, epidemiologic, and laboratory studies and the methodologies
for dietary assessment are reviewed in Chapter 2. To the extent possible, the committee evaluated data from studies in
humans as well as in animals. It noted that ecological correlations of dietary factors and chronic diseases among human
populations provide valuable data but cannot be used alone to estimate the strength of the association between diet and
diseases. The effect of diet on chronic diseases has been most consistently demonstrated in comparisons of populations with
substantially different dietary practices, possibly because it is more difficult to identify such associations within a population
whose diet is fairly homogeneous. Thus in general, associations within populations based on case-control and prospective
cohort studies underestimate the association. In intervention studies, long exposure is usually required for the effect of diet on
chronic disease risk to be manifested. Furthermore, the strict criteria for selecting participants in such studies may result in
more homogeneous study samples, which limit the applicability of results to the general population. Despite the limitations of
various types of studies in humans, the committee concluded that repeated and consistent findings of an association between
certain dietary factors and diseases are likely to be real and indicative of a cause-and-effect relationship.

Experiments on dietary exposure of different animal strains can take genetic variability into account and permit more
intensive observation. However, extrapolation of data from animal studies to humans is limited by the ability of animal
models to simulate human diseases and the comparability of absorption and metabolic phenomena among species. The
committee placed more confidence in data derived from studies on more than one animal species or test system, on results
that have been reproduced in different laboratories, and on data that indicate a dose-response relationship.

The committee concluded that assessments of the strength of associations between diet and chronic diseases cannot
simply be governed by criteria commonly used for inferring causality in other areas of human health. Faced with the special
characteristics of studies on nutrients, dietary patterns, and chronic diseases, the commit
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tee first assessed the strengths and weaknesses of each kind of study and then evaluated the total evidence against six criteria:
strength of association, dose-response relationship, temporally correct association, consistency of association, specificity of
association, and biologic plausibility. Finally, it assessed the overall strength of the evidence on a continuum from highly
likely to very inconclusive. Overall, the strength, consistency, and preponderance of data and the degree of concordance in
epidemiologic, clinical, and laboratory evidence determined the strength of the conclusions in this report.

Integration of the Overall Evidence

In Section II of this report, Evidence on Dietary Components and Chronic Diseases (Chapters 6 through 18), the
committee uses the approach described briefly above and more fully in Chapter 2. Throughout this section, the committee
considers the epidemiologic, clinical, and experimental data pertaining to each nutrient or dietary factor and specific chronic
diseases, including cardiovascular diseases, specific cancers, diabetes, hypertension, obesity, osteoporosis, hepatobiliary
disease, and dental caries. Nutrient interactions and mechanisms of action are discussed where applicable.

In Section III, Impact of Dietary Patterns on Chronic Diseases, the evidence relating nutrients to specific chronic
diseases and diet-related conditions is briefly reassembled and leads to the committee's conclusions on the role of dietary
patterns in the etiology of the diseases and assessment of the potential for reducing their frequency and severity. These
conclusions are drawn directly from the research data, where the evidence pertains to dietary patterns or foods and food
groups, or from extrapolations from the evidence on individual nutrients. In its overall review and integration of the evidence,
the committee moved from a consideration of individual nutrients to foods, to food groups, and then to dietary patterns as
they relate to the spectrum of chronic diseases.

CRITERIA AND PROCESS FOR FORMULATING DIETARY RECOMMENDATIONS

Absolute proof is difficult to obtain in any branch of science. As evidence accumulates, however, it often reaches the
point of proof in an operational sense, even though proof in an absolute sense may be lacking. In law, proof beyond a
reasonable doubt is generally accepted as a standard for making decisions and taking action. The degree of evidence as well
as the severity of the crime are the bases for the relative intrusiveness of legal actions taken, e.g., issuing a warning for a
misdemeanor compared to the imposition of severe penalties for a felony.

A similar paradigm can be applied to evidence on dietary patterns and associated health risks. For example, public
education might be sufficient to warn against the potential hazard of excess caffeine intake, whereas evidence on the toxicity
and carcinogenicity of aflatoxin warrants government regulation to curtail aflatoxin contamination of grains and milk. The
strength of the evidence might not be the only relevant criterion for determining the course of action; other factors include the
likelihood and severity of an adverse effect, potential benefits of avoiding the hazard, and the feasibility of reducing exposure.

Much remains to be learned about the impact of diet on chronic disease risk. Nonetheless, in accordance with this
paradigm, the committee concluded that the overall evidence regarding a relationship between certain dietary patterns (e.g., a
diet high in total fat and saturated fat) and chronic diseases (e.g., cardiovascular diseases and certain cancers) supports (1) a
comprehensive effort to inform the public about the likelihood of certain risks and the possible benefits of dietary
modification and (2) the use of technological and other means (e.g., production of leaner animal products) to facilitate dietary
change.

Assessing Risks and Benefits

The committee hopes to contribute to knowledge about the process of arriving at dietary recommendations by
documenting the considerations and the logic that underlie its dietary recommendations. An essential step in developing
dietary recommendations for overall health maintenance is the synthesis of recommendations pertaining to single diseases
into a single coherent set of recommendations to reduce the overall risk of diet-related chronic diseases. For example,
recommendations to enhance calcium intake for possible protection against osteoporosis might, in isolation, be viewed as
conflicting with recommendations for coronary heart disease, because dairy products—which contribute the most calcium to
the U.S. diet—are also rich sources of saturated fats, which increase coronary heart disease risk. Thus,
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recommendations for maintaining adequate bone mass as well as for preventing coronary disease would logically stress
consumption of low-fat dairy products.

The committee also considered the synergistic and antagonistic effects of dietary interactions. For example, the potential
benefits of encouraging adequate trace element intake for reducing the risk of certain cancers could in principle be offset by a
recommendation to increase vegetable intake for the possible prevention of colon cancer, because high plant food diets are
also high in fiber, which could initially inhibit absorption of certain trace elements. To a large extent, the task of assessing
such potential competing risks and benefits and nutrient interactions was simplified by an inherent consistency in dietary
recommendations to maintain good health. For example, the advisability of consuming a diet low in saturated fatty acids,
total fat, and cholesterol is supported by strong evidence of potential benefit in reducing the risk of cardiovascular diseases as
well as comparatively weaker evidence that low-fat diets decrease the risk of certain kinds of cancers.

Other Considerations

The committee also considered whether to base recommendations on individual nutrients, on single foods or food
groups, or on overall pattern of dietary intake. Although recommendations based on nutrients or food groups are of value, in
the committee's experience guidelines directed toward overall dietary patterns are the most useful because they address the
total diet and are more easily interpreted by the general public. Moreover, because many studies on diet and chronic diseases
in humans have focused on foods rather than on single nutrients, food-based recommendations may more accurately reflect
current understanding about the relationship between chronic diseases and diet. Nonetheless, many of the diet-disease
relationships examined required consideration of single foods, food groups, and specific nutrients. This is reflected in the
committee's recommendations.

The committee agreed that quantitative guidelines should be proposed when warranted by the strength of the evidence
and the potential importance of recommendations to public health. Such guidelines can take into account nutrient interactions,
they are less susceptible to misinterpretation when translated into food choices, and they provide specific targets that can
serve as a basis for nutrition programs and policy. The committee has attempted to explain the degree of certainty warranted
by the evidence and to make quantitative recommendations to the extent justified.

Recommendations for Individuals as Opposed to Populations

There are two complementary approaches to reducing risk factors in the target population. The first, the public health or
population-based approach, is aimed at the general population, and the second, the high-risk or individual-based approach, is
aimed at individuals with defined risk profiles. Most chronic diseases etiologically associated with nutritional factors (e.g.,
atherosclerotic cardiovascular diseases, hypertension, obesity, many cancers, osteoporosis, and diabetes mellitus) also have
genetic determinants, and genetic-environmental interactions play an important role in determining disease outcome. For
most diseases, however, it is not yet possible to identify susceptible genotypes and thus risks to specific individuals.
Furthermore, the variability in nutrient requirements among individuals is not well defined. Therefore, it is usually not
possible to make recommendations for individuals. On the other hand, because the major chronic disease burden falls on the
general population (approximately 70% of all deaths in the U.S. population are due to cardiovascular diseases and cancer),
the most benefit is likely to be achieved by a public-health prevention strategy to shift the distribution of dietary risk factors
by means of dietary recommendations to reduce chronic disease risk in the general population.

The public health approach to prevention recognizes that even though reduction of risk for individuals with average risk
profiles (e.g., an average serum cholesterol level) might be small or negligible, because these people represent the great
majority of the population, the benefit for the total population is likely to be paradoxically large (e.g., because most coronary
deaths occur among those who have only moderate elevations in serum cholesterol levels). However, when it is possible to
identify high-risk persons, such as those with certain hyperlipidemias, special attention can be directed to their management.
Therefore, in the committee's judgment, an effective prevention strategy should be aimed at the general public and, where
knowledge permits, it should be complemented with recommendations for those at high risk.

Copyright © National Academy of Sciences. All rights reserved.
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MAJOR CONCLUSIONS AND THEIR BASES

The committee analyzed trends in the major chronic diseases as well as in eating patterns (Chapters 3 and 5). It reviewed
the epidemiologic, clinical, and laboratory evidence pertaining to dietary factors and chronic diseases (Chapters 6 through 26)
and attempted to put into perspective the role of diet as it relates to other environmental and genetic factors in the etiology of
these diseases (Chapters 4 and 5).

Following are the general conclusions drawn from the committee's in-depth review, as well as the specific conclusions
pertaining to the major dietary components and specific chronic diseases.

General Conclusions

A comprehensive review of the epidemiologic, clinical, and laboratory evidence indicates that diet influences the risk
of several major chronic diseases. The evidence is very strong for atherosclerotic cardiovascular diseases and
hypertension and is highly suggestive for certain forms of cancer (especially cancers of the esophagus, stomach, large
bowel, breast, lung, and prostate). Furthermore, certain dietary patterns predispose to dental caries and chronic liver
disease, and a positive energy balance produces obesity and increases the risk of noninsulin-dependent diabetes
mellitus. However, the evidence is not sufficient for drawing conclusions about the influence of dietary patterns on
osteoporosis and chronic renal disease.

Most chronic diseases in which nutritional factors play a role also have genetic and other environmental determinants,
but not all the environmental risk factors have been clearly characterized and susceptible genotypes usually have not
been identified. Furthermore, the mechanisms of genetic and environmental interactions involved in disease are not
fully understood. It is evident that dietary patterns are important factors in the etiology of several major chronic
diseases and that dietary modifications can reduce such risks. Nevertheless, for most diseases, it is not yet possible to
provide quantitative estimates of the overall risks and benefits.

Fats, Other Lipids, and High-Fat Diets

The following conclusions derive from the committee's extensive review of the data described in Chapters 6 (Calories),
7 (Fats and Other Lipids), 19 (Atherosclerotic Cardiovascular Diseases), 21 (Obesity and Eating Disorders), 22 (Cancer), and
25 (Hepatobiliary Disease).

General Conclusion

There is clear evidence that the total amounts and types of fats and other lipids in the diet influence the risk of
atherosclerotic cardiovascular diseases and, to a less well-established extent, certain forms of cancer and possibly
obesity. The evidence that the intake of saturated fatty acids and cholesterol are causally related to atherosclerotic
cardiovascular diseases is especially strong and convincing.

Total Fats

In several types of epidemiologic studies, a high-fat intake is associated with increased risk of certain cancers,
especially cancers of the colon, prostate, and breast. The epidemiologic evidence is not totally consistent, but it is
supported by experiments in animals. The combined epidemiologic and laboratory evidence suggests that a reduction
of total fat intake is likely to decrease the risk of these cancers.

High-fat intake is associated with the development of obesity in animals and possibly in humans. In short-term
clinical studies, a marked reduction in the percentage of calories derived from dietary fat has been associated with
weight loss.

Although gallbladder disease is associated with obesity, there is no conclusive evidence that it is associated with fat
intake.

Intake of total fat per se, independent of the relative content of the different types of fatty acids, is not associated with
high blood cholesterol levels and coronary heart disease. A reduction in total fat consumption, however, facilitates
reduction of saturated fatty acid intake; hence, in addition to reducing the risk of certain cancers, and possibly
obesity, it is a rational part of a program aimed at reducing the risk of coronary heart disease.

Saturated Fatty Acids

Clinical, animal, and epidemiologic studies demonstrate that increased intakes of saturated fatty acids (12 to 16
carbon atoms in length) increase the levels of serum total and low-density-lipoprotein (LDL) cholesterol and that
these higher levels in turn lead to atherosclerosis and increase the risk of coronary heart disease. Satu

Copyright © National Academy of Sciences. All rights reserved.
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rated fatty acid intake is the major dietary determinant of the serum total cholesterol and LDL cholesterol levels in
populations and thereby of coronary heart disease risk in populations. Lowering saturated fatty acid intake is likely to
reduce serum total and LDL cholesterol levels and, consequently, coronary heart disease risk.

* The few epidemiologic studies on dietary fat and cancer that have distinguished between the effects of specific types
of fat indicate that higher intakes of saturated fat as well as total fats are associated with a higher incidence of and
mortality from cancers of the colon, prostate, and breast. In general, these findings are supported by data from animal
experiments.

Polyunsaturated Fatty Acids

* Clinical and animal studies provide firm evidence that omega-6 polyunsaturated fatty acids when substituted for
saturated fatty acids result in a lowering of serum total cholesterol and LDL cholesterol and usually also some
lowering of high-density-lipoprotein (HDL) cholesterol levels.

« Laboratory studies in rodents suggest that diets with high levels of vegetable oils containing omega-6 polyunsaturated
fatty acids promote certain cancers more effectively than diets with high levels of saturated fats, whereas there is
some evidence that diets with a high content of omega-3 polyunsaturated fatty acids may inhibit these same cancers.
However, these findings are not supported by the limited number of epidemiologic studies that have distinguished
between the effects of different types of fat. There are no human diets that naturally have very high levels of total
polyunsaturated fatty acids, and there is no information about the long-term consequences of high polyunsaturated
fatty acid intakes.

+ Fish oils containing large amounts of omega-3 polyunsaturated fatty acids reduce plasma triglyceride levels and
increase blood clotting time. Their effects on LDL cholesterol vary, and data on the long-term health effects of large
doses of omega-3 polyunsaturated fatty acids are limited. Limited epidemiologic data suggest that consumption of
one or two servings of fish per week is associated with a lower coronary heart disease risk, but the evidence is not
sufficient to ascertain whether the association is causal or related to the omega-3 polyunsaturated fatty acid content
of fish.

Monounsaturated Fatty Acids

* Clinical studies indicate that substitution of monounsaturated for saturated fatty acids results in a reduction of serum
total cholesterol and LDL cholesterol without a reduction in HDL cholesterol.

Dietary Cholesterol

+ Clinical, animal, and epidemiologic studies indicate that dietary cholesterol raises serum total cholesterol and LDL
cholesterol levels and increases the risk of atherosclerosis and coronary heart disease. There is substantial inter- and
intra-individual variability in this response. High dietary cholesterol clearly seems to contribute to the development
of atherosclerosis and increased coronary heart disease risk in the population.

Trans Fatty Acids

+ Clinical studies indicate that trans fatty acids and their cis isomers have similar effects on plasma lipids. Animal
studies do not indicate that trans fatty acids have a greater tumor-promoting effect than their cis isomers.

Carbohydrates, Vegetables, Fruits, Grains, Legumes, and Cereals and Their Constituents

The committee's conclusions on carbohydrates and foods containing complex carbohydrates—i.e., vegetables, fruits,
grains, legumes, and cereal products—derive from a review of direct and indirect evidence throughout the report, especially
in Chapters 9 (Carbohydrates), 10 (Dietary Fiber), 11 (Fat-Soluble Vitamins), 12 (Water-Soluble Vitamins), and 22 (Cancer).

« Diets high in plant foods—i.e., fruits, vegetables, legumes, and whole-grain cereals—are associated with a lower
occurrence of coronary heart disease and cancers of the lung, colon, esophagus, and stomach. Although the
mechanisms underlying these effects are not fully understood, the inverse association with coronary heart disease
may be largely explained by the usually low saturated fatty acid and cholesterol content of such diets. Such diets are
also low in total fat, which is directly associated with the risk of certain cancers, but rich in complex carbohydrates
(starches and fiber) and certain vitamins, minerals, trace elements, and nonnutritive constituents, and these factors
probably also confer protection against certain cancers and coronary heart disease.

+ Compared to nonvegetarians, complete vegetarians and lacto-ovovegetarians have lower serum levels of total and
LDL cholesterol and triglycerides. These lower levels may be the combined

Copyright © National Academy of Sciences. All rights reserved.
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result of lower intakes of saturated fatty acids and total fat and higher intakes of water-soluble fiber (e.g., pectin and
oat bran). In clinical and animal studies, such fiber has been found to produce small reductions in serum total
cholesterol independently of the effect due to fat reduction.

Populations consuming high-carbohydrate diets, which are high in plant foods, have a comparatively lower
prevalence of noninsulin-dependent diabetes mellitus, possibly because of the higher proportion of complex
carbohydrate intake and lower prevalence of obesity—a risk factor for noninsulin-dependent diabetes mellitus. In
clinical studies, such diets have been shown to improve glucose tolerance and insulin sensitivity.

Epidemiologic studies indicate that consumption of carotenoid-rich foods, and possibly serum carotene concentration,
are inversely associated with the risk of lung cancer.

Laboratory studies in animals strongly and consistently indicate that certain retinoids prevent, suppress, or retard the
growth of chemically induced cancers at a number of sites, including the esophagus, pancreas, and colon, but
especially the skin, breast, and bladder. However, most epidemiologic studies do not show an association between
preformed vitamin A and cancer risk or a relationship between plasma retinol level and cancer risk.

Epidemiologic studies suggest that vitamin C-containing foods such as citrus fruits and vegetables may offer
protection against stomach cancer, and animal experiments indicate that vitamin C itself can protect against
nitrosamine-induced stomach cancer. The evidence linking vitamin C or foods containing that vitamin to other cancer
sites is more limited and less consistent.

Some investigators have postulated that several other vitamins (notably vitamin E, folic acid, riboflavin, and vitamin
B;,) may block the initiation or promotion of cancer, but the committee judged the evidence too limited to draw any
conclusions.

Epidemiologic and clinical studies indicate that a diet characterized by high-fiber foods may be associated with a
lower risk of coronary heart disease, colon cancer, diabetes mellitus, diverticulosis, hypertension, or gallstone
formation, but there is no conclusive evidence that it is dietary fiber, rather than the other components of vegetables,
fruits, and cereal products, that reduces the risk of those diseases. Although soluble fibers can decrease serum
cholesterol and glucose levels, and certain insoluble fibers inhibit chemically induced tumorigenesis, it is difficult to
compare the effects of specific dietary fibers tested in the laboratory with the effects of fiber-containing foods or of
other potentially protective substances present in these foods.

Although human and animal studies indicate that all fermentable carbohydrates can cause dental caries, sucrose
appears to be the most cariogenic. The cariogenicity of foods containing fermentable carbohydrates is influenced by
the consistency and texture (e.g., stickiness) of the food as well as by the frequency and sequence of consumption.
Sugar consumption (by those with an adequate diet) has not been established as a risk factor for any chronic disease
other than dental caries in humans.

Protein and High-Protein Diets

Studies of the association of protein and high-protein diets with chronic diseases are reviewed in Chapters 8 (Protein),
13 (Minerals), 19 (Atherosclerotic Cardiovascular Diseases), 22 (Cancer), and 23 (Osteoporosis) and form the basis of the
following major conclusions.

In intercountry correlation studies, diets high in meat—a major source of animal protein—have a strong positive
association with increased atherosclerotic coronary artery disease and certain cancers, notably breast and colon
cancer. Such diets are often characterized by a high content of saturated fatty acids and cholesterol, which probably
accounts for a large part of the association with coronary heart disease, and by a high content of total fat, which is
directly associated with the risk of these cancers. However, these diets also tend to have low levels of plant foods, the
consumption of which is inversely associated in epidemiologic and animal studies with the risk of heart disease and
certain cancers. Total serum cholesterol can be reduced in people with high blood cholesterol by replacing animal
foods in their diet with plant foods.

High protein intake can lead to increased urinary calcium excretion. The impact of this finding on the development of
osteoporosis in the general population is unclear.

The data linking elevated intakes of animal protein to increased risk of hypertension and stroke are weak, and no
plausible mechanisms have been posited for either effect.

Energy

The following conclusions are based on assessment of the roles of energy intake and expenditure

Copyright © National Academy of Sciences. All rights reserved.
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in chronic disease risk as described in Chapters 6 (Calories) and Chapter 21 (Obesity and Eating Disorders).

Positive energy balance can result from increased energy intake, reduced energy expenditure, or both, and over the
long term, can lead to obesity and its associated complications.

Although data from clinical and animal studies demonstrate that overfeeding leads to obesity, increased body weight
in cross-sectional and longitudinal population surveys of adults cannot be accounted for by increased energy intake.
Thus, it is likely that obesity develops in adult life either because of reduced physical activity, or overfeeding, or
both. Obesity is enhanced not only by this energy imbalance but also by a genetic predisposition to obesity and
altered metabolic efficiency.

Epidemiologic studies indicate that increased energy expenditure is inversely associated with the risk of coronary
heart disease.

Epidemiologic and clinical studies and some experiments in animals demonstrate that obesity is associated with an
increased risk of noninsulin-dependent diabetes mellitus, hypertension, gallbladder disease, endometrial cancer, and
osteoarthritis. It may also be associated with a higher risk of coronary heart disease and postmenopausal breast cancer.
Studies in humans suggest that fat deposits in the abdominal region pose a higher risk of noninsulin-dependent
diabetes mellitus, coronary heart disease, stroke, hypertension, and increased mortality than do fat deposits in the
gluteal or femoral regions.

Experience in long-term management of obesity indicates that neither frequent fluctuations in body weight nor
extreme restrictions of food intake are desirable.

Long-term follow-up studies indicate that extreme leanness is associated with increased mortality and that the causes
of mortality are different from those associated with excess weight.

The specific causes of obesity are not well known, although some obese people clearly consume more energy
compared to people of normal weight, whereas others are very sedentary or may have increased metabolic efficiency.
Compared to maintenance of stable weight, weight gain in adult life is associated with a greater risk of
cardiovascular disease, noninsulin-dependent diabetes mellitus, hypertension, gallbladder disease, and endometrial
cancer. Certain risk factors—e.g., high serum cholesterol, elevated serum glucose, and high blood pressure—can be
curtailed by weight reduction in overweight adults.

Alcoholic Beverages

The extensive data on the health effects of alcohol consumption are examined in Chapters 16 (Alcohol), 19
(Atherosclerotic Cardiovascular Diseases), 20 (Hypertension), 22 (Cancer), and 25 (Hepatobiliary Disease). Following are
the committee's major conclusions related to alcohol.

When consumed in excess amounts, alcohol replaces essential nutrients including protein and micronutrients and can
lead to multiple nutrient deficiencies.

Sustained, heavy intake of alcoholic beverages leads to fatty liver, alcoholic hepatitis, and cirrhosis. It also increases
the risk of cancers of the oral cavity, pharynx, esophagus, and larynx, especially in combination with cigarette
smoking, whereupon the effects on cancer risk become synergistic. There is some epidemiologic evidence that
alcohol consumption is also associated with primary liver cancer and that moderate beer drinking is associated with
rectal cancer. The association of alcohol consumption with increased risk of pancreatic or breast cancer is less clear.
Excessive alcohol consumption is associated with an increased incidence of coronary heart disease, hypertension,
stroke, and osteoporosis.

Alcohol consumption during pregnancy can damage the fetus, cause low infant birth weight, and lead to fetal alcohol
syndrome. No safe level of alcohol intake during pregnancy has been determined.

Salt and Related Compounds

The following conclusions derive from the evidence on salt and related compounds and their relation to chronic diseases.
This evidence is reviewed in Chapters 15 (Electrolytes), 20 (Hypertension), and 22 (Cancer).

Blood pressure levels are strongly and positively correlated with the habitual intake of salt. In populations with a
sustained salt intake of 6 g or more per day, blood pressure rises with age and hypertension is frequent, whereas in
populations consuming less than 4.5 g of salt per day, the age-related rise in blood pressure is slight or absent and the
frequency of hypertension is uniformly low. Clinical studies demonstrate that once hypertension is established, it
cannot always be fully

Copyright © National Academy of Sciences. All rights reserved.
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corrected by resumption of a moderately low (<4.5 g/day) salt intake.

Although clinical and epidemiologic studies indicate that some people are more susceptible to salt-induced
hypertension than others, there are no reliable markers to predict individual responses. Epidemiologic evidence
suggests that blacks, people with a family history of hypertension, and all those over age 55 are at a higher risk of
hypertension.

Epidemiologic and animal studies indicate that the risk of stroke-related deaths is inversely related to potassium
intake over the entire range of blood pressures, and the relationship appears to be dose dependent. The combination
of a low-sodium, high-potassium intake is associated with the lowest blood pressure levels and the lowest frequency
of stroke in individuals and populations. Although the effects of reducing sodium intake and increasing potassium
intake would vary and may be small in some individuals, the estimated reduction in stroke-related mortality for the
population is large.

A high salt intake is associated with atrophic gastritis in epidemiologic and animal studies, and there is also
epidemiologic evidence that a high salt intake and frequent consumption of salt-cured and salt-pickled foods are
associated with an elevated incidence of gastric cancer. The specific causative agents in these foods have not been
fully identified.

Minerals and Trace Elements

The conclusions listed below are based on a review of the evidence on calcium, magnesium, trace elements, and chronic
diseases discussed in Chapters 13 (Minerals), 14 (Trace Elements), 20 (Hypertension), 22 (Cancer), and 23 (Osteoporosis).

Epidemiologic, clinical, and animal studies suggest that sustained low calcium intake is associated with a high
frequency of fractures in adults, but the role of dietary calcium in the development of osteoporosis and the potential
benefits of calcium supplements—in amounts that exceed the Recommended Dietary Allowances (RDAs)—in
decreasing the risk of osteoporosis are unclear.

Some epidemiologic studies have shown an association between calcium intake and blood pressure, but a causal
association between low calcium intake and high blood pressure has not been established.

A few data from epidemiologic and animal studies suggest that a high calcium intake may protect against colon
cancer, but the evidence is preliminary and inconclusive.

Unequivocal evidence from epidemiologic and clinical studies indicates that fluoridation of drinking water supplies at
a level of 1 ppm protects against dental caries. Such concentrations are not associated with any known adverse health
effects, including cancer.

Low selenium intake in epidemiologic and animal studies and low selenium levels in human sera have been
associated with an increased risk of several cancers. Moreover, some studies in animals suggest that diets
supplemented with large doses of selenium offer protection against certain cancers. These data should be
extrapolated to humans with caution, however, because high doses of selenium can be toxic.

The data on most trace elements examined in this report (e.g., copper and cadmium) are too limited or weak to permit
any conclusions about their effects on chronic disease risk.

Dietary Supplements

Claims for the health benefits of dietary supplements have drawn substantial attention in recent decades. The committee
has reached the following conclusion on the basis of the evidence reviewed in Chapter 18 (Dietary Supplements).

A large percentage of people in the United States take dietary supplements, but not necessarily because of nutrient
needs. The adverse effects of large doses of certain nutrients (e.g., vitamin A) are well documented. There are no
documented reports that daily multiple vitamin-mineral supplements, equaling no more than the RDA for a particular
nutrient, are either beneficial or harmful for the general population. The potential risks or benefits of the long-term
use of small doses of supplements have not been systematically examined.

Coffee, Tea, and Other Nonnutritive Dietary Components

The following major conclusions pertaining to coffee, tea, and other nonnutritive dietary components are based on a
review of the evidence in Chapter 17 (Coffee, Tea, and Other Nonnutritive Dietary Components).

Coffee consumption has been associated with slight elevations in serum cholesterol in some epidemiologic studies.
Epidemiologic evidence linking coffee consumption to the risk of coronary

Copyright © National Academy of Sciences. All rights reserved.
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heart disease and cancer in humans is weak and inconsistent.

+ Tea drinking has not been associated with an increased risk of any chronic disease in humans.

» The use of such food additives as saccharin, butylated hydroxyanisole, and butylated hydroxytoluene does not appear
to have contributed to the overall risk of cancer in humans. However, this lack of evidence may be due to the
relatively recent use of many of these substances or to the inability of epidemiologic techniques to detect the effects
of additives against the background of common cancers from other causes. The association between food additives
and cancer is also complicated by the long latency period between initial exposure to a carcinogen and the
subsequent development of cancer.

* A number of environmental contaminants (e.g., some organochlorine pesticides, polychlorinated biphenyls, and
polycyclic aromatic hydrocarbons) cause cancer in laboratory animals. The committee found no evidence to suggest
that any of these compounds individually makes a major contribution to the risk of cancer in humans; however, the
risks from simultaneous exposure to several compounds and the potential for adverse effects in occupationally
exposed people have not been adequately investigated.

+ Certain naturally occurring contaminants in food (e.g., aflatoxins and N-nitroso compounds) and nonnutritive
constituents (e.g., hydrazines in mushrooms) are carcinogenic in animals and thus pose a potential risk of cancer in
humans. Naturally occurring compounds shown to be carcinogenic in animals have been found in small amounts in
the average U.S. diet. There is no evidence thus far that any of these substances individually makes a major
contribution to cancer risk in the United States.

* Most mutagens detected in foods have not been adequately tested for carcinogenic activity. Although mutagenic
substances are generally suspected of having carcinogenic potential, it is not yet possible to assess their contribution
to the incidence of cancer in the United States.

* Overall, there is a shortage of data on the complete range of nonnutritive substances in the diet. Thus, no reliable
estimates can be made of the most significant exposures. Exposure to nonnutritive chemicals individually, in the
minute quantities normally present in the average diet, is unlikely to make a major contribution to the overall cancer
risk to humans in the United States. The risk from simultaneous exposure to many such compounds cannot be
quantified on the basis of current evidence.

THE COMMITTEE'S DIETARY RECOMMENDATIONS

The dietary recommendations of the Committee on Diet and Health, given below, are directed to healthy, North
American adults and children. Wherever evidence permits, the committee attempts to identify the special dietary needs of
population subgroups at high risk for specific diseases or with different dietary requirements because of age, sex, or
physiological status. The special dietary needs of the elderly are largely unknown.

As discussed in Chapter 28, the quantities proposed in the committee's recommendations are goals for intake by
individuals. To achieve these goals, the mean intake by the population (the public health goal) would have to be higher or
lower than the recommended intake for individuals, depending on the direction of the proposed dietary modification. For
example, a recommendation that all individuals should reduce their fat intake to 30% or less of calories can be expected to
lead to a population mean intake substantially below 30% of calories from fat. Similarly, a recommendation that individuals
increase their carbohydrate intake to more than 55% of total calories can be expected to lead to a population mean intake
clearly above 55% of calories from carbohydrates. Thus, the guidelines for individuals differ somewhat from the public
health (population) goals, which need to be more stringent in order to achieve the goals for individuals.

The extent to which the public health goal for a nutrient differs from the goal for individuals in the population will
depend on the distribution of intake for that nutrient in the population. In most cases, however, the variation in nutrient
intakes in the population is not well known.

The recommendations in this report are the product of a systematic and extensive analysis of the literature by a
multidisciplinary committee that considered the criteria and the process for arriving at recommendations and documented the
extensive literature on which they are based. They are generally in agreement with the advice provided by other expert panels
in the United States and abroad, although in most cases they include more specific quantitative recommendations. These
recommendations are appropriate for current patterns of dietary intake and disease morbidity and mortality in the United
States and are

Copyright © National Academy of Sciences. All rights reserved.
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based on conclusions regarding the association of dietary factors with the entire spectrum of chronic diseases. They take into
account competing risks for different diseases as well as nutrient interactions. These recommendations should be reexamined
as new knowledge is acquired and as the patterns of morbidity and mortality change over the next decades.

The committee's recommendations are presented in a logical sequence that also reflects a general order of importance.
For example, all dietary macrocomponents are addressed first. Among these, highest priority is given to reducing fat intake,
because the scientific evidence concerning dietary fats and other lipids and human health is strongest and the likely impact on
public health the greatest. Lower priority is given to recommendations on other dietary components, because they are derived
from weaker evidence or because the public health impact is likely to be comparatively less. Where the evidence is strongest,
the committee presents quantitative recommendations. It recognizes that setting specific quantitative goals is somewhat
arbitrary and is based on informed judgment rather than on scientifically derivable formulas; however, quantification
facilitates translation of goals into dietary patterns and food choices. Goals are needed to develop and evaluate programs
aimed at achieving dietary changes and serve as the basis for regulatory actions such as those relating to food labeling and the
validity of health claims for foods and nutrients.

The committee's recommendations derive from an assessment of the evidence on chronic diseases, but should be used in
combination with the RDAs to achieve an optimal and highly desirable dietary pattern for the maintenance of good health. In
the committee's judgment, these recommendations have the potential for a substantial reduction in the risk of diet-related
chronic diseases in the general population.

* Reduce total fat intake to 30% or less of calories. Reduce saturated fatty acid intake to less than 10% of calories, and
the intake of cholesterol to less than 300 mg daily. The intake of fat and cholesterol can be reduced by substituting fish,
poultry without skin, lean meats, and low- or nonfat dairy products for fatty meats and whole-milk dairy products; by
choosing more vegetables, fruits, cereals, and legumes, and by limiting oils, fats, egg volks, and fried and other fatty foods.

A large and convincing body of evidence from studies in humans and laboratory animals shows that diets low in
saturated fatty acids and cholesterol are associated with low risks and rates of atherosclerotic cardiovascular diseases. High-
fat diets are also linked to a high incidence of some types of cancer and, probably, obesity. Thus, reducing total fat and
saturated fatty acid intake is likely to lower the rates of these chronic diseases. Fat intake should be reduced by curtailing the
major sources of dietary fats rather than by eliminating whole categories of foods. For example, by substituting fish, poultry
without skin, lean meats, and low- or nonfat dairy products for high-fat foods, one can lower total fat and saturated fatty acid
intake while ensuring an adequate intake of iron and calcium—two nutrients of special importance to women. Dietary fat can
also be reduced by limiting intake of fried foods, baked goods containing high levels of fat, and spreads and dressings
containing fats and oils.

Different types of fatty acids have different effects on health. Saturated fatty acids and dietary cholesterol tend to
increase total and LDL serum cholesterol and, consequently, the risk of cardiovascular disease. The extent of this activity
differs among saturated fatty acids; palmitic, myristic, and lauric acids have the greatest cholesterol-raising effect. The main
dietary sources of these cholesterol-raising saturated fatty acids are dairy and meat products and some vegetable oils, such as
coconut, palm, and palm-kernel oils. Dietary cholesterol is found mainly in egg yolks, certain shellfish, organ meats, and, to a
lesser extent, in other meats and dairy products. Thus, the intake of these foods should be curtailed.

Monounsaturated fatty acids are found in a variety of foods but are especially abundant in olive oil and canola oil.
Polyunsaturated fatty acids are of two types—omega-6 and omega-3; both are essential nutrients and cannot be synthesized
endogenously. Omega-6 polyunsaturated fatty acids are common in several plant oils, including corn, safflower, soybean, and
sunflower oils. Omega-3 polyunsaturated fatty acids are found in cold-water marine fish (such as salmon and mackerel) and
in some plant oils (e.g., soybean and canola oils). Omega-6 polyunsaturated fatty acids and monounsaturated fatty acids (and
carbohydrates) lower LDL cholesterol when substituted for saturated fatty acids. Omega-3 polyunsaturated fatty acids also
lower LDL-cholesterol when substituted for saturated fatty acids, but they are more effective in lowering elevated serum
triglyceride levels. Although consumption of fish one or more times a week has been associated with a reduced risk of
coronary heart disease, the committee does not

Copyright © National Academy of Sciences. All rights reserved.
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recommend the use of concentrated fish oil supplements, because there is insufficient evidence that they are beneficial and
the absence of long-term adverse effects has not been established.

The evidence linking high-fat diets to increased cancer risk is less persuasive than that associating saturated fatty acids
and dietary cholesterol to coronary heart disease, but the weight of evidence indicates that high-fat diets are associated with a
higher risk of several cancers, especially of the colon, prostate, and breast. Most evidence from studies in humans suggests
that total fat or saturated fatty acids adversely affect cancer risk. No studies in humans have yet examined the benefits of
changing to low-fat diets; however, such evidence exists from experiments in animals. The combined evidence from
epidemiologic and laboratory studies suggests that reduction of total fat is likely to reduce the risk of these cancers.

Epidemiologic data on the possible association of low serum cholesterol levels with an increased incidence of and
mortality from cancer in general or colon cancer in men in particular are inconsistent and do not suggest a causal association.
Rather, they indicate that the lower serum cholesterol levels in some of these studies were in part the consequence of
undetected cancers. The overall evidence indicates that dietary modification to lower serum total cholesterol and coronary
heart disease risk is likely to reduce the risk of colon cancer without increasing the risk of other cancers.

Animal studies also suggest that high-fat diets may lead to obesity, possibly because dietary fat is converted to body fat
more efficiently than are other sources of calories. Short-term clinical studies in humans indicate that a substantial reduction
in fat intake may be accompanied by weight loss; however, reduced caloric intake was observed in some of these reports and
although not specifically noted is likely to have occurred in others. This indicates that a substantial reduction in fat intake
may result in overall caloric reduction, perhaps because of the caloric density of dietary fat. From a public health perspective,
this phenomenon may be important, regardless of whether fat reduction per se results in weight loss or whether weight loss
results from an overall reduction in caloric intake.

In the committee's judgment, concerns that reduced fat intake may curtail intake of meats and dairy products and thus
limit intakes of iron and calcium by women and children or that young children on reduced-fat diets might not obtain
adequate calories to support optimal growth and development are not justified. Fat intake can be reduced to approximately
30% of calories without risk of nutrient deficiency, and this level of fat intake after infancy has not been associated with any
detrimental effects. Furthermore, adequate caloric intake can readily be maintained in children on diets containing 30% of
calories from fat.

Although the committee recommends that the total fat intake of individuals be 30% or less of calories, there is evidence
that further reduction in fat intake may confer even greater health benefits. However, the recommended levels are more likely
to be adopted by the public because they can be achieved without drastic changes in usual dietary patterns and without undue
risk of nutrient deficiency. Furthermore, they permit gradual adaptation to lower-fat diets as more lower-fat foods become
available on the market. The committee recommends that people who should not lose weight should compensate for the
caloric loss resulting from decreased fat intake by consuming greater amounts of foods containing complex carbohydrates
(e.g., vegetables, certain fruits, legumes, and whole-grain cereal products).

Although the committee recommends that saturated fatty acid intake be maintained at less than 10% of total calories by
individuals, it is highly likely that further reduction, to 8 or 7% of calories or lower, would confer greater health benefits.
Such further reductions can best be achieved by substituting additional complex carbohydrates and monounsaturated for
saturated fatty acids in the diet. Larger reductions in cholesterol intakes—e.g., to 250 or 200 mg or even less per day—may
also confer health benefits.

The committee recommends that the polyunsaturated fatty acid intake of individuals not exceed 10% of total calories
and that polyunsaturated fatty acid intake in the population be maintained at current levels in the U.S. diet, i.e., an average of
approximately 7% of total calories. (The requirement for omega-6 polyunsaturated fatty acids can be met by 1 to 2% of
calories as linoleic acid.) Concern that an increase in polyunsaturated fatty acid intake may increase risk of certain cancers
derives primarily from studies of animals on very-high-polyunsaturated fatty acid diets. Given the absence of human diets
naturally very high in total polyunsaturated fatty acids and the lack of information about the long-term consequences of high
polyunsaturated fatty acid intake (see Chapter 7), it seems prudent to recommend that polyunsaturated fatty acid intake not be
increased above the current average in the U.S. population. However, since most of the polyunsaturated fatty acids in the

Copyright © National Academy of Sciences. All rights reserved.
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current U.S. diet are of the omega-6 rather than the omega-3 type, and since the committee's recommendation is directed
mainly at omega-6 polyunsaturated fatty acids, any increase in total polyunsaturated fatty acid resulting from an increase in
foods containing omega-3 polyunsaturated fatty acids (e.g., by eating more fish containing such fatty acids) is reasonable.

* Every day eat five or more servings * of a combination of vegetables and fruits, especially green and yellow
vegetables and citrus fruits. Also, increase intake of starches and other complex carbohydrates by eating six or more daily
servings of a combination of breads, cereals, and legumes.

The committee recommends that the intake of carbohydrates be increased to more than 55% of total calories by
increasing primarily complex carbohydrates. Fats and carbohydrates are the two major sources of calories in the diet.
National food consumption surveys indicate that the content of the average U.S. diet is high in fat and low in complex
carbohydrates (e.g., starches, vegetables, legumes, breads, cereals, and certain fruits). Green and yellow vegetables; fruits,
especially citrus fruits; legumes; and whole-grain cereals and breads, which constitute a small portion of the present U.S. diet,
generally contain low levels of fat; thus, they are good substitutes for fatty foods and good sources of several vitamins,
minerals, complex carbohydrates, and dietary fiber. The recommended number of servings is derived from experience in
planning nutritionally balanced diets that would meet the committee's dietary recommendations. The amounts recommended
would facilitate an increase in the total carbohydrate and complex carbohydrate content of the diet, make up for the caloric
deficit due to fat reduction, and supply sufficient quantities of essential vitamins and minerals. The committee does not
recommend increasing the intake of added sugars, because their consumption is strongly associated with dental caries, and,
although they are a source of calories for those who may need additional calories, they provide no nutrients. Furthermore,
foods high in added sugars (e.g., desserts and baked goods) are generally also high in fat.

Studies in various parts of the world indicate that people who habitually consume a diet high in plant foods have low
risks of atherosclerotic cardiovascular diseases, probably largely because such diets are usually low in animal fat and
cholesterol, both of which are established risk factors for atherosclerotic cardiovascular diseases. Some constituents of plant
foods, e.g., soluble fiber and vegetable protein, may also contribute—to a lesser extent—to the lower risk of atherosclerotic
cardiovascular diseases. The mechanism for the link between frequent consumption of vegetables and fruits, especially green
and yellow vegetables and citrus fruits, and decreased susceptibility to cancers of the lung, stomach, and large intestine is not
well understood because the responsible agents in these foods and the mechanisms for their protective effect have not been
fully determined. However, there is strong evidence that a low intake of carotenoids, which are present in green and yellow
vegetables, contributes to an increased risk of lung cancer. Fruits and vegetables also contain high levels of fiber, but there is
no conclusive evidence that the dietary fiber itself, rather than other nutritive and nonnutritive components of these foods,
exerts a protective effect against these cancers. The committee does not recommend the use of fiber supplements.

Vegetables and fruits are also good sources of potassium. A diet containing approximately 75 mEq of potassium (i.e.,
approximately 3.5 g of elemental potassium) daily may contribute to reduced risk of stroke, which is especially common
among blacks and older people of all races. Potassium supplements are neither necessary nor recommended for the general
population.

* Maintain protein intake at moderate levels.

Protein is an essential nutrient, and protein-containing foods are important sources of essential amino acids in the diet.
However, because there are no known benefits and possibly some risks in consuming diets with a high animal protein
content, the committee recommends that protein intake not be increased to compensate for the caloric loss that would result
from the recommended reduction in fat intake. In general, average protein intake by adults in the United States considerably
exceeds the RDA, which is 0.8 g/kg of desirable body weight for adults. The committee recommends maintaining total
protein intake at levels lower than twice the RDA for all age groups (e.g., less than 1.6 g/kg body weight for adults).

Increased risks of certain cancers and coronary heart disease have been associated in some epidemiologic studies with
diets high in meat and, as a

* An average serving is equal to a half cup for most fresh or cooked vegetables, fruits, dry or cooked cereals and legumes,
one medium piece of fresh fruit, one slice of bread, or one roll or muffin.

Copyright © National Academy of Sciences. All rights reserved.
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consequence, in animal protein, and with high protein intake alone in laboratory studies. It is not known whether these
adverse effects are due solely to the usually high total-fat, saturated fatty acid, and cholesterol content of diets that are rich in
meat or animal protein, or to what extent protein per se or other factors also contribute. High protein intake may also lead to
increased urinary calcium loss.

The committee is aware of concerns among some scientists that animal protein restriction might curtail the ability of
some population subgroups with habitually lower protein intakes (e.g., women and the elderly) to meet the RDA for certain
other essential nutrients such as iron. However, the recommendation to maintain intake below twice the RDA for all age
groups would require no reduction of current average intakes in the United States. The committee does not recommend
against eating meat; rather, it recommends consuming lean meat in smaller and fewer portions than is customary in the
United States.

* Balance food intake and physical activity to maintain appropriate body weight.

Excess weight is associated with an increased risk of several chronic disorders, including noninsulin-dependent diabetes
mellitus, hypertension, coronary heart disease, gallbladder disease, osteoarthritis, and endometrial cancer. The risks appear to
decline following a sustained reduction in weight. Increased abdominal fat carries a higher risk for these disorders than do
comparable fat deposits in the hips and thighs. New standards for healthy body composition take into account such
differences in regional body fat distribution as well as weight-to-height ratios. Neither large fluctuations in body weight nor
extreme restrictions in food intake are desirable.

In the U.S. population and other westernized societies, body weight and body mass index are increasing while the
overall caloric intake of the population is decreasing. These trends as well as the association of moderate, regular physical
activity with reduced risks of heart disease lead to the committee's recommendation that the U.S. population increase its
physical activity level and that all healthy people maintain physical activity at a moderately active level, improve physical
fitness, and moderate their food intake to maintain appropriate body weight. For adult men and women of normal weight, this
will also allow the ingestion of adequate calories to meet all known nutrient needs. Overweight people should increase their
physical activity and reduce their caloric intake, and people with a family history of obesity should avoid calorically dense
foods and select low-fat foods.

* The committee does not recommend alcohol consumption. For those who drink alcoholic beverages, the committee
recommends limiting consumption to the equivalent of less than 1 ounce of pure alcohol in a single day. This is the equivalent
of two cans of beer, two small glasses of wine, or two average cocktails. Pregnant women should avoid alcoholic beverages.

Excessive alcohol drinking increases the risk of heart disease, high blood pressure, chronic liver disease, some forms of
cancer, neurological diseases, nutritional deficiencies, and many other disorders. Even moderate drinking carries some risk in
circumstances that require neuromotor coordination and judgment, e.g., driving vehicles, working around machinery, and
piloting airplanes or boats. Consumption of even small amounts of alcohol can lead to dependence. Approximately 10% of
those who consume alcoholic beverages in the United States are alcoholics. Pregnant women and women who are attempting
to conceive should avoid alcoholic beverages because there is a risk of damage to the fetus and no safe level of alcohol intake
during pregnancy has been established.

Although several studies show that moderate alcohol drinking is associated with a lower coronary heart disease risk, it
would be unwise to recommend moderate drinking for those who do not drink because, in the committee's judgment, a causal
association has not been established and because even moderate drinking poses certain other risks, including the risk of
alcohol addiction.

o Limit total daily intake of salt (sodium chloride) to 6 g or less. Limit the use of salt in cooking and avoid adding it to
food at the table. Salty, highly processed salty, salt-preserved, and salt-pickled foods should be consumed sparingly.

Studies in human populations in different parts of the world show that a diet containing more than 6 g of salt per day is
associated with elevated blood pressure, and many Americans habitually exceed this level. It is probable that susceptibility to
salt-induced hypertension (salt sensitivity) is genetically determined, but no reliable genetic marker has yet been identified.
Thus, those who are most susceptible to developing salt-induced hypertension, and therefore likely to benefit most from this
recommendation, cannot yet be identified. In salt-sensitive people, the recommended level of salt intake is unlikely to
contribute to

Copyright © National Academy of Sciences. All rights reserved.
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blood pressure elevation and may even lead to blood pressure reduction. In the general population, the recommended level
will have no detrimental effect. The committee is aware that a greater reduction in salt intake (i.e., to 4.5 g or less) would
probably confer greater health benefits than its present recommendation, but chose 6 g as an initial goal that can be achieved
more readily. This does not preclude a subsequent recommendation for further reduction.

The evidence linking salt intake per se to stomach cancer is less persuasive than that for salt and hypertension. There is
consistent evidence, however, that frequent consumption of salt-preserved or salt-pickled foods increases the risk of stomach
cancer. The specific causative agents in those foods have not been identified.

* Maintain adequate calcium intake.

Calcium is an essential nutrient; it is necessary for adequate growth and skeletal development. Certain segments of the
population, especially women, because of their low caloric intake, and adolescents, because of their higher nutrient
requirements, need to make careful food choices to obtain adequate calcium from the food supply. The committee
recommends consumption of low- or nonfat dairy products and dark-green vegetables, which are rich sources of calcium and
can assist in maintaining calcium intake at approximately RDA levels. Although low calcium intake is associated with a
higher frequency of fractures and possibly with high blood pressure, the potential benefits of calcium intakes above the RDAs
to prevent osteoporosis or hypertension are not well documented and do not justify the use of calcium supplements.

* Avoid taking dietary supplements in excess of the RDA in any one day.

A large percentage of the U.S. population consumes some vitamin or mineral supplement daily. The supplements are
often self-prescribed and not based on known nutrient deficiencies. It is not known what, if any, benefits or risks accrue to
individuals or the general population from taking small doses of supplements. Some population subgroups (e.g., those
suffering from malabsorption syndromes) may require supplements, but they should take them only under professional
supervision. A single daily dose of a multiple vitamin-mineral supplement containing 100% of the RDA is not known to be
harmful or beneficial; however, vitamin-mineral supplements that exceed the RDA and other supplements (such as protein
powders, single amino acids, fiber, and lecithin) not only have no known health benefits for the population but their use may
be detrimental to health. The desirable way for the general public to obtain recommended levels of nutrients is by eating a
variety of foods.

Thus, the committee supports the general scientific opinion and the opinions of several other expert panels that have
recently commented specifically on supplement use. It emphasizes, however, that the long-term health effects (risks and
benefits) of supplements have not been adequately studied.

* Maintain an optimal intake of fluoride, particularly during the years of primary and secondary tooth formation and
growth.

There is convincing evidence that consumption of optimally fluoridated water (i.e., 0.7 to 1.2 ppm fluoride, depending
on ambient temperature) significantly reduces the risk of dental caries in people of all ages, especially in children during the
years of primary and secondary tooth formation and growth. There is no evidence that such fluoride concentrations have any
adverse effects on health, including cancer risk. In the absence of optimally fluoridated water, the committee supports the use
of dietary fluoride supplements in the amounts generally recommended by the American Dental Association, the American
Academy of Pediatrics, and the American Academy of Pediatric Dentistry.

IMPLICATIONS OF RECOMMENDATIONS FOR FOOD CHOICES

What do the committee's recommendations imply with regard to selection of foods and food groups? To some extent,
this issue is addressed under each recommendation. Therefore, only a synthesis is provided here. Principles of food selection
will also be explained in more detail in the committee's forthcoming report to the general public.

In summary, the diet recommended by the committee should contain moderately low levels of fat, with special emphasis
on restriction of saturated fatty acids and cholesterol; high levels of complex carbohydrates; only moderate levels of protein,
especially animal protein; and only low levels of added sugars. Caloric intake and physical activity should be balanced to
maintain appropriate body weight. The recommendation to maintain total fat intake at or below 30% of total caloric

Copyright © National Academy of Sciences. All rights reserved.
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intake and saturated fatty acid intake at less than 10%, combined with the recommendation to maintain protein intake only at
moderate levels, means that for most North Americans it will be necessary to select leaner cuts of meat, trim off excess fat,
remove skin from poultry, and consume fewer and smaller portions of meat and poultry. Fish and many shellfish are excellent
sources of low-fat protein. By using plant products (e.g., cereals and legumes) instead of animal products as sources of
protein, one can also reduce the amount of saturated fatty acids and cholesterol in the diet.

Dairy products are an important source of calcium and protein, but whole milk, whole-milk cheeses, yogurt, ice cream,
and other milk products are also high in saturated fatty acids. Therefore, low-fat or skim milk products should be substituted.
Furthermore, it is desirable to change from butter to margarine with a low saturated fatty acid content, to use less oils and fats
in cooking and in salad dressings, and to avoid fried foods.

For most people, the recommended restriction of fat intake, coupled with the recommendation for moderation in protein
intake, implies an increase in calories from carbohydrates. These calories should come from an increased intake of whole-
grain cereals and breads rather than from foods or drinks containing added sugars. For example, bakery goods, such as pies,
pastries, and cookies, although they provide complex carbohydrates also tend to contain high levels of total fat, saturated fatty
acids, and added sugars, all of which need to be curtailed to meet the committee's recommendations.

In general, vegetables and fruits are unlikely to contribute substantially to caloric intake but are major sources of
vitamins, minerals, and dietary fiber. The committee places special emphasis on increasing consumption of green and yellow
vegetables as well as citrus fruits, particularly since their consumption in North America is relatively low. The committee's
recommendations would lead to a substantial increase in consumption frequency and portion sizes, especially of vegetables,
for the average person. Thorough washing of fresh vegetables (especially leafy ones) and fruits will minimize the
consumption of pesticide residues in the diet.

The need for restriction of certain dietary components—such as egg yolks; salt; salty, smoked, and preserved foods; and
alcoholic beverages—is clearly explained in the recommendations. Further considerations include methods of preparation,
cooking, and processing, which can have important effects on the composition of foods. The committee emphasizes the need
to read the labels on prepared, formulated, and other processed foods to identify their contribution of nutrients in general and
of salt, fats and cholesterol, and sugars in particular. With regard to the risk of chronic diseases, maximum benefit can be
attained and any unknown, potentially harmful effects of dietary constituents minimized by selecting a variety of foods from
each food group, avoiding excessive caloric intake (especially excessive intake of any one item or food group), and engaging
regularly in moderate physical exercise.

IMPACT ON PUBLIC HEALTH: BENEFITS AND RISKS OF DIETARY MODIFICATION

The committee used several approaches and lines of evidence to assess potential adverse consequences of its dietary
recommendations for the general population (see Chapter 28). For example, it examined the degree of concordance in death
rates and mortality trends between the two leading diet-related causes of death—i.e., coronary heart disease and cancer—to
assess the degree to which common dietary risk and protective factors may be operating. It also analyzed the possible adverse
consequences of reducing the intake of total fat, saturated fatty acids, and cholesterol, which would lead to a reduction in
serum cholesterol levels and in the risk of atherosclerotic cardiovascular disease.

In some studies, low serum cholesterol is associated with increased colon cancer mortality. However, this finding is
inconsistent and the data do not suggest that lowering serum cholesterol by dietary modification would increase the risk of
any cancer. Furthermore, the committee considered the effect of reducing total serum cholesterol on increasing risk of
hemorrhagic stroke in hypertensives; the possible adverse effects of increased intakes of polyunsaturated fatty acids,
carbohydrates, vegetables, and carotene and of moderate intakes of alcohol (as opposed to total avoidance); the effect of
potential increases in exposure to pesticides; and the potential for nutrient deficiencies or toxicity among population
subgroups (see Chapter 28). It concluded that despite using the worst-case hypothetical scenarios, the benefits of dietary
modification far outweigh the potential for adverse effects, which is minimal if any, as summarized below.

The lines of evidence examined in Chapter 28 indicate that risk factors and protective character

Copyright © National Academy of Sciences. All rights reserved.
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istics for the major diet-related chronic diseases and causes of death are concordant. In general, dietary intervention to reduce
the risk of one disease (e.g., coronary heart disease) is also likely to reduce the risk of other diseases (e.g., several cancers).

Central to the committee's deliberations was the extent to which the overall risk of chronic diseases in the general U.S.
population might be reduced by dietary modification. Because the role of dietary factors in the etiology of chronic diseases
differs by factor and disease (see Major Conclusions), the impact of dietary modification on the risk of different diseases is
likely to vary considerably.

As discussed in Chapter 28, the committee used several approaches in developing quantitative estimates of the potential
public health impact if its dietary recommendations were to be fully adopted by the public. It recognized at the outset that the
accuracy of such estimates is determined by the strength, consistency, and congruence of the evidence from a variety of
sources, especially from extensive, long-term observations and dietary interventions in human populations, which provide the
most reliable estimates of association. The best of these data pertain to serum cholesterol levels and the risk of coronary heart
disease; those on dietary factors as they relate to coronary heart disease, cancer, and other major causes of mortality are not as
extensive.

Estimates of the reduction of coronary heart disease risk in human populations can be derived by extrapolating the
effects of a downward shift in average serum cholesterol levels, by comparing coronary heart disease risk in populations with
greatly different saturated fatty acid or total fat intakes or wide ranges in mean serum cholesterol levels, or by examining the
results of serum-cholesterol-lowering trials on cardiovascular disease incidence. The many drawbacks to these approaches are
explained in Chapter 28. In general, however, by using these approaches, the committee estimates that its recommendations
for reducing intake of saturated fatty acids, dietary cholesterol, and total fat could lead to at least a 10% reduction in serum
cholesterol levels and a 20% reduction in coronary heart disease risk in the United States beyond the 1987 levels. More
stringent dietary modification provides the potential for even greater reduction in coronary disease risk in the future. This
underestimates the potential benefits of dietary modification because it only focuses on certain lipids and does not take into
account the potential benefits of reductions in body weight and blood pressure in the population.

The picture is less clear for the risk of cancer and other chronic diseases. Some epidemiologists estimate that as much as
90% of all cancer in humans can be attributed to various environmental factors, including diet. Others attribute 30 to 40% of
cancers in men and 60% of cancers in women to diet. Still others have estimated that 10 to 70% of the deaths from cancer
could be prevented by dietary modifications, especially for cancers of the stomach, the large bowel, and to a lesser extent, the
breast, the endometrium, and the lung.

The conclusions of the Committee on Diet and Health are in general agreement with those of the National Research
Council's Committee on Diet, Nutrition, and Cancer, which in 1982 concluded that cancers of most major sites are influenced
by dietary patterns. The data are not sufficient, however, to quantify the contribution of diet to the overall cancer risk or to
determine the quantitative reduction in risk that might be achieved by dietary modifications. The committee notes that several
countries with dietary patterns similar to those recommended in this report have about half the U.S. rates for diet-associated
cancers. This suggests that the committee's dietary recommendations could have a substantial impact on reducing the risk of
cancer in the United States.

For the other chronic diseases and conditions considered in this report (i.e., hypertension, obesity, osteoporosis, diabetes
mellitus, hepatobiliary disease, and to a lesser extent, dental caries), the magnitude of risk reduction expected through full
implementation of the committee's guidelines on diet and health cannot be reliably estimated at this time due to limitations in
the data. Nevertheless, on the basis of its overall assessment of the data, the committee concludes that implementation of its
dietary recommendations through readily available natural diets is likely to greatly reduce the overall risk of these chronic
diseases without discernibly increasing the risk of any cause of death or disability.

In Chapter 28, the committee categorizes dietary factors according to the strength of the evidence and relates each to the
risk of chronic diseases and the potential public health benefit of dietary modification. In the committee's judgment,
modification of the total diet along the lines recommended in this report is necessary to achieve the maximum public health
benefit; and among dietary factors, reduced intakes of total fat, satu

Copyright © National Academy of Sciences. All rights reserved.
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rated fatty acids, and cholesterol are likely to have the greatest impact.

IMPLEMENTATION OF DIETARY RECOMMENDATIONS

What strategies are needed to implement the committee's dietary recommendations, and what are their implications for
different sectors of society? These issues are the subject of a separate study by the Food and Nutrition Board. Therefore, they
only receive brief consideration below and in Chapter 28 of this report.

It is apparent to the committee and the Food and Nutrition Board that if one of our national goals is to reduce the risk of
chronic diseases and if dietary modification is likely to assist in achieving that goal, then various sectors of society need to
collaborate in implementing dietary recommendations of the type proposed by the committee. The committee is aware that
many nutrition programs and regulatory actions that are already in place or under way under the auspices of government
agencies and in the private sector are consistent with implementing the proposed recommendations. Nevertheless, it wishes to
draw special attention to the following general issues.

A concerted effort will be needed to make the changes in the food supply and in nutrition policy and programs that will
be required to increase the availability of low-fat and low-salt foods in supermarkets and in public eating facilities such as
school cafeterias and restaurants. Consideration needs to be given to the most effective means of achieving such
modification: through technological changes, massive public education efforts, legislative measures such as food labeling, or
a combination of such strategies. Although the committee's report to the public, which will be issued in the near future, will
explain its major conclusions and recommendations in lay terms, leaders in government agencies, the health professions, the
food industry, and the mass media face the challenge of interpreting the committee's nine recommendations for the general
public as well as for high-risk groups. They will need to convey in practical terms the concept of certainty or uncertainty of
benefit, competing risks, dietary interactions, and target populations. There is a need to develop adequate educational tools
and to identify the best means of educating and motivating the public. Health professionals, government agencies, and the
industry must also undertake additional research to identify ways of effecting dietary change.

In the committee's judgment, it is feasible to implement the proposed recommendations within the framework of the
average lifestyle in the United States, and the committee is encouraged by the knowledge that dietary habits in this country
have already changed markedly in many ways that are consistent with these recommendations. To convey a full
understanding of these recommendations to the public and to implement them will require close collaboration among
government agencies, the food industry, health professionals (physicians, nutritionists, dietitians, and public health
personnel), educational institutions, leaders in mass media, and the general public.

RESEARCH DIRECTIONS

Fundamental scientific discoveries generally occur in completely unexpected ways. Thus it is impossible to predict
where the major discoveries will be made or which research directions will prove to be the most fruitful. Therefore, the
committee does not wish to stifle creativity by specifying experimental protocols or directing research. Nevertheless, it is
possible and desirable to propose a scheme for organizing research to seek more definitive data on the associations between
diet and chronic diseases. The committee's conclusions and dietary recommendations reflect its assessment of current
knowledge and actions justified now; they can be made more definitive only through additional research of the kind
recommended in this section.

The seven categories of research proposed below are not presented in order of priority. Rather, taken together, they
reflect a conceptual framework for interdisciplinary collaborative research that encompasses different kinds of investigations:
short- and long-term experiments in vitro and in vivo, food consumption surveys, food composition analyses, descriptive and
analytical epidemiologic studies, metabolic studies and clinical trials in humans, and social and behavioral research. More
detailed and specific research recommendations are summarized in Chapter 28 and presented in Chapters 4 and 6 through 26.

* Identification of foods and dietary components that alter the risk of chronic diseases and elucidation of their
mechanisms of action.

Much needed research falls in this category. Many dietary constituents are already known to play a role in the etiology
of chronic diseases, but additional and more specific knowledge, especially

Copyright © National Academy of Sciences. All rights reserved.
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concerning mechanisms of action, will lead to more definitive conclusions and provide more precise guidance about ways to
reduce the risk of different chronic diseases.

» Improvement of the methodology for collecting and assessing data on the exposure of humans to foods and dietary
constituents that may alter the risk of chronic diseases.

Methodological shortcomings inhibit the interpretation and analysis of data and often prevent the derivation of precise
conclusions about the association of diet and chronic diseases. Thus, the committee recommends that high priority be given to
development of better methods for data collection, quantification of dietary exposures and effects, and data analysis.

* Identification of markers of exposure and early indicators of the risk of various chronic diseases.

This category of research is designated for two purposes: first, to circumvent the shortcomings of using the disease itself
as the sole end point—i.e., because of the long latency period of many chronic diseases evidenced by the delay between
dietary exposure and disease expression; and second, to circumvent problems due to exposure misclassification when dietary
recall methods are used. In the committee's judgment, there is a pressing need to identify biochemical/biological markers of
dietary exposure, early biological markers that can forecast the emergence of clinical disease, and genetic markers that can
identify high-risk subgroups in the population. In addition, the committee proposes greater use of the techniques of molecular
biology to study gene-nutrient interactions that can help characterize individual variability in nutrient requirements and
response to various chronic diseases.

* Quantification of the adverse and beneficial effects of diet and determination of the optimal ranges of intake of dietary
macro- and micro-constituents that affect the risk of chronic diseases.

Although most dietary constituents are known to have some effect on the risk of certain chronic diseases, much less is
known about the magnitude of this effect. The committee believes that there is a strong need to quantify these effects in order
to estimate the contribution of diet to the risk of chronic diseases. These efforts should include a study of nutrient
interactions, competing risks, and dose-response relationships. The ultimate aim of such research should be to determine the
optimal ranges of intake of various dietary components for health maintenance, keeping in mind the desirability of identifying
their effects and the shape of the dose-response curve.

* Through intervention studies, assessment of the potential for chronic disease risk reduction.

Carefully designed intervention studies should be conducted to assess the public health impact of dietary modification.
Although many such studies have been conducted for heart disease, hypertension, dental caries, and obesity, and a few have
focused on osteoporosis, no such long-term studies have yet been completed for cancer. The committee has considered
whether priority should be given to additional large-scale trials or whether current knowledge is sufficient to undertake
dietary interventions in the population and subsequently to assess their effectiveness by carefully monitoring trends in disease
incidence and mortality. Intervention trials should be undertaken only when a substantial body of data indicates a high
likelihood of benefit without discernible risk. Such trials might be warranted to obtain more definitive data, especially
because the kinds of diets tested in such trials might yield data about potential benefits of dietary intervention to
simultaneously reduce the risk of multiple chronic diseases, but they should not be used as a basis for delaying prudent
dietary modifications warranted by current knowledge. Any intervention studies should be accompanied by effective
monitoring to assess disease incidence, prevalence, and mortality rates.

* Application of knowledge about diet and chronic diseases to public health programs.

Social and behavioral research should be undertaken to achieve a better understanding of factors that motivate people to
modify their food habits. This knowledge is indispensable for designing effective public health programs to reduce the risk of
chronic diseases. Furthermore, improved technologies are needed to increase the availability of foods that conform to the
committee's dietary recommendations.

* Expansion of basic research in molecular and cellular nutrition.

The six categories described above focus on research to enhance knowledge of the interrelationship among dietary
factors, chronic diseases, and health, and this research includes an understanding of the underlying mechanisms. The
committee wishes to emphasize the need for such

Copyright © National Academy of Sciences. All rights reserved.
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fundamental research to advance our knowledge of basic cellular and molecular mechanisms. Research in disciplines ranging
from the physical sciences, to biochemistry, physiology, applied biology, nutrition, medicine, epidemiology, biophysics,
cellular and molecular biology, and genetics is needed to fill the gaps in our understanding of how dietary, environmental,
and genetic factors interact to influence the risk of chronic diseases.

The committee hopes that the findings contained in this report will be as widely disseminated as possible and urges that
all those with an interest in and responsibility for public health participate in this effort. Recognizing the limitations of current
knowledge, it strongly believes that periodic updates of its findings will be necessary as new data emerge to shed more light
on associations between diet and chronic diseases.

Copyright © National Academy of Sciences. All rights reserved.
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. —

Methodological Considerations in Evaluating the Evidence

Many factors affect the validity of scientific data on the effects of diet on human health. The most straightforward way
to study such relationships is to select a group of subjects, collect relevant data on dietary intake and health indications for
each person in the group, and attempt to determine causal relations between the two based on clues from such other sources
as feeding studies in animals. This direct approach is rarely possible because of limitations in our ability to accurately
quantify dietary intake and because of the many unknowns about the direct effect of diet on health and chronic diseases
relative to the effects of other environmental and genetic variables. Thus, indirect approaches are commonly required. The
first part of this chapter addresses various approaches to the assessment of dietary intake by humans. The second part deals
with the evaluation of all types of single studies relevant to assessing the impact of dietary intake on health. In the third part
of the chapter, the committee considers criteria for drawing inferences about causality from the evidence as a whole.

ASSESSMENT OF DIETARY INTAKE OF HUMANS

Methods for Assessing Dietary Intake

A major impediment in studying the effects of diet on health is the difficulty of assessing dietary intake of humans
(Bazzarre and Myers, 1980; Bingham, 1987; Block, 1982; Burk and Pao, 1976; Dwyer, 1988; Marr, 1971; Medlin and
Skinner, 1988; Pekkarinen, 1970; Sorenson, 1982; Young and Trulson, 1960). Each of the assessment methods in use has its
weaknesses. The choice of method depends on whether the assessment pertains to the average intake of a group or to the
habitual intakes of individuals within a group, the level of detail (e.g., food groups, foods, or nutrients) desired, and the
degree of precision needed in determining amounts of foods consumed. Additional considerations include the costs, burden
on respondents, and availability of critical resources such as trained interviewers and accurate food composition tables. The
chosen dietary intake assessment method must be tested to ensure its accuracy and reliability in the study population, and
adequate training of personnel involved in collecting and analyzing data is essential. In certain circumstances, dietary survey
methods can be combined to improve accuracy (Dwyer, 1988). Methods commonly used in epidemiologic research to assess
dietary intake are discussed below, along with their advantages, disadvantages, and problems of validation.

Group Dietary Data

In most nations, average dietary intake is estimated from national food supply data or from

Copyright © National Academy of Sciences. All rights reserved.
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national surveys of food intake by households or individuals. Food supply is estimated by adding the quantity of food
imported to the quantity produced within a country and then subtracting the sum of food exported, destroyed by pests during
storage, and put to nonfood use (e.g., in the production of industrial alcohol). The final figure is divided by the total
population to obtain the average per-capita food availability. The results are estimates of foods that disappear into wholesale
and retail markets; they fail to account for food wasted before consumption, food fed to pets, and home-grown foods (when
the latter is not included in production data). Nutrients available in the food supply are usually estimated from standard food
composition tables.

Data on per-capita food availability provide useful leads for further research on the relationship of diet to disease,
because they enable investigators to compare rates of chronic diseases among countries with marked differences in mortality
rates from chronic diseases and in the availability of specific nutrients in their food supply. These cross-sectional
comparisons do not control for confounding factors, nor can they be used to show associations between diet and disease in
individuals. The food supply in the United States has been monitored by the U.S. Department of Agriculture (USDA) since
1909, and the information gathered has been used to estimate trends in food use (see Chapter 3).

In household food inventories, food consumed is estimated by recording the difference between inventories of foods on
hand at the beginning and end of the study period—usually 1 week—and accounting for food purchased or otherwise brought
into the house. Average per-capita intake is estimated by dividing total household food intake by the number of people in that
home.

Per-capita intakes by different age-sex groups in U.S. households are provided by national surveys conducted by USDA
(USDA, 1984, 1987) and the U.S. Department of Health and Human Services (Carroll et al., 1983). These are also discussed
in Chapter 3.

Individual Dietary Data

Food supply data and household food inventories supply only rough estimates of foods available and cannot be used to
determine intakes of individuals. Methods most often used to assess individual intakes are food records and dietary recalls,
both of which include diet histories and food frequency questionnaires.

The food record method requires participants to measure and record types and amounts of all foods and drinks
consumed over a specified time. In some studies, all foods are weighed. In others, measuring cups and spoons and a ruler are
used to assess dimensions. Food models, volume models, and photographs have also been used.

The 24-hour recall method requires that respondents report the types and amounts of foods they consumed over the
previous 24-hour period. Information is obtained by face-to-face (in-person) interview or by telephone.

Diet history methods rely on interviewers or questionnaires to estimate the usual diet (or certain aspects of the diet) of
subjects over a long period. The objective is to obtain a picture of habitual intake, which is more likely to be related to slowly
developing diseases than is the intake over a time as short as 24 hours, which cannot represent the customary or usual intake.
The classic diet history method used by Bertha Burke (1947) included a 3-day food intake record, a 24-hour recall, and an
accounting of the frequency of food