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TasLe 2.—LiriDS AND CARDIOVASCULAR DiSEASE: CUNICAL STUDIES {SCIENCE Sumiary UPDATE)—Continued

‘ Study design Study popt i Method/ iest/dose
Wardlaw 1990 Clinical study of effect \ 20 men, average 34.7 : 5 week diet Diets
{Ref. 1443 of types of dietary | yrnormal diet fat | phase; 7 wk/ W
fat on serum lipids. | 37-43% calones | washout; 2. Corn-PUFA. . ..
Double blinded. : . Cross-over 3 Sun-MUFA
randomized, Cross- 1‘ and repeat.
over. |
J
1
|
Wood 1931 Clinical study of Moderately Tyear. Divided into 3 cohorts 44
{Ref. 145) eftect of diet and overweight, men & 44 women in

i
!
exercise on serum
lipids. |
f
i

sedentary men and

i Duratinon i

|

Resuils Assessment/comments

each cohort.

women {132 each),

Randomized, 2510 43 yr oid: 2. Hypocaloric NCEP diet

controlled. 119 men & 112 3. Hypocaloric NCEP diet
Evaluation of diet and wornen completed {+} exercise.

activity by clinicat study; non-

activity logs. 7 day smokers, iow

diet records, and aicoholic

telephone consumption.

interviews.

1. Control, habitual diet....

Well designed and
executed study.

Applicable to men who
consume high SFA
diet {did not include
women).

Consumption of iow jat
diet reduced serum
fipids levels in young
healthy men who had
previcusly consumed
high fat diet.

Furthermore the authors
suggest some risk may
be involved as reduce
SFA in diet, especially
substitute PUFA for
MUFA.

Both vegstable oit diets
{PUFA and MUFA)
reduced chol 16-21%,
LDL-C 21-26% and
TG by 10-21%
comparsad 1o butter
diet.

Serum choi fails within §
wk on vegetabie oil
diets.

Dietary chol raised from
190 to 500 mg/day
while on vegetable o
diet did not change
serum TC, LDL-C,
HDL-C or TG.

High Concentration of
PUFA may have
pharmacological
effects on lowering
HOL-C, however, diets
containing 35% of
calories from fat and
P-S ratio < 1.5 are
net likely to lower HDL
significantly.

Both NCEP groups
reduced body fat
significantly and BP.

in men: Diet (+)
exercise increased
HDL, while decreasing
TG, apo B HDL
increased significantly
{13%) in men who
exercised over diet
alone.

in women: Diet alore &
{+) exercise
significantly reduced
BP, TC, apo B
compared to controls.

Women in diet alone
group, had significantly
lower HLL-2 and apo
A-1 compared to
control.

Addition of exercise
decreased the
reduction of HDL-2 by
fow fat diet.

Well designed and well
executed study.

Suggests muitifactorial
approach for reduction
CvD.

Exercise is important in
increasing level HOL.

Diet is important in
reduction of TC and
LDL-C.
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Food Labeling: Health Messages;
Dietary Lipids-and Cancer

AGENCY: Food and Drug Administration,
HHS.
ACTION: Proposed rule,

suMMaRY: The Food and Drug
Administration (FDA} is proposing to
authorize health claims on foods and
food labeling that state that diets low in
total fat may reduce the risk of some

types of cancer, particularly colon,
breast, and prostate, in the general
population, The agency reviewed this
topic under the provisions of the
Nutrition Labeling and Education Act of
1950. The agency's conclusion is based
on its review cf the publicly available
scientific iiterature. The strength and
consistency of the scientific data
supports such claims. Under this
preposal, it also may not imply any
particular degree of risk reduction. The
preposed rule requires that to bear such
a claim, the food or food product must
meet the criteria proposed in § 101.62 for
a low fat” claim. FDA is proposing tc
permit foods that qualify to use a
combined cancer-cardiovascular disease
label statement and is requesting
comments addressing scientific and

compliance issues that may arise from
the use of such combined health claims.

DATES: Written comments by February
25.1992. The agency is proposing that
any final rule that may issue baset on
this proposal beceme effective 6 months
following its publication in accordance
with requirements of the Nuirition
Labeling and Education Act of 1990.

ADDRESSES: Written commentis lo the
Dockets Management Branch {(HFA~
305). Food and Drug Administration. rm.
1-23, 12420 Parklawn Dr., Rockvitle. MD
20857.

FOR FURTHER INFORMATION CONTACT:
He-Chong C. Lee, Center for Food Safety
and Applied Nutrition (HFF-265). Food
and Drug Administration, 200 C St. 8W
Washington. DC 20204, 202-385-0358.
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SUPPLEMENTARY INFORMATION:
{. Background

1. Newtritsen Labedosiond
Foducation Act of 19090

D Movember 8, 1990, the President
signed into law the Nutrition Labeling
and Education Act of 1990 {Pub L. 103~
5331 (the 1830 amendments), which
amends the Federal Food, Drug, andd
Cesmetic Act {the act). The 1990
maents, in part, authorize the
ary of Health and Human Services
ry) {snd by delegition FDA]J
to igsue regulations auiborizing nutrient
content and health claims on the label
or iabeling of foods. With respect to
health claims, the new provisions
provide that a product is misbranded if i
bears a ciuimn that characterizes the

relationship of a nutrient 15 a discase ur

health-reloted condition, unless the
¢laim is made in accordance with the
procedures and standards established
under the ast {21 U.S.C. 343(r){(2)(B)).

Published elsewhere in this issue of
the Federal Register is a proposed rule
entitled “Food Labeling: General
Reguirements for Health Claims for
Food,” which establishes general
requirements for health claims that
characterize the relationship of
nutrients, including vitamins and
minerals, herbs, and other nutritiona!
substances (referred to generally as
“substances™) to a disease or health-
related condition on food labels and in
labeling. In that companion document,
FDA tentatively determined that such
claims would only be justified for
substances in dietary supplements as
well as in conventional foods if the
agency determines, based on all of the
publicly available scientific evidence
(including evidence from well-designed
sludies conducted in a manner which is
consistent with generally recognized
scientific procedures and principles},
that there is significan! scientific
agreement, among experts qualified by
scientific training and experiesnce to
evaluate such claims, that the claim is
supported by such evidence.

Sectiozns 3(b)(1)(A)(i), (BY1){ANvi).
and [b}{1){A){x]) of the 1990 amendments
require that within 12 months of their
eractinent, the Secretary sitall issue
proposed regulations to implement
seétion 403(r} of the act, and that such
regulatiors shall determine, among other
things, whether claims respecting 10
topic areas, including fats and cancer,
meet the requirements of the act. In thig
document, the agency will consider
whether a ¢laim on food or foed
praducts, including conventional foods
and dietary supplements, on the
relationship between fats and cancer
would be justified under the standard

proposed e compamion document on
senerad requitements for health ¢

Hojuhlie Do Gtk Aspects

1. Prevalence and Evopomic Impact

The importanee of cancer as a peblic
health problem in the United States
cannot be disputed. All forms of cancor
taken together are ranked as the second
Ieading cause of death in the United
States and account for one in fve
deaths. Deaths due to cancer numbersd
more than 475,000 in 1987, The overudl
coonomic cost of cancer, includieg the
diract health care costs and losses doe
to morbidity and mortality, was
estimated to be $72.5 billion. The souial
impact of cancer can be measured in
part by the potential years of 1ife tost by
death before age 65. Potential years of
life 1oat were 18 miilion years for cancer
compared to 15 million yesrs for hean
ase {Refl 1),

Risk of occurrence differs markedly
for various types of cancer. In 1990, the
leading types of cancer in mex in the
U.S. were lung (35 percent of all canner
deaths), colorectal (11 percent), and
prostate concer (11 percent). For women,
the leading types were lung (21 percent],
breast (18 percent), and colorectal
cancer {13 percent} {Ref. 1}.

2, Dietary Lipids in the United States

Lipids {fat and ciis) with dietary
importance include fatty acids,
phospholipids, and cholesterol. As
dietary components, lipids are
commonly referred to as “fats.”
Henceforth, the colloguial term, “fat”
will be used in place of the more
technically correct term "lipids.”

The fatty acid components of fat are
classified as short chain (less than 6
carbons), medium-chain {6 to 10
carbons), or long-chain (12 or more
carbons). Fatty acids are also classified
as saturated (lacking double bonds),
monounsaturated {containing a single
double bond), or polyunsaturated
(containing more than one double bond].
The polyunsaturated fatty acids are
subdivided into those whose first doubie
bond oceurs either three carbon atoms
from the methyl carbon {omega-3} or six
carbon atoms from the methyl carbon
[omega-6).

Dietary fats serve several major
physiological functions, and only a brief
overview will be given here. Fats
facilitate the intestinal absorption of the
fat-soluble vitamins. Small amounts of
linoleic and linolenic acid, two
pelyunsaturated fatty acids, are
essential in the diet as precursors of
eicosanoids and phospholipids.
Phospholipids, as weil as cholestert,
are major compaonents of all cell

¥

merbranes and roveling the coating
avound nerve fibers, Cholestoral is i
the precursor of the steroid hormanes
d of Bile actds,

Fatis the most eoncentrited sonoe ol
distary energy of all the nutrients,
suppiving nine caleries per gram fod o
compared to foer calories per g romw
either carbohydrate or protein, More
thian ozee-third of the calories consomed
by mas: people in the United States ooe
provided by fut. In 1085, estimated
average intiuke of fat was as [olow. 19
5 50 year old men, 36 percent; 19 to 50
vear ol women, 37 pereent; 10 3 yoar
ald children, 31 percent of ene
{oaiorie} intake. The largest contrih
U3 totel ot intake for all sex and age
aroups were meal, poultry, and fish as
well as grain-products (including beked
goods and cakes) and dairy produuis.
For adults, meat, poullry, and fish
contributed 32 to 38 percent of {otal fat
intake, grain products contributed 19 to
22 pereent, and dairy products
contrvibuied 13 to 13 percent. For
children, frem 1 to 5 years, daivy
producis {28 percent} was the largnsi
contrihntor to total fat, while meat,
poultry, and fish contribuied 22 periont
and grsin products contributed 24
percent (Ref, 2). ‘

3. Retation of Dietary Fats to Cancer

Fat consumption in the United States
is in excess of that needed to meet the
physiological needs for energy and
essentizl fatty acids. Recent U.S.
Government nutrition guidelines and
goals recommend an American diet with
lower fat {30 percent or fewer of the
calories). saturated fat (10 percent ox
fewer of the calories), and cholesteral
{less than 300 milligrams (mg) daily).
The available evidence shows that
this excess intake of fat has significan:
consequences for the American:
population. While the most convincing
evidence supports a relationship
between dietary fat intake and the risk
of cardiovascular disease, high fat diets
also appear to be linked to increased
risk of some lypes of cancer and chesity
A recent National Research Council's
{NRC's) Report, "Diet and Health:
Implications for Reducing Chronic
Disease Risk™ (Ref. 3) concluded that
although there was less persuasive
evidence for the relationship between
fat and cancer as compared to fat and
cardiovascuiar disease, the weizghi of
evidense from epidemiologic and
experimental animal studies suggesiad
that dietary fat may influence the risk of
some types of cancer, particularly
cancer of the breast, colon, and pros
and possibly the pancreas,
endometrium, and ovary. Although the
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pracise guantification and the nature of
the association between dietary fat and
the pverall risk of cancer has not heen
determined, all recent general dielary
guidelines from the Federal Government
and the NRC have recommended that
lower {at intakes should be encouraged
in the United States {Ref. 1, pp. 119-120}.
C Dietory Fab: Regulatory History

Because there was a Jack of
agreement on the relationship between
fat and cholesterol and geod healih
when the agency's current regulations
were adopted, FDA limited the amount
of informalion that could be provided on
the food labe! about these food
componenis. Current relevant
regulations are § 101.9{c}){6) (21 CFR
101.9(c}{6)), which requires that the fa!
content of a food be included in the
nuirition label (38 FR 2132, January 19,
1973; and amended at 38 FR 6951, March
14.1973), and § 101.25 {21 CFR 101.25)
{42 FR 14302, March 15, 1977), which
provides for the voluntary listing of
cholesterol and fatty acid content as
part of the food’s nutrition label. No
other information on fat or cholestero]
conient is permitted.

In 1986, however, with the emergence
of & consensus that limiting dietary
cholesterol would contribute to good
health, FDA published a proposal to
define terms that describie the
cholesterol content of foods (51 FR
42384, November 25, 1986) and also
proposed to require that, whenever
these or cther terms describing
cholesterol content are used on the
fabel, the fatty acid content of the food
must be declared on the nutrition label.

As part of the Secretary’s food
labeling initiative, FDA issued a
tentative final rule en cholesterol
labeling in the Federal Register of july
19, 1990 {55 FR 29456). In that document,
the agency proposed to limit the fat and
saturated fatty acid content of foods
bearing cholesterol claims. FDA
proposed to limit the use of “cholesterol
free” and “low cholesterol” to foods
which, in addition to containing the
requisite cholesterol levels, contain not
more than 5 g of fat and not more than 2
g of saturated fats per serving. On a dry
weight basis, these foods could contain
not more than 20 percent fat and not
more than 6 percent saturated fat.

For a complete description of FDA's
regulation of the fat and saturated fat
content of foods, see the proposal on fat,
saturated fat, and cholesterol
descriptors published elsewhere in this
issue of the Federal Register.

In response to industry initiatives in
which health messages about the
relationship of low fat diets to reduced
risk of cancer were placed on labels of

breakfast cereals, FDA proposed to
lefine health messages on August 4,
1987 (52 FR 28843). In that proposal, «
“health megsage” was described as 2
¢laiin for a food that addressed the
relationship between that food in a diet
and health. That relationship included
the linkage between certain health
problems {e.g., heart disease) and
ceriain food factors and dietary habits.
Because of a number of comments
suggesting ihat this proposal was vague
and unworkable, after seeking
comments in an advanced notice of
proposed rule making on August 8, of
1989 {54 FR 32610), FDA published a
repropesal for regulating health
messages in February 13, 1990 (55 FR
5176). In that document, the agency
stated that it intended to review
availuble scientific evidence to address
whether & claim may be made with
respect to a number of different topic
areas, including fats and cancer.

On November 8, 1990, as stated
above, the 1690 amendments were
enacted, and FDA was charged with
reviewing 10 topic areas. This document
presents the results of FDA's review of
the relationship between dietary fats
and cancer.

D. Evidence Considered in Reaching the
Decision

The agerncy has reviewed all relevant
scientific evidence on fat and its
relationship to cancer. The scientific
evidence reviewed included all
conclusions reached in: “The Surgecn
General's Report on Nutrition and
Health” (Ref. 4) and the U.S. Department
of Agriculture (USDA) and U.S.
Department of Health and Human
Services (DHHS) report “Nutrition and
Your Health: Dietary Guidelines for
Americans” [Ref. 6). It also considerad
documents from other recognized and
scientific bodies, including: NRC's “Diet
and Health: Implications for Reducing
Chronic Disease Risk” {Ref. 3); NRC's
“Recommended Dietary Allowances”™
{Ref. 5); The World Health
Crgenizations {WHO), “Diet, Nutrition,
and the Prevention of Chronic Diseases™
{Ref. 7); and the Life Sciences Research
Office (LSRO) report “The Role of
Dietary Lipids in Cancer” (Ref. 8). FDA
relied cn these reports for a review of all
evidence available before 1988.

The agency updated the conclusions
reached by these reports by reviewing
all human and animal studies released
since these documents were completed.

To ensure that its review of relevant
evidence was complete, FDA requested,
in the Federal Register of March 28, 1991
{56 FR 12932), scientific data and
information on the 10 specific topic
areas identified in section 3(b)(1)(A) of

the 1990 amendments. The topic of fat
and cancer was among the 10 subjects
on which the agency reguested
information.

E. Comments Received in Response to
FDA Request for Scientific Duta aried
Informetion

In response to the March 28, 1991
Federal Register request for scientilic
data and informaticen on fats and cancer,
FDA received 15 comments from the
food and dietary supplement industries,
a consumer advocacy organization,
trade associations, a state health
department, the Government of Canada,
a private nutrition research foundation,
an organization of public health
professicnals, and a consumer.

The comments dealt with the issues of
fot and cancer and related food label
requirements, as well as the general
geals and requirements of ihe 1990
amendments. FDA reviewed all of the
documents including letters, press
releases, scientific articles, review
articles, and recommendations included
in submissions. FBA included the data
submitted in scientific articles in its
review of scientific literature which is
discussed below.

The comments received from the food
industry, the private nutrition research
foundation, the consumer advocacy
organization, and the consumer
suggested that there was adequats
scientific evidence and scientific
agreement to justify claims for fat and
cancer. The comments from the dietary
supplement trade association and
nutritional supplement manufacturers
stated that the conclusions in several
aunthoritative documents filed in the
FDA docket on this tepic are negative
with respect to the role of nutritional
supplements in providing the protective
nutrients that are associated with
disease. The dietary supplement trade
association suggested that FDA exercise
its independent judgment in reviewing
the evidence on nutrient-disease
relationships and not rely solely on
conclusions drawn in the authoritative
documents.

Comments from a state health
department and an organization of
professional public health nutritionists
recommended caution in approving
health claims and the need to preven!
possible abuse of health claims or
reisinterpretation by the general public.
These comments also expressed concern
about the many topics that are
candidates for health claims under the
1990 amendments.

A comment from a major grain food
manufacturer suggested that one of the
requirements for a fat and cancer health
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clati: shoukd he that the Tood prodact
contains @ mintmum amount of dictary
fiher and a standard Tevel of sl othes
importint nutrients commonly found iy
that food. Criteria for qualifying levels
for fat were suggested as 10 percent of
ealories from food.

A major manvfscturer of food vils and
related food products suggested that fat
intake should be reduced primarily by
lowering saturated fatty acid intake.
‘This comment raised questions about
the possibility of increasing the rick of
heart disease among consumers by
reducing the relative proportions of
polyunsaturated fatty acid intakes along
with reductions in total fat intakes. It
suggested that health claims for fat and
cancer were justified only for foods
especially low in saturated fat rather
than total fat.

Finally, the Government of Canuada
submitied information that it considered
helpful in the context of increased
harmonization of regulations or
standards affecting trade in specific
products. The Director General, Food
Directorate, Health and Welfare
Canada, described the official position
of Canada on the relationship of diet
and nutrients to disease, including
cancer, and the metabolic effects of
nutrients, including fat, as stated in the
volume “Nutrition Recommendations,
the Report of the Scientific Review
Committee—1990" (Ref. 9).

The conclusions of the Canadian
Scientific Review Committee on fat and
cancer were that “the present level of
total fat, and particularly of saturated
fat, in the Canadian diet constitutes a
risk factor for cardiovascular disease
and possibly for certain other diseases
including some forms of cancer.” The
Committee recommended that total fat
intakes of Canadians be no more than 30
percent of energy. The Director General
also stated that food label health claims
or messages regarding the role of fat in
cancer risk could resuit in a food
product being classified as a drug
because the Food and Drug Actin
Canada "“prohibits the advertising and
sale to the general public of a food that
is represented either by label or in
ndvertising as a treatment, preventative
or cure for some 46 diseases, disorders
or abnormal physical states including
cancer.”

1. Review of tne Scientific Evidence

A. Federal Government Documents

In *The Surgeon General’s Report oi
Nutrition and Healith” (Ref. 4), the
potential relationship of dietary fat to
cancer risk was evaluated by reviewing
results of a range of different types of
studies. The report concluded that,

aithoueh nat yvet conelusive,
epidemiolosion] and animal dita
support an aasociation between dict:
fat and the risk of caneer, especiatly
hreast, eolon, and prostate cancer. The
repart stated that the effects of differens
tvpes of dietary fat {i.c., saturated
versus unsaturated) have not been
separated in most human studies avd
considerable vneertainties remain to he
resolved.

The Surgean General's report
conchuded that the weight of the studies
are strongly supggestive of the role for
dietury fat in the etiology of sone types
of cancer (Ref. 4, p. 194).

The conclusions of the other
authoritative documents from the
Federal government listed above
suppoit the positive relationship
between diectary fat and the risk of soine
tvpes of cancer, particularly breust,
colon, and prostate, These conelusions
were the basis, in part, for the “Nutrition
and Your Health: Dietary Guidelines for
Americans” report that recommended
calorie intake from total fat be less than
30 percent (Ref. 6].

R. Other Documents and Statenients

The NRC’s report “Diet and Health:
Implications for Reducing Chronic
Disease Risk” (Ref. 3} included the
recommended goal to reduce total fat
intake to 39 percent or less of calories. It
stated that although less persuasive
than the data supporting the fat and

cardiovascular disease relationship, the .

weight of the evidence indicates that
high fat diets are associated with a high
risk of several types of cancer,
especially of the colon, prostate, and .
breast. This report reviewed
epidemiologic data as well as supportive
evidence from animal studies that
examined the mechanism of
carcinogenesis.

The WHO study group report, "Diet,
Nutrition, and the Prevention of Chronic
Diseases” {Ref. 7) that presented the
collective views of an international

roups of experts, concluded that—

* * * even though the “relationship
between specific dietary components and:
cancer are much less weil established than
those between diet and cardiovascular
disease, * * * a review of the evidence
indicated that a high intake of total fat and in
some case-coidro] studies alsa saturated fat
is associated with an increased risk of
cancers of the coloy, prostate, and breast.:
‘The epidemiological evidence is not totally
consistent, but is generally supported by |
laboratory data from studies in animala.

* * * {ljatakes of less than 30 percent of total
energy wiil be needed to attain a low risk of
fat-related cancers. * * * [Mlost expert
groups now: consider it prudent to reduce fai
intakes’in Western societies from the

Lo St 'A‘ifj‘)ri': ARSI PP

AR 4,!;"3:’,
t. Evidenee Considored

To the extent possible, the agenay
evalizated dota from studies in hay
as well as in animuls. The eriteria that
the egency used to select pertinens
recent studies required that they have
been published and conducted after
NAS’ “Diet and Health” was puhlished
{i.e., after 1988), and that they:

{1) Present primary data carried out in
anima! or in human studies:

{2} Be available in English;

131 Inctude direct measarement of
dietary fat intake as a single nuttiont op
as a component of foods; and

{4) Include direct measurement of risk
of cancer {prognostic indicator,
incidence, development, prevalence, or
mortality).

FDA considered that experiments in
difterent animal species can take genetic
variability into account and permit more
intensive observation under controlied
experimental conditions. However, the
agency believes that extrapolation of
data from animal studies to humans is
limited by the differences in metabolism
and physiology between animals and
humans.

Various types of epidemiologic studies
in humans also have limitations in
methodology. The strengths and
weaknesses of different kinds of
epidemiologic studies and the
methodologies for dietary assessment
relevant to risk of chronic diseases are
reviewed elsewhere [Ref. 3, pp. 23-32).
Despite the limitations in epidemiologic
studies, repeated and consistent findings
of an association between certain
dietary factors and diseases are likely o
be real and indicative of a cause-and-
effect relationship. Studies in animals
can be used to confirm findings in
humans and to elucidate mechanisms
involved.

2. Evaluation Critenta -

The data in humans and animals have
been evaluated against general criteria
for good experimental design, execution,
and analysis. The criteria used in

- evaluating studies in animals include:

{1} Whether experimental diets were
within physiological ranges of intake,
particularly whether levels of fish oil or
total fat in the diet were within'the
range of current human consumption
and whether the diet provided ddequate
linoleic acid for growth of the host and
tumor cclls (There is evidence to suppart
a linoleic acid requirement for optimal
tumorigenesis. In a4 dose-response study,
O'Connor et al. (Ref. 27) tested
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azaserine-induced pancreatic
tumorigenesis by measuring the
developmenti of atypical acinar cell
nodules {AACN) in rats. AACN
development was not affected when the
diet contained less than 5 weight-
percent corn oil but was increased as
the omega-6:omeg-3 fatty acid ratio
increased if the diet contained more
than 5 weight-percent corn oil. This
result is consistent with the reports by
Ip et al. {(Refs. 20 and 71) that there is a
linear relationship of linoleic acid intake
to mammary tumor development in rats
up to an intake level of 4 to 5 weight-
percent.};

{2) Whether confounding factors were
controlled, particularly whether
isocaloric diets were used:

(3) Whether the animal species
selected for study were sufficiently
similar to humans in responses to
dietary modification:

{4) Whether the number of subjects
was large enough to produce reliable
data;

(5) Whether duration of exposure and
period of observation were appropriate:
and

{6) Whether the methods used in the

measurement of disease endpoints were

reliable and accurate.
' The criteria used in evaiuating human
epidemiological studies included:

(1) Reliability and accuracy of the
methods used in food intake analysis
and measurement of disease endpoints:

{2} Choice of control subjects (e.g..
hospital-based versus population
based);

(3) Representativeness of subjects;
{4) Control of confounding factors,
particularly energy intake which has a
- high correlation with fatintake, in data

analysis;

(5) Potential for misclassification of
individuals with regard to dietary
exposure or disease endpoints;

{6) Presence of recall bias and
- julerviewer bias; and
" (7) Degree of compliance and how
compliance was assessed.

FDA evaluated the weaknesses and : -

strengths of individual studies (see
Tables 1 and 2, assessment column). The
strength of the overall combined
evidence (e.g., epidemiologic studies and
animal studies) was then assessed
taking into account the strength of the
association, the consistency of findings,
specificity of the association, evidence
for a biclogical mechanism and presence
or absence of a dose-response
relationship. FDA's conclusions reflect
the strength, consistency, and weight of
the data.

3. Review of the Evidence

a. Axnimal studies. Twenly-one animal
sludies were teviewed and critigued in
Table 1. Most studies used rats or mice.
and a few studies used hamsters. Mos!
rodent studies used a known cancer
initiater, promoter, or both in
conjunction with fats. A few studies
used the transplant technique of existing
tumor cells or cell lines.

i, Level of fat in the diet. Fourteen of
the reviewed animal studies examined
the effect of levels of dietary fats on
ihcidence or development of cancer at
the following sites: mammary gland
(Refs. 10, 11, and 12), colon (Refs. 13
through 16), pancreas {Refs. 17 through
19), lung {Refs. 12, 21, and 22),
gallbladder and common duct {Ref. 18},
and skin {Ref. 23). The range of fat level
tested, in most studies, was 5 to 20
percent by weight. The major dietary fat
source was corn oil or beef tallow.
Eleven of the studies examined the
effect of omega-3 fatty acids in the
development of cancer at the following
sites: mammary gland (Refs. 12, 24, and
25), colon (Refs. 15, 16, and 26), pancreas
[Ref. 27), lung {Ref. 12), skin (Refs. 28
and 29), as well as lymphoma and
thymoma (Ref. 30), and sarcoma (Ref.
31). The major omega-3 fatty acid
sources tested were menhaden oil and
maxEPA. MaxEPA contains both
eicosapentaenoic acid and
docosahexaenoic acid as its major fatty
acids. while menhaden oil contains only
eicosapentaenoic acid as its major fatty
acid.

Although there were few studies that
examined the effect of fat consumption
with lung and skin cancer, their results
are consistent. All three studies of lung
tumorigenesis showed an adverse effect
of high fat versus low fat diets {Refs. 12.
21, and 22)}. Similar results were
observed for the single study of skin
tumorigenesis {Ref. 23).

However. mixed results were
observed for tumorigenesis at the
mammary gland, colon, and pancreas.
One study showed a high risk of
mammary cancer with high fat intakes
(Ref. 11), Two studies showed no
significant relationship of mammary
tumorigenesis with fat intakes (Refs. 10
and 12). Shao et al. (Ref. 10) also
reported no association between intake
of total fats and mammary
tumorigenesis in mice. However, the
very high nontumor-related death rate
{26 of 60 total) observed among the
experimental animals makes it difficult
to interpret the findings.

For colon cancer, one study (Ref. 16}
showed a high risk of colon
tumorigenesis with high fat intakes. A
second study (Ref. 15) showed a

significant relationship of a high fai diet
to tumor incidence, but not umor
maitiplicity. A third study {Rei. 14},
however, showed no association.
Sinkeldam {Ref. 13) also reported &
significant effect of high fat on N-
methyl-N’ -nitro-N-nitroscguanidine-
induced colon tumorigenesis in rals.
However, the results might have been
confeunded by an inadequate provision
of linoleic acid in the diet.

Similarly, for pancreatic cancer, one
study {Ref. 17) showed a positive
relationship. but another showed
inconsistent effects, of fat intake on
different lesions: adenoma,
adenocarcinoma, or carcinoma in situ
{Rel. 19). Appel et al. (Ref. 18) did not
find a significant difference in azaserine
induced pancreatic necplasms in rats
between a group of rats given the 20
percent by weight lard (20 percent of the
diet as measured by weight, not
calories) and a group receiving a
combination of 4.5 percent by weight
lard and 0.5 percent by weight safflower
oil. However, the low lard diet might not
have provided adequate linoleic acid for
growth of tumor cells.

Although the results of the animal
studies are not in complete agreement,
taken as a whole, and considered in the
light of the aforementioned criteria,
rodents consuming a high fat diet
experienced significant elevation in the
occurrence of tumors as measured by
incidence, multiplicity, or metastasis. As
discussed above, some animal studies
showed significant reductions in the risk
of tumorigenesis by reducing fat intakes
from 20 percent by weight to 5 percent
by weight. However, there was no dose-
response study that quantitatively
delineated the level of fat reduction in
the diet necessary to cause reduced
tumorigenesis. Tumor yield was
enhanced when a high fat diet was fed
after, but not before, initiation of
tumorigenesis, which suggests a
promotional effect of dietary fat (Refs,
16 and 23). _

ii. Fat level versus energy {calorie}
intake. Intake of dietary fat is highly
correlated with energy (in this
document, energy is used in place of
calorie] intake; and the question has
been raised as to whether energy intake
or fat intake is the major dietary factor
affecting tumorigenesis. In many recent
animal studies, researchers have tried to
determine the independent effect of
dietary fats on tumorigenesis by using
isocaloric diet$ or by training
experimental animals to consume
similar energy. Most of these studies
with similar energy provisions among
test groups showed significant
associations between dietary fat level
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and cancer risk: mammary tumors (Ref.
1), pancreatic tumors (Ref. 17). and skin
tumors {Ref. 23). One study {Ref. 19],
however, with similar encrgy provisions
showed inconsistent results in N-
nitrosobis (2-oxopropyl) amine-induced
pancreatic ductular tumerigenesis. In
this study, high fat significantly
increased multiplicity of carcinomas in
situ but not multiplicities of adenomas
or adenoccarcinomas. In addition, from a
Murine mammary tumor virus-induced
mammary tumoer study in mice, Shao et
al. (Ref. 10) reported that energy
consumption rather than fat level affects
tumerigencsis. However, this study had
severe limitations in its methodolegy
and execution because of a high,
unexplained, nontumor death rate (26 of
6 lotal mice) which was even higher
than the tumor death rate (19 of 60
total).

Albiundant data have shown that
energy resiriction itself significantly
reduces cancer risk probably through
different mechanisms than the one
through which dietary fat exerts its
effect (Ref. 11). Although both fats and
energy have been shown to have
independent effects, precise relative
contributions of fat and calories to
cancer incidence is beyond the scope of
this document.

iil. Types of fat. The effects of
different types of fat (saturated fat,
monounsaturated fat, and
polyunsaturated fat) on tumerigenesis
have not been studied extensively, and
the results that do bear on this issue are
as yet inconclusive. Generally, both a
high corn oil diet (Refs. 11, 12, 17, 21 and
23) and a high lard diet (Ref. 13} exerted
tumor-enhancing effects.

iv. Fish oil, omega-3 rich. The
relationship of omega-3 fatty acids to
cardiovascular disease is addressed
specifically as a separate topic area.
Therefore, this text will discuss only
scientific data relevant to the
association of omega-3 fatty acids with
cancer.

Most studies, although concluding that
a diet high in fish oil suppresses
tumorigenesis, are limited by flaws in
methodology. The main limitation is that
the testing dose of fish oil in the diet,
from 10 to 20 percent by weight in most
studies, is unrealistically high for the
current U.S. diet. Another limitation is
that the diets under study often
contained fish oil as the sole fat source
or contained very high amounts of fish
oil with very low amounts of corn oil.

Those very high fish oil diets would
not have provided adequate linoleic acid
for growth of the tumor cells. There may
be a dietary requirement of linoleic acid
at.3 to 5 percent by weight to yield a
maximum carcinogenesis at' the

sesmmary gland and pancreas in
rodents. The amount of linoleic acid
required for maximal tumorigenesis is
higher than the linoleic acid requirement
for growth of the rodents, exclusive of
the tumor cells (1 to 2 percent energy,
which means 1 to 2 percent of the total
dietary intake as measured in calories).
The linoleic acid requirement for
tumorigenesis has not been examined
for tumors other than mammary and
pancreatic. However, it is not possible
to rule out the possibility that linoleic
acid deficiency, rather than fish oil,
might have caused, at least in part, the
observed tumor suppression in fish oil
studies. Therefore, FDA did not include
fish oil studies in which the animals
received very limited linoleic acid
provision in their diets in the following
discussion.

There are few fish oil studies in which
the linoleic acid provision secmns
adequate for growth of tumor cells as
well as for the animal in which the
tumor is present (Refs. 12, 15, 16 and 27).
Reddy et al. (Ref. 16) reported that
azoxymethane-induced colon
tumorigenesis in rats was significantly
suppressed by a very high level of fish
oil (18.5 percent by weight) diet
compared to high levels of corn oil in the
diet. Unlike the effect of total fat on
tumorigenesis, the effect of fish oil was
evident during the initiation as well as
the postinitiation period.

O'Connor et al {Ref. 27] studied the
relationship of a linearly increased
omega-3:omega-8 fatty acid ratio in the
diet with azaserine-induced pancreatic
AACN. In this study, test levels of fish
oil and total fat included the level of
current consumption by the U.S.
population. An increased omega-
3:omega-6 ratio at 0.01 to 7.0
significantly decreased AACN in
number and volume. There was
significant regression between an
increased omega-3:omega-6 ratio and
decreased AACN diameter.

Deschner et al. (Ref. 15) reported a
biphasic response of fish oil on azoxy-
methane-induced colon cancer in mice.
In this study, a 4.4 percent fish oil to 16
percent corn oil diet significantly
enhanced the tumorigenesis while a 10.2
percent fish oil to 10.2 percent corn oil
diet suppressed it. Because the corn oil
level is not held constant as the fish oil
concentration is varied, it is not possible
to comment on the tumorigenic effect of
fish oil alone, though this does suggest
that an increase in the fish oil to corn oil
ratio may cause a decrease in tumor
production. Adams et al. (Ref. 12)
reported a nonsignificant tumor
inhibiting effect of high (15.5 to 20.5
percent by weight) fish oil on

transplanted mammary tumarigenesis in
rats.

Although most studies consistently
concluded that there is a suppressive
effect of fish oil on tumorigenesis, the
results cannot be extrapolated to
humans because of study design
limitations described above.

v. Biochemical mechanisms. Although
several mechanisms have been
proposed, the biochemical mechanism
by which fats affect tumorigenesis has
not been definitely established. While
the required level of linoleic acid intake
for optimal expression of mammary and
pancreatic carcinogenesis in rats has
been determined to be 4 to 5 percent by
weight in the diet, how linoleic acid
affects tumor development is not yet
clear.

Several hypotheses about the
mechanism of enhancement have been
debated. One suggestion is that
eicosanoid synthesis and changes in the
fluidity or microenvironment of cell
membranes affect tumorigenesis (Ref.
32). Another proposed mechanism is
that polyunsaturated fatty acids may
promote fat peroxidation at cell
membranes or subcellular sites such as
deoxyribonucleic¢ acid (DNA),
mitochondria, or microsomes, leading to
the initiation of carcinogenesis (Ref. 32).
A third suggestion is that dietary fats
alter immune function, gene expression,
and metabolism of chemical carcinogens
(Refs. 34 and 35). Fats may also increase
levels of estrogen and androgen, thereby
enhancing the risk of such endocrine-
responsive tumors as cancer of the
breast and prostate {Ref. 36).

With regard to colon cancer, the
effects of free fatty acids and bile acids
on the colonic-epithelium have also been
debated. The ionized forms of these
substances may be irritating and toxic
to colonic epithelial cells and may
increase cancer risk by promoting or
possibly initiating colon carcinogenesis.
Bile acids, particularly those modified
by intestinal enzymes, may also
increase cancer risk by accelerating
turnover of intestinal mucosal cells (Ref.
33). Omega-3 fatty acids found in fish oil
may suppress tumorigenesis by an
altering eicosanoid production.

b. Human studies. FDA considered the
following kinds of human studies in this
review of the role of dietary fats in
cancer: (1) Correlational {ecologic)
studies—correlational studies examine
the relationship between the exposure
and health outcome among populations
using grouped data. Because these
studies do not examine relations among
individuals, they have been regarded
traditionally as useful for generating
hypotheses rather than definitively



60770

Federal Register / Vol. 56, No. 229 / Wednesday. November 27, 1891 / Proposed Rules

testing such hypotheses; (2) analytic
epidemiologic studies—studies that
involve comparisons of individuals have
been regarded as the strongest type of
observational evidence in human
populations. In case-control studies, the
relationship of an attribute to the
disease is examined by comparing
persons who already are diagnosed with
cancer (cases) to persons without cancer
{controls). A potentially serious
limitation of the case-control study is
that diet is assessed in the cases after
diagnosis, so that cases may
unintentionally overestimate or
underestimate fat intake. Cohort ¢tudies
compare individuals who have been
exposed to a risk factor to these who
have not and observe the individuals
over time to determine if disease
develops. In cohort studies, diet is
assessed at the beginning of followup,
before cancer develops.

Two criticisms have been raised in
regard to results of the analytical
epidemiologic studies of dietary fats and
cancer. Such studies are often carried
out in populations with a fairly narrow
range of fat intake. Thus, it is difficult to
show a dietary fat effect, especially if
the true protective effect of a low-fat
diet emerges only at a level below the
intake of most members of the study
population. Also, because there is
considerable error in the assessment of
diet, there may be considerable
measurement error resulting in
risclassification of a substantial
proportion of subjects. Homogeneity of
dietary intake in populations, together
with misclassification of dietary data,
tends to weaken the observed
association and limits the ability of
epidemiologic studies to demonstrate a
true direct relationship between dietary
fats and cancer.

Thirty-one original epidemiological
research articles published since 1987
were reviewed and are critiqued in
Table 2.

i. Breast cancer. In relation to breast
cancer, 2 ecologic studies (Refs. 37 and
38), 2 cohort siudies {Refs. 39 and 40), 11
case-control studies (Refs. 41 through 51,
and Refs. 87 and 89j, 2 surveys {Refs. 52
and 53), and 6 studies examining
prognostic indicators of breast cancer
{Refs. 53 through 58), and 1 metaanalysis
cf 12 case-contrel studies {Ref. 73) are
included in Table 2.

The Hursting, et al. correlational
{ecclogic) study (an international
correlation study combining data frem
20 ceuntries (Ref. 38)) found significant
associations between estimated total fat
intake and the incidence of breast
cancer. Energy intake, which is highly
correlated with fat intake, was adjusted
in the data analysis. Therefore, the

effect of dietary fat on the cancer
incidence was assessed independently
ol the effect of energy intake. When the
results were adjusted for intake of other
component fats as well as total calories,
the intake of saturated fatty acids was
significantly associated with the
incidence of breast cancer. The intake of
omega-6 polyunsaturated fatty acid was
also associated with breast cancer
incidence. However, intake of
monounsaturated fatty acids or omega-3
polyunsaturated fatty acids was not
associated with any cancer risk.

In another correlational study,
Prentice (Ref. 37) also examined the
relationship between estimated per
capita fat intake and breast cancer in 21
countries. Dietary fat, but not protein or
carbohydrates, was significantly
associated with breast cancer incidence.

In conclusion, the correlational
studies demonstrated a significant
positive association between dietary fat
and breast cancer. The effect of dietary
fat on breast cancer risk seems to be
independent of the effect of energy. No
specific fat type was found to be
responsible for the observed risk of
breast cancer.

Most of the case-control studies found
a significant association between
dietary fat intake and breast cancer risk
{Refs. 44, 46, 47, 50, 51 and 87). Among
those six studies with positive results,
three studies (Refs. 46, 50 and 87}
adjusted energy intake in the risk
estimation. Gerber (Ref. 43) reported a
borderline (p=0.07) association but did
not adjust for energy intake. Holm (Ref.
53]j reported that patients with higher
fat-energy intakes had larger tumors
than patients with less fat-energy and
higher carbohydrate-energy intakes.
However, the authors did not consider
the possible confounding effect of lead
time (the period of time between start of
tumor growth and clinical diagnosis of
cancer) among individuals with different
levels of fat intake. A case-control study
investigating the relationship between
diet and histologic types of benign
breast disease among Canadian women
{Ref. 89) found that severe atypias and
borderline carcinomas in situ were
associated with frequent meat fat
consumption but the results were not
statistically significant.

Two studies (Refs. 42 and 45) resulted
in no associations. In one (Ref. 42},
intakes of energy, protein, cr
carbohydrates were also not associated
with the risk of breast cancer. However.
dietary habits of the population may
have been homogeneous, thus reducing
the ability to detect variation in disease
risk associated with variation in dietary
intakes. In the other negative study by
Pryor {Ref. 45), subjects (ages 20 to 54)

were asked about their food habits
during the adolescent period. Errors in
recall of dietary intake up to 40 vears
before might have biased the resulfs,
because of a selective memory
difference betiveen the cases and the
controls,

In a study of 85 Israeli women, Eid
and Berry {Ref. 52} reported that fatiy
acid composition in breast tissue was
not associated with the risk of breast
cancer. In this study, the percent
composition, but not the amocunt of fatiy
acids, was reported. Studies in rodents
have demonstrated that after a
requirement for linoleic acid is met, total
amount rather than type of fat in the diet
is respomnsible for tumorigenesis.
Therefcre. the results of Eid and Berry
are not contradictory to the current fat
and cancer hypothesis. On the other
hand, Neoptolemos et al. (Ref. 59} found
that tissue arachidonic acid was
decreased in colon cancer patients
whereas there was no difference in
dietary intake. The authors suggested a
possible disturbance in fat metabolism
in cancer patients. '

Howe (Ref. 73) performed a meta-
analysis of 12 case-control studies of
diet and breast cancer. He found a
consistent, statistically significant
positive association between breast
cancer risk and saturated fat intake in
post menopausal women. However, he
was unable to adjust the results for total
caloric intake.

Considered together, the case-control
studies support the conclusion that there
is a positive association between
dietary fat and breast cancer. The effect
of fat intake on the risk of breast cancer
is independent of the effect of energy
intake. The total amount of fat rather
than any specific type of fat seems to be
responsible for the elevated risk of
breast cancer.

The Howe et al. cohort study, (Ref. 40}
found a weak but significant association
between total fat intake and the risk of
breast cancer in a prospective study in a
large cohort (56,837 women, 519 cases
during a 5-year followup). The group
that consumed the highest amount of fat
demonstrated a risk of developing
breast cancer that was 1.3 times as great
as the group that consumed the least
amount of fat after adjustment for other
sources of energy. Intake of various
types of fat (saturated,
monounsaturated, and polyunsaturated
fatty acids) showed a general pattern of
increasing risk of breast cancer with
exceptions in the lowest quartile for
intake of saturated and
monounsaturated fatty acids. Cn the
other hand, in a 20-year prospeciive
study with a smaller cohort (3,988
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women, 54 cases) in Finland, Kneckt et
al. (Ref. 39) found no association
between energy-adjusted fat intake and
risk of breast cancer. The strength of the
association between fat intake and the
breast cancer risk could have been
underestimated in this study because of
possible changes over time in dietary
habits during the 20 years before
diagnosis.

The results of these two prospective
studies are contradictory regarding the
relationship between dietary fat and
cancer. To date, only a small number of
prospective studies that have examined
this assnciation have been completed.
Becausc of the long latency period of
breast cancer, a suitable length of time
for a prospective study is likely to be 20
years or more, which presents many
difficulties in its administration. In
addition, in order to demonstrate an
effect, the fat intake of the population
would have to show sufficient variation
to detect an effect.

To test the feasibility of low-fat
dietary maintenance over time, a 2-year
intervention study by Insull et al. (Ref.
60) required that subjects maintain a
diet comprised of only 20 percent of
total calories for 2 years. Compliance
was good, thus supporting the authors’
inference that studies that requiring
maintenance of a low-fat diet are
feasible.

ii. Colon cancer. There have been few
studies published on the relationship of
dietary lipids to colon cancer since the
authoritative documents. An overview
of these studies is given in Table 2 and
discussed below.

The Hursting, et al. correlational
(ecologic) study (Ref. 38) found a
significant association of energy-
adjusted, estimated total lipid intake
and the incidence of colon cancer. When
the results were adjusted for intake of
the saturated fat component of lipids as
well as total calories, the intake of
saturated fat was significantly
associated with the incidence of colon
cancer. The intake of omega-6 or omega-
3 polyunsaturated fatty acids were not
associated with the risk of colon cancer.
(See Table 2 for detailed critiques for
each study.) Morales Suarez Varela-et
al. (Ref. 90} evaluated the relationship
between Spanish diet and rectal or
colon cancer and found a positive
correlation between rectal or colon
cancer and total fat consumption.
However, the results were not adjusted
for total energy intake or for lifestyle
confounders such as tobacco smoking.

A case-control study in Utah (Ref. 61)
also reported a significant association of
total fat intake with the risk of colon
cancer in both females and males. In
females, the group consuming the

greatest quantity of total fat exhibited
1.9 times the risk of colon cancer as the
group consuming the lowest quantity. In
males, the risk was 2.0 times as great.
However, various lipid types (saturated
fat, monounsaturated fat, and
polyunsaturated fat) were not
consistently associated with the risk.
Energy intake, not adjusted in the risk
assessment, may have confounded the
results.

De Verdieu (Ref. 77) in a Swedish
case-control study of colorectal cancer
found an increased risk with increased
energy intake and with increased total
fat intake but only the trend of
increasing risk with increasiug
consumption levels was statistically
significant. None of the individual fat
consumption levels was associated with
increased risk of colorectal cancer. The
results were adjusted only for fiber
intake and not for total energy. Also,
there was a high nonresponse rate
among the cancer cases. 21 percent,
which may have biased the results.

Slattery, et al. {Ref. 88) conducted a
case-control study of colon cancer in
Utah that found a nonsignificant
increase in cancer associated with total
fat intake. The results were not adjusted
for total energy intake.

Cohort studies—a prospective study
of 88,751 registered nurses was
performed by Willett. et al. (Ref. 62).
During a 6 year followup period, 150
colon cancer cases were identified.
After adjusting for the difierence in age
and erergy intake, a positive association
was found between fat and colon
cancer. Specifically, the group with the
highest total fat consumption
demonstrated a risk of developing colon
cancer that was 2.0 times as great as the
group with the lowest fat intake. The

- groups with the highest consumption of

animal fat, saturated fat, and
monounsaturated fat also showed a
higher risk of developing coler cancer of
1.9, 1.4, and 1.7 times the groups with the
lowest consumption, respectively.
Intakes of linoleic acid, vegetable oil,
and cholesterol were not associated
with cancer risk.

A prospective study of 8006 Hawaiian
Japanese men (Ref. 85) was conducted
to assess the impact of fat and calcium
intake on the risk of developing colon or
rectal cancer. The cohort was followed
for 22 years. The results, which were not
adjusted for total energy intake,
demonstrated that fat intake did not
affect colon or rectal cancer risk.

Thus, recent human studies on fat and
colon cancer show an inconsistent
association between intake of total fat
and the risk of colon cancer. Many of
the studies are difficult to interpret

because the results were not adjusted
for the effects of energy.

iii. Other cancer. Correlational
{ecologic) studies {Ref. 38) demonstrated
a significant association of energy-
adjusted, estimated total lipid intake
and prostate cancer but not with the
incidence of cervical or lung cancer.
When the results were adjusted for
intake of component fats as well as total
calories, the intake of saturated fat and
omega-6 polyunsaturated fat was
significantly associated with the
incidence of prostate cancer. The intake
of monounsaturated fat or omega-3-
polyunsaturated fat was not associated
with of risk of cancer. See Table 2 for
detailed critiques for cach study.

Ghadirian et al. case-control studies
{(Ref. 63) found significant associations
of total lipid and saturated fat intake
with the risk of pancreatic cancer in a
case-control study in Montreal;
however, cholesterol was not
significantly associated with risk. Age,
sex, energy intake, response status, and
cigarette smoking habits were adjusted
in the data analysis.

Baghurst, et al. (Ref. 75) in a case-
control study of pancreatic cancer found
an increased risk with increased
cholestero! intake but not with
polyunsaturated fatty acids. Thus, the
results are somewhat contradictory. A
well done case-control study of -
pancreatic cancer (Ref. 78) found no
increased cancer risk associated with
consumption of total fat, saturated fat,
cholesterol, or omega-3 fatty acids. The
results were adjusted for total caloric
intake as well as for all major risk
factors for pancreatic cancer other than
diet. Finally, LaVecchia, et al. (Ref. 82}
also found no relationship between
pancreatic cancer and indicators of
dietary fat in a well-controlled case-
control study.

A case-control study in Hawaii (Ref.
64) showed that male lung cancer
patients consumed significantly more
fats {total fats, saturated fats, and
monounsaturated fats) compared to the
controls after adjustments for age,
ethnicity, and cigarette smoking.
However, there was no significant
association between lipid intakes and
risk of lung cancer in females. Another
case-control study of lung cancer (Ref.
79) found a borderline increased risk of
lung cancer associated with high levels
of cholesterol consumption but not with
total fat consumption. A case-control
study of laryngeal cancer found no
association with indicators of dietary fat
(Ref. 81).

Steineck (Ref. 65) reported a dose-
response relationship between total fat
intake and the risk of urothelia} cancer
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in a case-control study in Sweden.
Gender, age, and smoking habits, but
a0t energy intake, were adjusted in the
data analysis. Maclure, et al. {Ref. 83)
found a weak association between risk
of renal cancer and fat consumption.
{See Table 2 for detailed critiques of
these studies.)

Blatiery, et al. (Rel. 86) in a case-
conire] study of prostate cancer found
no asscciation with a high fat diet
consumed as adolescents and a slight
association with a high fat diet
consumed by cases as adults.

Thus. one correlational study found a
positive, energy-independent
association cf total fat intake with the
risk of prostate cancer but not with the
risk of cervical or lung cancer. One case-
contro! study found a positive. energy-
independent association of {otal fat
intake with the risk of pancreatic
cancer, but three other case-control
studies of pancreatic cancer found no
association with fat intake. The results
of two case-control studies of lung
cancer were not consistent for males
and females, thus raising questions of
interpretation. Variocus types of fat did
not show any specific effects on risk of
the various cancers examined. In
conclusion, there is some evidence that
total fat intake may increase the risk of
prostate cancer but not the risk of
pancreatic, cervical, pancreatic or lung
cancer. The effect of fat seems to be
independent of the effect of energy.

iv. Studies testing fat-containing
foods. A few studies tested the
association of lipids as constituents of
food with the risk of breast cancer (Refs.
41, 44, 46, 48, 49, 62 and 65 through 68).
The results of these studies were
contradictory. Meat consumption was
positively associated with risk of colon
cancer or rectal cancer {Refs. 62, 66 and
67) and with stomach cancer (Ref. 76},
but not with risk of breast cancer (Refs.
41, 44, 46 and 49), lymphoma (Ref. 68).
arothelial cancer (Ref. 65), or oral cavity
or pharyngeal cancer (Ref. 69). An
additional case-control study of stomach
cancer found a decreased cancer risk
with increasing consumption of
vegetable fat (Ref. 74). Consumption of
whole milk (Ref. 48) or milk (Ref. 63)
was significantly associated with the
risk of cancer of the breast, colon, rectal.
lung, bladder, prostate, oral cavity, and
of iymphoma, but not with ovarian
cancer {Ref. 84). Consumption of dairy
products was significantly associated
with the risk of cancer of the breast (Ref.
46), rectum (Ref. 67), and lymphoma
{Ref. 68) but not with the risk of colon
cancer (Ref. 67). Consumption of
margarine was not associated with the
risk of colon cancer (Ref. 66).

Methodological limitations inherent in
case-control studies using food
frequency questionnaires may have
contributed to the difficulty of
interpreting these results. These
limitations include recall bias,
interviewer bias, inconsistency in
estimation of feod consumption, and
homogeneity of the population tested.
Interactions among nutrients or other
food components beyond fat might also
have weakened the results.

4. Other Relevant Information

a. Breast cancer and colon cancer:
public health aspects. Breast cancer is
the second leading cause of cancer
death among women. In 1990,
approximately 44,000 women died of
breast cancer in the U.S., while 150,000
new female cases were diagnosed.
Approximately 1 woman in every 10 will
develop breast cancer in her life (Ref. 1.
pp- 415-6). The prevalence of breast
cancer in the United States was
estimated to be 1,517,882 cases in 1990.
Thus breast cancer represented 24
percent of all cancers in 1990 and 38
percent of all cancers in females (Ref.
73).

Breast cancer risk increases with age,
but the slope of the age-specific
incidence is different before and after
menopause. Risk rises rapidly up to
about the age of 50 tc 55, at which time
the rate of increase slows or even
reverses in some populations. After
menopause, another rise occurs in high-
risk populations.

Breast cancer has tended to be more
common among higher socioeconomic
groups and among Caucasians.
Recently, however, rates have been
rising among blacks. Hispanics, and
people of Asian origin. The health care
costs for breast cancer for 1990 are
estimated at $8.5 billion, with an
additional $16.5 billion, if lost wages due
to disability and early mortality are
considered (Ref. 73).

Colon cancer is a common disease in
developed countries. It is the third
leading cause of cancer death in the
western world, exceeded only by lung
and breast cancer. In the United States,
colon cancer is a major cause of illness
and death, accounting for 14 percent of
all cancers diagnosed. The current U.S.
age-adjusted incidence rate for colon
cancer is 34.7 new cases per 100,000
population (Ref. 70). In 1990 the
prevalence was 338,980 cases in men
and 432,435 cases in women in the
United States [Ref. 73). Both incidence
and mortality from colon cancer have
been relatively stable for the past 30 to
40 years. Recently, however, there has
been an indication that mortality is
decreasing among women in North

-3

America and possibly among men in the
Usnited States (Ref. 3, p. 118). Healih
care costs for colon cancer {1990) were
estimated at $4.3 billion, with an
additional $8.4 billion in lost wages due
to disability and early mortality (Ref.
73).

b. Potential safety concerns of dietury
fat intake restriction. Restriction in the
intake of dietary fat may reduce the
consumption cf essential fatty acids.
The requirement of linoleic acid to avoid
essential fatty acid deficiency is1to 2
percent of tota! caloric intake. Currently,
the average linoleic acid consumption in
the U.S. ranges between 5 and 10
percent of total calorie intake. and
deficiencies of essential fatty acids are
rare in the U.S. Thus, a reduction of total
fat consumption from the current 36 to
37 percent of total calorie intake to
about 30 percent is not likely to cause
essential faity acid deficiencies in the
general population.

5. Conclusions

Although the resulis of animal studies
are not entirely consistent, taken as a
whole, the results show that high fat
diets enhance carcinogen-induced tumor
development f the mammary gland,
colon, pancreas. and lung, independent
of the effect of energy intake. There
seems to be an optimal intake of linoleic
acid to yield maximum mammary and
pancreatic carcinogenesis in rats. The
amount of dietary linoleic acid (3 to 5
percent by weight} for maximum
mammary tumorigenesis in rodents is
higher than the linoleic acid requirement
for the rodent, exclusive of the tumor
cells (1 to 2 percent by energy). and
approximates the current, average
consumption of linoleic acid in the U. 5.
Once the linoleic acid requirement is
met, the total amount of fat in the diet.
rather than types of fat, seems to be
responsible for tumor development
[Refs. 20 and 71).

The effects of different types of fat on
tumorigenesis have not been studied
extensively, and the results are as yet
inconclusive. Generally, both a high
saturated fat diet and a high
polyunsaturated fat diet show tumor
enhancing effects. Most studies that
examined the effects of omega-3 fatty
acid-rich fish oils on tumorigenesis
consistently concluded there was a
suppression of tumorigenesis. However.
most of these studies were flawed in
biological plausibility, and the results
are not easily extrapolated to humans.
The mechanism by which fat affects
tumorigenesis has not been definitively
established. :

Internationa!l correlational studies of
human populations reported that dietary
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Hpid intuke, independent of encroy redaction i el intabe and altered From the review of other authoriticiv
: IJN i m;oc:ated with tumorigenesis cancer risk m populations. Therefore o dovuments and recent research revorts,
is not possible to eonclade how much the ageney concludes that dietury fat

particularly of the breast, colon, and
pi ﬂ}ullt, but not with the incidence of
Cory mxl or lung cancer. These results
that ihe effect of fat intake ¢n
acer incidence may be sile-specific.
Four cohort studics were reviewed. In
a 20-vear followup study in Finland.
v-adjusted tota! fat intake was not
AS80C ned with the risk of breast
cancer. In a large, 5 year followup sludy

in Canada. the energy-adjusted intake of

total fat was .ysdkiv but qxgmh( antly
associated with the risk of breast
cancear. All three fat types {saturated,
monounsaturated, and polyunsaturated)
showed a general pattern ¢f increasing
risk with increasing fat intake. In a large
cohort study of 88,752 nurses, Willett et
al. {Ref. 82) found a significant
association of dietary total fat, animal
fat, saturated fat, and monounsaturated
fat with the incidence of colon cancer.
However, a Japanese cohort study
demonstrated that fat intake did not
increase the risk of colon or rectal
cancer {Rel. 85).

The total fat intake was associated
with the risk of breast cancer in most.
but not all, case-control studies: Six
studies found a significant relationship,
one study found a borderline
association, and two studies found no
relationship. As in the animal studies,
no specific effects of different types of
fat were found in these studies. In some
studies, all types of fatty acids were
associated with carcinogenesis; in some
other studies, only saturated or
monounsaturated fatty acids were
associated.

Because energy intake and lipid
intake are highly correlated. it is
possible that the association between
dietary tats and cancer is confounded
by energy intake. It also has been
demonstrated in animal and human
studies that energy intake in excess of
an essential reqmremem is of primary
importance in determining the incidence
of induced and spontaneous tumors.
However, FDA s evaluation of recent
research reports, both in animal and
human studies. provides convincing
evidence that the effect of dietary lipids
en tumorigenesis is independent of the
effect of energy.

Few studies evaluated fats in the
context of overall food consumption.
The results of studies of the association
between the risk of cancer and
consumption of meat, milk. or dairy
products are inconsistent.
Methodological limitations may have
obscured any association that exists.

There have been no clinical trials or
diomrv intervention siudies examining

the quantitative relationship between

reduction in fut intake is necessary, ot
how soun in life it must commence, to
H'dm'(* the risk of concer in the 115,
poplation. Interventinn siudies of
cancer are difficult to perform l,e(,‘msu
the ravity of outcome for specilic types
of cancer requires enormous sample
sizes. In addition, the leng latency, 20 to
30 vears for most types of cancer, nm'\w
such studies difficult and costly. For this
reason, observational epidemiology
studies are generally accepted as
suflicient, as was the case for the first
Surgeon General s Report on smoking.
Nevertheless, the weight of evidence
shows that a diet that is low in total fat
is consistent with a low risk of some
tvpes of cancer.

The 17-year followup study of the
National Center for Health Statistics’
First National Health and Nutrition
Examination Survey (Ref. 72} examined
the relationships between dietary fat
and the risk of cancer of the breast,
prostate, and colon in 5,454 men and
7.876 women. No evidence of increased
risk of cancer in the group with the
highest fat intake was found. The
difference in fat intake between the
groups with the highest and the lowest
fat intakes, 37 percent energy versus 32
percent energy. was not as great as the
differences in fat intakes between
countries. These results suggest that a
reduction in fat intake to less than 30
percent of total calories may be needed
to uhserve any reduction in cancer risk
in the United States.

Thus, the conclisions of the
authoritative reviews that dietary fats
have an important influence on cancer
incidence and mortality, particularly at
sites such as the breast, colen, and
prostate, are supported by the results of
recent animal and ecological stu. .ies
Results of human prospective and case-
contro! studies are less suppo:tive, in
part because of limitations ;n the
experimental design. However, the
majority of case-contrel studies are
consistent with the conclusion that fa!
intake is associated with the risk of
breast and colon cancer.

Although cancer at many sites was
affected by fat intake in animal studies,
epidemiologic studies failed to show
convincing evidence for the fat and
cancer relationship at various sites.
Furthermore, an international ecologic
study feund an association between fat
intake and cancer of the breast, colon.
and prostate but not of the cervix or
lung. These results suggest that the
effect of fat on cancer may be site-
specific.

intahe may affect the risk of breast,
colon, and prostate cancer. More studies
are needed to examine the mmimnshlp
between utintekes and cancer at ether
sites.

No scientific evidence s available
that demonstrates that any specific fat
type is more causative of cancer than
another. All types of fot {saturated,
monounsaturated, and polyunsatuwrated)
may be associated. Therefore, total fat
content. rather than any specific type,
may be responsible for the tumor
enhancing activity of fat in the curren?
diet of the U.S. population.

I11. Tentative Decision to Authorize a
Health Claim Relating Ingestion of
Dietary Fat to Reduced Risk of Cancer

FDA has reviewed the Federal
government and other review
documents as well as recent research
and review articles relevant to dietary
fat and cancer risk. In addition, the
agency considered all comments
received in response to the Federal
Register notice of March 28, 1991,
requesting scientific data and
information on fat and cancer. The
agency has tentatively concluded that
all the publicly available evidence
supports an association between dietar
fat and cancer risk. FDA tentatively
finds, based on this evidence and the
authoritative reports. that there is
significant scientific agreement among
qualified experts. The agency is
proposing to authorize a health claim fo
fat and cancer on the label and labeling
of foods provided that such statements
comply with the requirements of
proposed § 101.73. Under this proposal,
the claim will convey the message that
diets low in fat may reduce the risk of
some types of cancer. particularly
breast, colon, and prostate. FDA also
tentatively concludes that the message
must be restricted to these three types ¢
cancer because of the limitations of
scientific data about other types of
cancer.

1V. Description of and Rationale for
Regulations

A. Relationship Betivesn Dietary Fais
and Cancer

Based on all of the evidence, FDA ha
tentatively determined that there is
significant scientific agreement among
experts qualified by training and
experience to evaluate such claims, tha
all of publicly availabie evidence
supperts the conclusion that diets high
in fat increase the risk of cancer. and,
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more importantly, that diets low in fatis
associated with the reduced rick of
cancer. FDA recites this fact in proposed
$ 101.73(L}{1) and states that the
research to date shows that it is total
fat, and not any particular type of fut
that is associated with cancer risk.

The specific health claim topic, as
described in saction (3)D} YAV of
the 1990 amendments was dietary lipids
and cancer. FDA has tentatively found
that the intuke of dietary lipids is
associated with cancers of the breast,
colon, and prostate. This tentative
finding is based on the conclusions of a
number of comprehensive reports by the
Federal Government and the NRC which
identificd cancers at these particular
sites as having a relationship to dietary
fats. It is also supported by research
published since the authoritative reports
to determine if more recent research
would necessitaie modification of
previous conclusions.

B. Significance of the Relationship

To reflect, in part, proposed
§ 101.14{|)(2)(v}, FDA is including in
proposed § 101.73(b)(2} dietary
guidelines to recommend that total fat
intake be at or below 30 percent of
calories. Currently, adults in the United
States consume, on average, a total fat
intake of 37 percent of calories. The
proposed regulation states that
significant public health benefits can be
derived from decreased consumption of
foods high in fat, including the reduced
risk of breast. colon, and prostate
cancer.

C. General Reguirements
1. Conformity With Proposed § 101.14

Proposed § 101.14 sets forth the
general provisions applicable to healtk
claims. In proposed § 101.73(b}(3)(i).
FDA is proposing that health claims
relating to an agsociation between
dietary lipids and cancer must meet all
requirements for health claims proposed
in § 101.14, as set forth elsewhere in this
issue of the Federal Register.

2. Qualifying Nutrients: Total Fat

In proposed § 101.73(b)(3)(ii), FDA is
proposing that a heaith claim relating
diets low in fats to reduce the risk of
cancer must meet requirements for “low
fat” or “fat free.”

The evidence for the association
between intake of dietary lipids and rigk
of cancer pertains to total dietary fats.
In the companion document on general
requirements for health claims for food
{published elsewhere in this issue of the
Federal Register), FDA is proposing that
for a subslance such as dietary fats for
which a low level of intake is needed to

achieve dietary goals. the sshstance be
present in a food at a low enoegh level
to justily a claim. FDA is proposing that
that level be the level that is necessary
to make a “low fat” or “no fat” elaim.
As proposed in the companion
document on "Definitions of Nutiient
Content Claims for the Fat, Fatty Acid,
and Cholesterol Content of Foods,”
these levels are, for a “low {at” cloim,
less than 3 g of fat per reference amount
customarily consumed, perisbeling
serving size, and per 100 g. For a "'no
fat” claim, FDA is proposing that .the
food contain less than 0.5 g of fat per
reference amount customarily consumed
and per label serving size.

As explained in the companion
docunient on general requirements for
health claims, FDA is proposing that the
food contain "“low” or “no” fat to ensure
that it contains a level of fat that is
appropriate for inclusion in a diet that is
low in fat. FDA seeks commeiits on
whether a food that qualifies for a
“reduced fat” or comparative claim
should also qualify to bear this health
claim.

. Specific Reguirements

In proposed § 101.73{b}(4)(i}, FBA is
proposing to require that any heaith
claim made relating to dietary lipids and
cancer specifically state that it is diets
that are low in fats that may reduce the
risk of some types of cancer.

In proposed § 101.73{b}{4){ii). to reflect
the strength of the scientific evidence
regarding the relationship of dietary
lipids to risk of cancer, FIDA is proposing
that any health claim make clear that
ingestion of diets low in fats “may”
reduce the risk of cancer. This
requirement is based on this
relationship and is supported by -
evidence documented and summarized
in Federal government reports, in other
authoritative documents, and in the
science review incorporated previously
in this document. However, given the
fact that the etiology of cancer is
multifactorial the claim cannot state that

“a low fat diet will definitely reduce the

risk of this disease.

In respect to the multifactorial nature
of the disease in proposed
§ 101.73({b){4)(iii), the agency is
proposing to require that heaith claims
acknowledge the existence of other risk
factors for cancer in addition to the
dictary risk factor of fat intake. The
agency believes that this additional
information provides a context that is
essential for an understanding of the
nutrient to disease relationship.

As for terminology, in proposed
§ 101.73{b}{4)(iv), FDA is proposing that
health claims refer to the nutrient
disease relationship using the term

“total fat.” This terminology is
consistent with colloguial usage. i hus.
the claim will be clear and not
misleading to the public. It also reflecis
the available evidence. In proposed

§ 101.73(b){4}{iv). FDA provides that a
combined fat and cancer and fat and
cardiovascular ciaim may be used if a
food qualifies for both claims. In
proposed § 101.73(a), FDA is
summarizing the scientific evidence that
establishes a relationship that exists
between saturated fat, cholesterol, and
total fat and cardiovascular disease.
FDA is proposing to authorize bealth
claims on qualifying foods that meet the
criteria for “low” saturated fat,
cholesterol, and total fat or no
cholesterol and total fat.

For the estimation of attributable risk.
in proposed § 101.73(b){(4){v), FDA
proposes that no statement may be
made on the precise level of reduction of
risk of cancer that may be expected as a
result of consuming a diet low in total
fat. This requirement is proposed in
conformity with proposed
§ 101.14(d)(2)(iit) which requires that the
claim not be misleading. The review of
Federal government documents and
other authoritative reports and more
recent scientific evidence revealed no
scientific agreement on a precise level of
risk reduction for the relationship of
dietary fat to cancers.

In § 101.73(b){4}{vi}), FDA is proposing
that the claim may not specify the
particular types of fats and fatty acids
that may be related to the risk of cancer.
FDA tentatively finds that the evidence
is not sufficient to characterize the
relationship more specifically than
between cancer and total fat.

E. Optional Information

For total dietary context, in proposed
§ 101.73(b)(5)(i}, FDA proposes {o permit
claims to refer to the latest U.S. Dietary
Guidelines for Americans (Ref. 6}. The
agency is proposing to permit such
references to heip ensure that the claim
is presented in a way that will hel
consumers to understand it in the
context of a total daily diet. The agency
recognizes that a statement about the
importance of good nutrition that does
not make a connection between any
substance and a particular disease, as is
the case with many of the Dietary
Guidelines, is not a health claim. H.
Rept. 101-538, 101st Cong., 2d sess. 20
(1990). However, as is stated in the
document on the general principles for
health claims, FDA believes that it is
appropriate for it to provide for the use
of governmental dietary information in
conjunction with a health claim to
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vre that thot information is used in a
dent and nonmisleading maonner
Providing additional heaith olaim
information, in proposed
8 101.73(bY5)(i1), the agency is proposing
i allow manufacturers to provide more
iled informaiion to consumers. This
semation may provide a more
rate and complete description of the
ationghips among both dietary futs
and risk of cancer and heart diseuse. A
siatement on how to obtain ihis
addditional information may be previded
in or near the health claim. Such
:dditivnal information, however, is not 4
substitule for that required in a health

101,
Cladm.

:ole Health Claims

FDA is also providing in proposed
£ 101.73{b)(6) two sample health claims.
‘ihese model claims have been prepared
by the agency to reflect all the
requirements of proposed § 101.73. They
are oniy samples, however, if these
sample health cleims are adepted by the
agency, manufacturers will be free to
use them. They will also be free to
davise their own message provided that
it complies with the regulation.

V. Envircnimental Impact

The agency has determined under 21
CFR 25.24(a}{11} that this action is of a
type that does not individually or
cumnulatively have a significant effect on
the human environment. Therefore,
rieither an environmental assessment
ner an envirenmental impact statement
is required.

V1. Effective Date

FDA is proposing io make these
regulations effective  months after the
publication of a final rule based on this
proposal.

Vi1 Comments

Interested pers inay, on or before
February 25, 1982, submit to the Dockets
Managemeni Branch {address above)
written comimenis regarding this
propoesal. Two copics of any comments
atre to be submitted, 2xcept that
individuals may submit one copy.
Coemments are to be identified with the
docket number found in brackets in the
leading of this document. Received
comments may be seen in the office
above between 8 a.m. and 4 p.m.,
Monday through Friday.

Vill. Economic Impact

The food labeling reform initiative,
tuken as a whole, will have associated
costs in excess of the $100 million
threshold that defines a major rule.
Therefore, in accordance with Executive
Order 12291 and the Regulatory

Flesibility Act (Pub. L. 96--354), FDA has
devinoped one comprehensive
wgutatory impact analysis (RIA) that
niesents the costs and benefits of all of
the feod Yabeling provisions taken
together. The RIA is published
elsewherse in this issue of the Federal
Pegister. The agency requests comments
on the RLAL

1X. Appendix lo the Preamble—-
Cousumer Summary on Dietary Lipids
and Gancer and Dietary Lipids and
Coronary Hearl Pisease

As deucribed in the comparion
document {published elsewhere in this

issue of the Federal Register) on general
requirements for health claims, the
agency is requesting comment on the

1

need for consumer health claims
summaries. The focus of the consumer
summary would tie to provide factual
informatien fo 4 the censumer in
understanding the diet-disease
relationship. The following appendix is
a proposed consumer summary on
dietary lipids and cancer. The role or
relationship of dietary fats to cancer risk
is discussed, alung with the relationship
of dietary fats to coronary heart disease.
¥DA solicits comment on this document
as explained in the proposal on general
health claims published elsewhere in
this issue of the Federsl Regisler.

Appendix—Dietary Lipids and Cancer
and Dietary Lipids and Coronary Heart
Disease

Under the provisions of the Nutrition
Labeiing and Education Act of 1990,
manufacturers may put clear
information cn the food lubel about the
relationship between a nuirient, such as
fat or cholesterol, and a disease or
health-related condition. To prevent
consumers from being misled, the Feod
and Drug Administration {FDA) allows
only truthful label statements about diet
and health relationships that are firmly
supported by e current scientific
evidence. There is agre nt that the
scientific evidence is stroqu enough to
allow health ciaimsg about the
association between iotal fat in the diet
and the risk of some tvpes of cancer and
the associatien between suturated fat
and cholesterc! in the diei and the risk
of coronary heart disease.

Many consumers have said that
health claims on feod labels could be
useful to them in making improvements
in their diets. However, label space is
often limited. Therefore, this pamphlet
provides infoermaticn about diet and
heaith claims thai supplements what
you may see con icod labels.

In addition to the association between
fat and cancer and between saturated
fat and cholesterol and heart disease,

FDA Is allowing health claims about
calcium and osteoporesis and scdimm
and hypertension. For informatinn abowt
these other diet and health
relationships, write tor 170 BE

INSERTED]
Wit fs Coronary Hloecrt Disease?

Corounary heart disease is a broad
term that includes a number of diseases
for which various medical names are
used, including heart dizease and
atherosclerosis. Narrowing of Blood
vesseis {medically cailed
atheroscierosis) occurs in these
diseuses, which results in decreased
flow of blood o some part of the body.
The diseases include coronary heart
dissase that affects the heart and its
supporting blood vessels, and cther
diseases that affect the blood vessels in
oiher areas of the body Atherosclerosis
can resuit in angina pectoris, hoart
attack, sudden death, stroke or other
zerious problems.

Atherosclerosis occurs because of
raised fatty or fibrous deposits {plaque)
that develop in the walis of bicod
vessels in the affected area. The process
of plague development is gradual, and
often begins in childhood.

What is Cancer?

Cancer is not one disease, but more
than 100 different diseases. In each of
these diseases, cells begin to grow out o
control at one site in the body, and thesc
abnormal cells spread to other parts of
the body.

Why Are Heart Disease and Cancer
Muajor Public Health Concerns?

Coronary heart disease and cancer
are public health concerns because they
are the two leading causes of death in
this country. lliness and death from
these diseases cost biilions of dollars in
health care costs and in lost work.
Moreover, early deaths from these two
diseases cheat many victims of valuable
years of life.

Despite the recent sharp decline in the
death rate from this condition, coronary
heart disease still accounts for the
largest number of deaihs in the United
States. Cancer is the second leading
cause of death in this country. The
leading causes of cancer death are lung
cancer, colorectal cancer, breast cancer,
and prostate cancer.

Wheat Causes Cancer and Cororary
Heart Disease?

Both of these diseases are caused oy ¢
combination and interaction of multiple
environmental, behavicral, social, and
hereditary factors. It is clear that diet,
one cf the environmental factors, play =
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an important role in the development of
these dis 3.

Heredity and other factors, including
elevated blood serum cholesterol,
cigarette smoking, high blood pressure,
obesity, and an inactive life style, are
known to increase a person's risk of
developing coronary heart disease.
Elevited blood cholesterol, one of the
major risk factors for coronary heart
disease, is associated with excess fat,
especially saturated fat, and cholesterol
in the dict.

Many studies have established a
strong association between a diet high
in saturated fat and cholesterol and
increased risk of coronary heart disease,.
High saturated fat and cholesterol dists
are estimated to be associated with one-
third of the cases of coronary heart
diseass reported in this country.

The way diet affects blood cholesterast
varies among individuals. However,
blood chelcsierol does increase in most
people when they eat foods high in
saturaled fat and cholesterol and
excessive in calories. Of these,
saturated fat has the greatest effect;
dietary cholesterol has less.

Cancer has many causes and several
stages in its development. Tha risk
factors for developing cancer include a
family history of a specific type of
cancer (such as breast, prostate or colon
cancer), cigarefte smoking, alcahol
consumption, radiation, and distary
factors.

Currently, the strongest scientific
evidence relating diet to cancer is that
the amount of total fat in the diet may
have a relationship with cancer. In
particular, many experts agree that a
high fat diet may influence the risk for
developing breast, colon, and prostate
cancers.

Not enough is known currently for
scientists to decide whether different
kinds of fats (animal or vegetable;
saturaled or unsaturated) may be
responsible for an increased risk of
developing cancer.

Because of scientific agreement that
reducing total fat and saturated fat is
likely to lower the rates of these two
major chrenic diseases, it is
recomnended that Americans 2 years of
age and older choose a diet low in total
fat and saturated fat. Animal products
are the source of all dietary cholesterol.
Eating less fat from animal sources will
help to lower the cholesterol as well as
the saturated fat in your diet.

Do Most People Get Too Much Fai,
Saturated Fat and Cholesterol in What
They Eat?

The average U.S. diet, it's estimated,
contains about 37 percent of calories
from total fat, 13 percent of calories

To

from saturated fat, and 360 milligramns
{mig) of cholesterol per day. Health
experts recommend diets that contain 30
percent or less of calories from total fat,
10 percent or less of calories from
saturated fat, and 300 mg or less of
cholesterol a day. The U.S. Public
Health Service has set a national health
goal that all persons who are 2 years of
age and older consume these levels of
fat and cholesterol by the end of this
decade.

[iow Do You Learn How Much Fat and
Cholesterol Foods Contain?

You may or may not be able io tell
that there's fat in a food by looking at it.
Butter, margarines, shortenings, and oils
are the more obvious sources of fat. In
other foods, such as cheese, baked
goods, nuts, and salad dressings, the fat
is not as easily detected. Cholesterol
content is not obvious at all in fuods.

A good way to learn about fat and
cholesterol content is to read nutrition
labels. Most foods now have nutrition
information on their labels.

The amounts of total fat and saturated
fat in a serving of food are listed in
grams (g) on the natrition label.
Cholesterol is listed in mg.

“Daily values” for fat, saturated fat,
and cholesterol also appear on focd
labels. These numbers have been
established by FDA for several nutrients
that are important in diet and health
relationships. The daily values are to
help you learn how the amount of a
nutrient in a serving of food relates to a
reasonable amount for the day.

The daily value for total fat is 75 g,
and for saturated fat'is 25 g. That means
total fat for a day of 75 g, of which no
more than 25 g should be from saturated
fat. These numbers are based on a 2,350-
calorie diet that has 30 percent of
calories from fat and 10 percent from
saturated fat. A 2,350-calorie diet is
about the calories recommended for an
adult woman.

If you consume a different number of
calories a day, it’s not hard to figure out
your own daily values for total fat and
saturated fat. First, multiply the nuinber
of calories you consume by 30 percent
(for example, 2000<.30=600). Then
divide that number by nine, which is the
number of calories each g of fat provides
(600 divided by 9=67 g of fat a day).
Repeat for saturated fat (2000 < .10=200;
200 divided by 9=22 g of saturated fat a
day).

The daily value for cholesterol is 300
mg, which is an upper limit that is
generally recommended for healthy
people. A food that contains 150 mg of

cholesterol per serving, therefore, would -

provide about half of the daily value for
cholesterol. ‘

What Do Label Clairms About Fat anaid
Cholesterol Mean?

In addition to the amount of fat and
cholestzrol listed on the nutrition label;
you may see other claims about fat and
cholesterol content on some food
packages. There are two types of these
claims—nutrient content claims and
health claims.

Nuirjent content claims describe the
amount of fat, saturated fat, or
cholesterol a food contains. These types
of claims can be used on a label only if o
food meets several definitions
established by FDA.

Cholesterol Claims

A “cholesterol free” food has less
than 2 mg of cholesterol and 2 g cr less
of saturated fat in a serving.

A “low cholesterol” food has 26 mg or
less of cholesterol in a serving and in
100 g of food and 2 g or less of saturated
fat in a serving.

A “reduced cholesterol” food has its
cholesterol content reduced by 50
percent or more compared to the regular
food product and contains 2 g or less of
saturated fat in a serving.

Chalesterol claims may be made only
on foods that contain a limited amount
of fat (no more than 11.5 g per serving
and per 100 g) unless the claim also tells
the total amount of fat, for example,
“cholesterol free, contains 12 g of fat per
serving.”

Fat Claims

A “fat free” food has less thana Y2 g
of fat in a serving and no added fat or
oil.

A “low fat” food has 3 g or less of fat
in a serving.

A “reduced fat” food has a 50 percent
or more reduction in fat with at least a 3
g reduction in fat content.

A “low saturated fat” food has 1 g or
less of saturated fat in a serving and no
more than 15 percent of its calories from
saturated fat.

A “reduced saturated tat” food has its
saturated fat content reduced by 50
percent or more compared to the regular
food product with at leasta1g
reduction in fat.

Also, the labels of some foods in
which fat or cholesterol has been
significantly reduced, but not enough to
meet the definitions above, may have a
statement that tells how much less fat or
cholesterol the product contains than a
comparable product; for example, “This
pound cake contains 40 percent less fat
than our regular pound cake.”

Foods such as fruits and vegetables
that meet the definitions for fat or
cholesterol without special processing
may have claims on them, However the
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Lubel must say that fat or cholesterol is
not usually present in the food. for
example, “broccoli. a fat-free food.”
“frozen perch. a low fat food,” or
“raspberries, a low saturated fat food.”

Health claims are those made about
the relationship between the amount of
a nutrient you eat and the risk of a
disease, for example, between total fat
and cancer or between saturated fat and
cholesterol and heart disease.

Health claims about the relationship
between fat and cholesterel and heart
disease can only be made on products
that are low in saturated fat and
cholesterol, and have 15 percent or less
of their calories from fat. To make a
health claim, the product also cannot
contain another nutrient that increases
the risk of a diet-related disease other
than atherosclerosis, for example, a high
amount of sodium which has a
relationship to high blood pressure.

Health claims about the relationship
between fat and cancer can be made
only on foods that are low in fat and do
not contain another nutrient that
increases the risk of a diet-related
disease other than cancer.

These are some of the kinds of foods
on which you may see health claims
about nutrients related to cancer and
heart disease: fruits, fruit juices,
vegetables, breakfast cereals, dried peas
and beans, skim milk, pasta products,
and diet salad dressings.

Other Risk Factors for Cancer and
Heart Disease .

Coronary heart diseases and cancer
are complex diseases with multiple
causes, and they (usually) develop over
a long period of life. Hereditary as well
as environmental factors contribute to
the risk for developing these diseases. In
addition to practicing good nutrition,
several other controllable factors are
part of a healthy lifestyle and may help
to decrease your chances of
cardiovascular disease and cancer.
These include maintaining a healthy
body weight and good physical fitness,
not smoking cigarettes, drinking only in
moderation if at all, and not abusing
drugs.

Facts To Keep in Mind

It's the total combination of foods that
you eat regularly-—both the kinds and
the amounts—that is important in terms
of good nutrition. Eating a particular
food or a specific food is not a magic
key that will assure you have a more
healthful diet.

Eating a healthy diet, in itself, does
not guarantee good health. A healthy
diet, however, is an important part of a
healthy lifestyle.

In addition to what you eat, many
factors may be related to your own
chance of developing a particular
disease, for example, vour heredity, vour
environment, and the health care that
you get. Our knowledge about moest dict-
health relationships is incomplete, and
will improve as scientific knowledge
increases. However, enough is known
today about some of these relationships
to encourage specific dietary practices
that are believed to be beneficial.
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List of Subjects in 21 CFR Part 101
Food labeling, Reporting and
recordkeeping requirements.

Therefere, under the Federal Food,
Drug, and Cosmetic Act and under

authority delegated to the Commissioner

of Food and Drugs, it is proposed that 21
CFR Part 101 be amended as follows:

PART 101—FOOD LABELING

1. The authority citation for 21 CFR
part 101 is revised to read as follows:

Authority: Secs. 4, 5, 6, of the Fair
Packaging and Labeling Act (15 U.S.C. 1453,
1454, 1455); secs. 201, 301, 402, 403, 409, 501,
502, 505, 701 of the Federal Food, Drug, and

Cosmetic Act (21 U.S.C. 321, 331. 342, 343, 348,

351, 352, 355, 371).

2. Section 101.73 is amended by
adding paragraph (b) to read as follows:

§ 101.73 Health claims: lipids and
cardiovascular disease and lipids and
cancer.
L N & - ®

{b) Concer—(1) Relationship between
Lipids {fat) and cancer. (i) Cancer is not
one disease, but a constellation of more
than 100 different diseases, each
characterized by the uncontrolled
growth and spread of abnormal ceils.
Cancer has many causes and stages in

its development. Both environmental
and genetic risk factors may be invehved
in affecting the risk of cancer
occurrence. Risk factors include a family
history of a specific type of cancer,
cigarette smoking, alcohol consumption.
altraviolet or ionizing radiation, and
dietary factors.

(ii) The stronges! positive association
between fat intake and cancer risk has
been found between total fat intake and
some types of cancer. Based on the
totality of the evidence available at this
time. and despite some inconsistencies
found in results of human studies, there
is significant scientific agreemen! among
experts, qualified by training and
experience to evaluate such evidence,
that diets high in total fat are associated
with an increased cancer incidence.
Research to dale, although not
conclusive, demonstrates that the total
amount of fats, rather than any specific
type of {at, is positively associated with
cancer rigsk. The mechanism by which
total fat affects cancer has not yet been
established.

(ii{) A question that has been the
subiect of considerable researcn is
whether the effect of fat on cancer is
site-specific. Studies which compared
fat intake and cancer mortality in
different countries or population groups
fourid an association between total fat
intake and cancer of the breast, colon,
and prostate, but not at other sites.
Although both human and animal
studies are consistenl in the associaticn
of fat intake with specific sites, the
studies relying on animal data are more
compeiling. FDA concludes that the
claim must be restricted to cancer of the
colon, breast, and prostate due to the
lack of adequate evidence for other
types of cancer.

{(iv) The question of whether the
association of total fat intake to cancer
risk is independently associated with fat
intakes, or whether the association of
fat with cancer risk is the result of the
higher energy (caloric) intake normaily
associated with high fat intake, has been
raised. After reviewing the evidence,
FDA has concluded that there is
adequate evidence from both animal
and human studies 1o find that total fat
intake alone, independent of energy
intake, is associated with cancer risk.

{2) Significance of fat intakes and risk
of cancer. Currently the average U.S.
diet is estimated to contain 36 percent 1
37 percent of calories from total fat.
Current dietary guidelines and nutrition
goals for the nation recommend that
dietary fat intake be reduced to a level
of 30 percent or less of energy (calories}
froin total fat. The scientific evidence
supports the conclusion that this
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siun in thr: r.s'( (\I iwu;u..
aing and m«):,td!e cancer, Alhough
there is evidenue that reductions in totai
fut intake below the level of 30 percent
of celories from tolal fat may confer
sven greater healih benefits, the
ceommended levels for tota] fat were
30 percent of calories hecause

s can be achieved without drastic

5 i nsual dwtdrv paiterns and
without undue risk of nutriant
deliciency.

{3} [ eeguiremenis, 5 foud label
or labeling may contain a health claim
stating that diets low in total flat may
redune the risk of some types of cancer,
particuiarly colon, breast, and prostate
cancer, in the gereral populetion
provided that the following conditions
are met by the product:

(i) The food meets all geneval
requirements of § 101.14 for health
claims. :

{ii} The food meets requirements of
§ 101.62 for & “low fat” or “fat free”
food. _

{4} Health claisis may be used on the
label and labeling provided such
stetements comply with the following
specific reqmrements:

(i} The claim stales that diets low in
fst (i.e., total fat) may reduce the risk of
some types of cancer; ’

{11t The claim is staled using words

ngch as “may” or "might” i e umuddm*p
.uh the strength of the evidonen for tha
dationship:

(m} The claim states that cancer has
many causes, and that high total fat
diets are only one of several factors
associated with the risk of cancer;

(iv} In specifying the nulrient, the
claim shall nes the term “total fat”,
unless the fecod also meets the
guelifications for a label stateme
t‘an cardiovascular disease-fat

retationship in which case a combi
smh:ment may be used;

tv} The claim shali not quantiiate the
degree to which the risk of cancer may
be reduced by diets low in total fat
content; and

(vil The claim shall not specify types
of fats or fatty acids that may be related
to the risk of cancer.

{5) Health claims describing the
relationship between dietary lipids and
cancer may include the following &s
optional information:

(i} The claim may indicate that low fat
intake as part of a totel dietary pattern
is consistent with the latest U.S. Dietary
Guidelines for Americans published
jointly by the U.S. Department of
Agricelture and the Department of
Health and Human Services. Concepts
or quotes from this publication may be

rt on

nod

vsed on the label provided that they see
truthful and not misleading; and

(i1} The claim may inchide a refer
that would direct interested consume
to more complete consumer information
on the relatio nship of low total fat diate

and cancer risk.

(o) The foilowing sample healih clenes
may be used on the label or labeling of 5
food to convey the relatmnsth betwenn
dietary linids {f.e., total fat or fat) and
cancer:

yiener

Sample Health Clains

Develnping cancer is associated w
factors, such as a family history of the
disease, cigarette smoking. and what you et
Eating a healthful, low fat diet may belp
reduce the risk for some cancers, including
Lireast, colon, and prostate cancer.

Cancer is 2ssociated with many dictary
and other risk factors. A diet low in total fut
raay reduce the risk of some types of cancers,
including breast. colen, and prostate cancer.

Dated: November 4, 1991.

David A. Kessler,

Commissionsr of Food and Diugs.
Louis W. Sullivan,

Secretary of Health and Human Service

Hote: The following tables will not eppear
in the annual Code of Federal Reguiations.

i ﬂhit"‘«bv

BILLING CODE 4160-01-¥



Tiole 1

Dietary Lipids ard Cancert

Animsl Studies 1989-Roril 1971

Reference

O jective Test animals Duration of Digt Additional Treatment Resutes ALsed N
{author; Study
distey o
Shac The effects of energy fesle, 4 to S month- L0 weehs Ad 1ib and 40% energy restriction Murine mammary (Ger virus LRI Energy consuiLtion,
et al., 1990 source and efergy old, {3H/B} mice, High fat: &B.2% energy lard, free CHUMTYY Ho signiticant difference in incidence | mot fak intske, way
(Ref. 10} restriction on tuinr 1% per group ezirbohydrate or survival raves betwesn high 1 play & grester icle in
development and Low fat: 4.5% energy lard, 633 Lo fat groups WMTY- 1 duced manialy
survival rate energy carbohydrate Significantly increased incideids ond YUTGH | §€nes s
survival (2Tes with EAEFgy Fel{ri{Tion houever, the nootawr
Conbined mortalivy teom all causes Jeath rate was ety
(vuiar-related and pontumor- retated; nigh (26 of 60 totat,
Were higher im the ofder ot: lcow fit, Wwhich greatiy feduces
' 54 Lib > high far, ad Liis s high tar, thé signitica & of
FRSTFICTION > Low PAT FeSUFIeTion the fimdings
(Stansnics not testead)
Welsch ihe effect of caloric female, 55-day old, 16 weeks Ad 1ib. ard 12X energy restriction 7,12-Dimethylbenz(sy

etsl., 1990

(Ref. 113

consumption and fat

level on mammary cancer

Spargue-Dawley Fats;

&1 to &2 per group

High corn oil: 20 weight %

Low corn oil: S weight %

anthracene {(DMBA)

Mamig: y:

High far et signiticsntly (7 times)
increased the yield {nuiber amd
weighty of mammary earciioms

A 12N energy resxmictioh significantly
raduced the yield (rumber) of mammary
carcinogenesis in high ecrn oil group,
but net in low corn oil group

The 12% energy restriction sboiiched

the effecy of fa¢ tevel

When eneijy 1ATaké way
sufficient, high fat
eorn ot wigniticantly
enhanced DMBA- rduced
Mamary LUisTigemes s
1 orats

Becous2 talor:
intakes among §roups
wers the Samé, the fud
eftact wax imdeserafery

ot the

fat ard energy a3
have segargte

UM TI0MS 1 T

TUIOr iygefes s
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Table 1--continued

Reference Objective Test animals Duration of Diet Additional Treatment Results Assessment
(author, Study
date)
Sinkeldam interaction of dietary Male, 4-week-old, 37 weeks Ad tib N-methyt Colen; kigh fat enhanced
et el., 1990 fat (lard) and fiber on | wistar rats, 30 per 15 energy X lard N-Nitro-¥-nitrosoguanidine High fat diet significantly enhanced MNNG- induced cclen
(Ref. 13) colon cancer gfoup

0.7 g fiber

2.2 par

3.8 100 Kilocalories Ckcal)
27.5 energy X lard

6.7 g fiber
2.2 per
3.8 100 keat

40 energy % tard

0.7 g tier
2.2 per
3.8 100 keat

(MNNG)

incidence and multiplicity (see below,
data pooled)

X incidence
fat total

energyX polyps carcinoma tumor

15 &b 9 48
27.% 51 230 49
40 (3 ih 62
fat Buttiplicity

energy X (K¥/tumor-bearing rats)

Folyps Carcinoma Total lumor

15 1.6 11 .7
27.5 1.5 11 1.7
40 2.4* 1.9 2.4

High fiber significantly decreased
body weights and abolished the effects
of fat tevel on colon tumorigenesis
®Means significantly different from

other fat energy % within tumor type

tunorigenesis in rats;
however, the response
wWas neither dose:
dependent nor
consistentiy
significant

The results might have
been confounded by
inacequete provision
of tinoleic acid in
15% and 27.5% lard
diet groups

Energy intakes were
similar among
different fat groups;
therefore, the fat
effect was independent

of enerqy effect

<8409
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Table 1--continued

Reference
Cauther,
date)

Objective

Test animals

buration of
Study

Diet

Additional Trestment

Resulis

ASSEESAENT

Neuberne
et al., 1990
{Ref. 14)

Interaction of fat and
vitemin A in coton

tumor igenesis

Hale, weanling,
Spargue-Dawley rats,

25 to 30 per group

26 weeks

5 or 24 weight % corn oil

Vitamin A 3 mg per kg
10 mg per kg
30 mg per kg

Dimethylhydrazire
dihydrochloride (DMH)

Colon:

High fat versus low fat: no
significant difference in the
incidence or malignancy

Vitantin A significantly lowered the
incidence in low fat group, but not in

high fst groug

Diets were not
isocaloric; foxa
consumption, body
weights were mot
repcrted

The differerces in
energy intakes afsd
body weight changes
might have confoursded
the effects of tat
The kigh peroxidation
level of high corn cil
diet, which was 7ot
controiled 1o
approximate humir
dietary conditions,
might also have

confounded the resulcs

Birt
et al,, 1989

{Ref, 17}

To determine the energy
effect in pancreatic

tunorigenesis

Male, &-ueck-old,
Syrian hamster, 30 per

group

91 weeks

Corn oil: 4.3 weight X

20.5 weight X

Tumor initiator:
H-nitroschis-(2-oxopropyl)

amine (BOP)

Pancreatic ductular carcinemas
Both incidence (%) ard yield

(¥ carcinoma per effective animal)
were significantly (3 to & times)
erhanced in the high fat greup
compared 1o the {ow fat groun: v

differences i survival rates

Ad {ib of pair feeding
Caloric intakes were
similar between
greups; therefore the
fat effect was
indeperdent of energy

effect

8209
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Table 1--continued

determinant of
pancreatic

cercinogenesis

{chow group) per group

Lou fat: 4.5 weight X lard

0.5 weight X safflower oil

0.6 weight X linolaic acid
Low fat supplemented:

1.4 weight X tard

3.6 weight X corn oil

2 weight X linoleic acid
Chow: & weight X fat

(3% linoleic scid)

significantly affect pancreatic
neoplasn
fat level also did not significantly

af{ect pancreatic neoplasm

Reference Objective - Test animais buration of Die* Additional Treatinant Results Assessment
Cauthor, Study
date)
Appel Whether the linoleic Male, weaniing, SPF 15 month High fat: 20 weight % lard Tumor inducer: azaserine Pancreatic naoplasm: The emount of dietary
et al., 1990 acid level or the total | albino Wistar rats, 40 1.2 weight X linoleic acid Linoteic acid supplementation did not fat did not
(Ref. 18} fat level is the main (lard group) or 23

significantly affect
szaserine- induced
pancreatic
carcinogenesis in
rats; however, levels
of linoteic acid in
the test diets might
not be sdequate for
optimal tumorigenssis
The level of {inoleic
scid supplementation
H8S 100 NArrow to test
the effect of linoleic
acid

Energy intakes were

similar among groups

¥8.09
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fable T--continved

Refererme
gauchor,
date)

Ohjective

lest animalg

Guration of

Study

Diey

Additionatl Treatmen:

Feayits

Anienitmay

1
J

Birt
at sl., 190
(Ret, %)

The effect of type or
ievel of fat on
pancrestic

carcinogenesis

Male, & to B-weeks-
oild, Syrian hamsters,

39 per growp

B84 weeks after

BOP trestment

Control: 4.3X corn oil

Kigh corn oil: 20.5X corn oil

Low beef tollow: 0.5% corn oil
ard  3.8X beef tallow

High beet tallow: 0.6X corn oil
and  19.9% beef tallow

High mix: $.1% corn oil
arad  15.4% beef talliow

{as weight X)

Tumor inducer: BOP

Pancreatic ductular tumor amd gall
bladder and coamon duit Tumor
Pancreatic ductular tumor:

Incidence and multiplicity of adercma
and adenocarcinoma, but mot carcinome
in gitu, was significantiy higher (72
times) in beet ts{low then corn oil
grous

Kigh fatr (both corn oil amd beet
Tal{ow) nignificantly increased
carcinoms multiplicity in eitu
cotpared to (ow fat groups; however,
far level did not sffert ademoos or

adenocercinoms muttiplicicy

The arfest i ohe
level ared Type ot
dietary fat Jittermd
with each of lesioie
of BCP-imducad tumor:
exami et

The camparisor <t rat
types might bave bean
hampered by the focy
that high oc low bees
taliow diets did rx
provide sdexate
linoleic acid tor
TEor Geveloprent
Caloric intekes were
similar wicvy grours

The results fe

galibiadder cr oamren
WKY e might hays
been wearened Ly e

tow

|
|
i
't
§

beoem
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Tabie --continued

T
Reference Objective " fest anfmals ation of fiet i Additional Treatmon: Resuits Asgessmoent
¢author, Study i
datesy
imsida The etfect of high fat Mate, 6~v§ek-oid, ice

et al., 1989

(Ref, 213

on tung tumorigenesis

mice, 30 per grow

2L wreks

Conirol: RF-1 dist (3.5 kcal per g3
High fat:
20X Corm oil supplementation
o (RF-T
(4.7 keal per g}
Main Fstty acid composition(X%)

Lontrot High fat
oleic  22.¢ 32.8
Uinoteie 50.% 1.6
linoieic &8 .8

quinaline 1-oxide (WU}

Lung carcinogen: &-nitro-

iurg:

Corn o1l suppismented hiah fat diet
significantly emhanced incidenca (30%
wersus 38X, high fat versus rontral)
snd yield (# umor car musse, 2.5
versus 1.0} seopared to the sontrol

aroup

High fat for high =urn
a:l) in the dist
significantly emharveq
lung tumorigenesis in
nice; howsver, dier

composition, extent

rain fatty acig wan
nct reported
There are spparent

f1stakes in the

repcrted main tatty

#cid compesition erg
w2 40 oL Lhow tra
sdaquacy of lipoleir
acid in test diec:
Furthermore,
nonisacaloric diet:
used ang body weigh*
Qaing were
signifirantiy
ditferent betwecr
qroups which mighe
have confounded the

tftect of fat leovel

H
i
i
H
¢

98/69
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Yuble T--continued

Reference Ojective Test snimals Duration of Biet Additional Trestment keguits ALGeasiedt
{author, JUKEY
date)
Katr and The eifect of Female, sged virgin & woeks betore Righ fst: 23X corn oil 13,762 rat mammary Fulmonery: High fat (ec high (orn
Boylan, 1987 | polyunsaturated fatty (14 zo fé-month-oldy arxd & wesks (4.59 keal per y) adenccarcinome transplantad | High tav, fed either before or afrer 2il) in the diet
(Ref, 22) acid (PUFA) level o or retired breeders after tumor

metastasis ef
trenspiented mammary

tumor

(10 to 12-month-old),
fischer Yik racs, 12

per group

trensplant

Lew tat: 5% corn oil
{3.6& kcal per g3
purina chow

(6% fat}

subcutaneocusly into just

posterior to the 4tk nipple

the tumor imptant, significently
enhanced pulmanary metactesiy in rats

(495 wversus 135 mm', high fat wersus

lox faty

This tumorigenic eftecty of high vat
was sboiished by previcus feading with
chow diet; retastasis was comparable

berween chaw and low $37 growos

significantly erhance
pulmonary metacrasis
irplanted from the
13,762 mammary tumo"
in rats; however,
nonisocaleric diers
were uned

Becsuse snergy intaven
and body weigh®
changes were not
reported, erery,-
indeperdent fat effect
is mot clear in the

report

N ‘9g [0 A [ Jais3ay [e19pay
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Tabie i--continued

Reference
{auther,
date)

Objective

Test animals

buration of
Study

Dier

Addivional Treatment

Assessment

Birt

et 8l., 1739

(Rot. 233

The etfect of corn oit
leval on initistion ard

promotion of zkin tumor

female, &-wesk-old,
BENCAS mice, 30 fo 40

per group

43 weeks

Corn oit

26.6 weight X

5.0 weight X

Tumer initiator: 18-
tetradecansytphorboi- 13-
acetate (DM3A)
Tumer promoter:  12-0-

tetradecansyiphortal+ 13-

scetate {TPA)

S¥in papitiema:
Incidence mas not affected oy fat

level during DM3A pericd but prometicn

was significantly ennanced v kigh
corn oil compared te low corn oi
during TPA treatment periced

final carcimoms yield (¥ per sftective

aimaly was nat 2ffected by fat lzval

High fet for high Loem

ergtey DMBA. ant

TPA-inmducad s¥e7

tmocigenesis 1o

SENCAR mice

The atfest was evigent
®iring the promelion
perict, byt met duricg
the Jaitiation periea

Becav At

ingependent of the

effect of ensray of

body weight shanges

Sorgeson
ot 8l., 1989
(Ref, 243

The eftect of fish oit

on transplented memmary

Tumens

Ferale, hoterozygous
BALB/crw/tmice, 11 1o

12 per group

32 duyys

Corn il

Haxtpa

10 weight X

i) weight X

Human mammary carcinome
MX-1, transptanted
subcutanecysly on the igft

side of each rwds moyse

Sermacy:
fish o1l significantiy geprossed the
growth (n; Tuer yield) compared 2o

sorn ol

Fish il daprasved

however, tha totai tut
level wmas very low and
zhe tish oit diet did

not provide adagriite

tinclele esig for

104 / 1915183 [eI0pag

é
t

i
¢
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Table 1--continued

Reference Objective Test animals Duration of Diet Additional Treatment Results Assessment
(author, Study
date)
Fritsche and Whether n-3 fatty acid Female, weanling, 3 weeks prior Corn oil 10 weight X BALB/cfc 3H mouse mammary Transplanted mammary tumor ceils st The effects of n-3
Johnston, woutd affect BALB/C mice, 10 to 15 to and 45 days Fish oil (menhaden oil and corn tumor cell tines 410 and inguinal area fatty acid rich fish
1990 transplanted mammary per group to 13 weeks oil) at 10 weight X 410.4 (derived from Different fat types did nct oil and linseed oil on
(Ref. 25) tumor growth and after the Linseed oil 10 weight X spontaneously arising significantly affect incidence of transplanted mammary
metastasis transplant Corn oit 2X n-3 Fatty acid mammary sdenocarcinoma) tumor; linseed oil, but not fish oil, tumor growth were not
53X n-6 Fatty acid transptanted subcutaneousiy | significantly reduced the yield of consistent; however,
Fish oil 24X n-3 Fatty acid into the inguinal area of tumor (weight) compared to corn oil fish ¢il and linseed
14X n-6 Fatty ecid each mouse Linseed and fish oil significantly oil might not have
Linseed oil 56X n-3 fatty Acid reduced prostaglandin-E synthesis; provided edequate

18X n-6 Fatty Acid

fish oil reduced 410.4 tumor
prostaglandin-E synthesis more than
linseed oil, yet tumor growth was
significantly inhibited only by

linseed oil

linoleic acid for

optimal tumor growthk

somny pasodoid [ 1661 ‘(T JaquaaoN ‘Aepsaupspy [/ 622 'ON ‘95 '[0A / 1918139y [eiapaj
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Table 1--continued

Reference
(author,
date)

Objective

Test animals

Duration of

Study

Diet

Additicnal Treatment

Results

Assessment

Adams
et al., 1990
(Ref. 12)

The effect of fish oil
on metastasis of
transplanted manmary

and lung tumor

female, weanling,
Fischer 344 rats, 15

per gr -

8 weeks before
and 3 to 5
weeks after
Tumor

transplant

Low fat: 5X corn oil
High fat: 23.5% corn oil
8X corn oil and 15.5% fish oil
3% corn oil and 20.5% fish oil
Fish 0il=Max EPA

13,762 NF mammary
adenccarcinomy subl ime
(spontanecus model) was
injected into thigh:
13,762 MAT:B ascites tumor
cell sublime (experimental
model) was injected inte

tail vein and grown in lung

Transplanted mammary and lung tumor
13,762 Nf mammary tumor

Levels or types of fat did et
significantly affect incidence or
growth

13,762 MAT:B {ung tumor

Low fat significaritly inhibited the
grosth of the metastatic foci compared
to high fat, high corn oil grouw
15.5% fish oil, but not 20.5X fish
oil, significantly irhibited the
growth of metastatic fish oil
compared to high corn oit

20.5% fish oit significantly imhibit
the growth of the metastatic foci
compared to high corn ¢il, in ore

experiment, bur not in another

The effects of cern
cil level or fich oil
level on metastasie of
transplanted mammary
or {ung tumor were not
consistent

Diets might have
providad sdequata
liroleic acid fer
growth of tumor;
however, the fish oil
level used were

unreatistically hmigh

06409
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Table 1--continued

Reference Objective Test animals buration of Diet Additional Treatment Pesults Assessnent
Cauthor, Study
date}
Sakaguchi The effect ot n-3 fatty | & to B-week-old, & weeks Control: Low fat; 4.6 weight X Human colon cancer cell Transplanted colon tumor: High level of fich oif
et al., 1990 acid on human coion 3AL8/c nude mice, 12 lipids {chow diet) lines, COLQ-320 or KT-29 fFish oil significently reduced (~50% in the diet
(Ref. 26) cancer ceil linay to 13 per group

inoculated into nade

mice

High saturated fatty acid (SFA):
High fat: 19.2 weight X coconut
oil and 0.8 weight X lipids
High n-3 fatty acid:
19.2 weight X Max EPA and 0,8
weight % lipids
X of n-6 Fatty acid
Control 12.7
High SFA 4.0

High n-3 fatty acid 2.5

were injected
subcutaneously into dorsum

of the chest wall

reduction) volume and weight of tumor
compared to the control and high SFA
groups; there was no difference in

tumorigenesis between the controi end

high SFA groups

significantly
suppressed the
development of
transplanted human
colon cancer cells in
mice; however, the
test diets used might
not have provided
adequate linoleic acid
for growth of tumor
and the level of fish
oil was
unrealistically higk
Isocaloric diets were
used and there was no
differences in bodv
weight changes among

groups
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Table 1--continued

Reference Objective Test animals Duration of Diet Additional Treatment Results Assessment
Cauthor, Study
date)
Deschner Combination of Max EPA female, 5-week-old, 2 weeks before 16X corn o1l and 4.4X Max EPA Azoxy-methanol Celon: Biptasic response has
at al., 1990 with various levels of CFi mice, 10 per ‘group { and 48 weeks 10.2% corn oil and 10.2X Max EPA 4.4% fish oil diet group showed been observed; 4.4%
(Ref, 15) corn oil on colon tumor

after azoxy-
methanol

treatment

4.4X corn oil and 16X Max EPA
20.4X corn oil

4.4% corn oil

4.4X corn oil was fed ad lib; the
remaining diets were provided in
controlled amounts as 40 g per cage
per 2 days or 50 g per cage per 3
days to maintain body weights and

reduce wastage

significantly higher incidence
compared to 10.2X fish oil, 16X fish
oil end 4.4% corn oil diet; there was
no difference in incidence smong 10.2%
fish oil, 16% fisK oil, and §.4% corn
oil groups

10.2X fish oil diet significantly
reduced tumorigenesis corpared to 4.4%
fish oil diet (incidence; 30% versus
87.5%, # tumor per tumor Learing
mouse: 1.3 versus 2.9)

16% fish oil diet did not affect
incidence but significantly elevated
tumor yield compared to 10.2X fish oil
diet

Conpared to high corn oil diet, low
corn oil diet significantly reduced
the incidence (40X versus 63.3X%):
Effect of fat level on tumor yield was

not significant

fish oil elevated,
10.2% fish oit
suppressed, and 1€%
fish oil again
elevated the
tumorigenesis

Corn oil level did rot
consistently affect
the tumerigenesis

Antioxidants were used

6409
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Table 1--continuea

Reference Objective Test animals Duration of Diet Additional Treatment Pesults Assessment
{author, Study
date)
Reddy The effect of n-3 rich Male, 5-week-old, F344 | 2 weeks betore Low corn oil: 5% corn oitl Azoxymethane Colon: Azoxymethane- i nduced
et al., 1991 tish otl and n-6 rich rats, 39 per group and 42 weeks High corn oil: 23.5X corn oit High corn oil diet, fed during the colon tumorigenesis in
(Ref. 16) corn oil fed either after the High fish oil: 18.5% menhaden oit postinitiation period but not during rats were
during the initiation treatment and 5% corn oil

or/and during the
postinitiation period

on colon carcinogenesis

the initiation period, significantly
increased azoxymethene- induced
tumorigenesis (incidence and
miltiplicity of colon adenoma and
adenccarcinoma) compared to low corn
oil diet

#igh fish oil fed either during tne
initiation or the postinitiation
peried, significantly reduced
azoxymethane- induced ircidence am
multiplicity of colon sdenoma and
adenocarcinoma compared to high corn
ofl; there was no difference in
tumorigenesis between low corn oil and

high #ish oil diet groups

signfficantly enhanced
by high fat (high corn
oil) diet and
significantly
suppressed by high
fish oit diet;
howaver, the fish ofi
{evel, tested, was
unrealisticalty high
Caleric fntakes were
similer among groues
and there was no
difference in body
weight gains;
therefore, the effect
of corn oil level
(total fat) was
independent of energy

eftfect
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Table 1--continued

Reterence Objective Test animals Curation of Diet Additional Treatment Results Assessment
Cauthor, Study
date)
Q' Connor The effect of n-3 fatty Male, 14-day-old, 4 months Azaserineg

et al., 1989

(kef. 27)

acid:n-6 fatty acid
ratio on the
develepment of
pancreatic

preneoplastic lesicns

Wistar rats, 15 per

group

Corn oil varied from 0 to 20 weight %
menhaden cil varied from 20 to 0
weight %

B3:né = 0.01 to 7.0

total fat = 20 weight %

Pancreatic tumor:

Increased ratic of n-3:n-& in the diet
resulted in significant{y decreased-
atypical acinar cell rodules (AATN) in

the number and volume

Type FAACN X vol of
0it per o’ pancreas
20% corn oil 432 6.01
20% merhaden
oil 318 2.37*

'Signif\'cantly different from the corn
oil group

There was significant, but unstable,
regression between increased n3:ng
ratio and decreased AACN diasmeter

More than 15 weight X menhaden il
(less than S weight % corn eil} in the
diet did rot further suppress the AACN
development

High menhaden oil significantly
decreased serum prostaglandin-
thromboxaneg,, prostaglandin-E, and 6-

Keto-prostaglardin-f,,

Preneoplastic lesion,
not tumor, was tested
8ecause less than S
weight X corn oil
{more than 15 weight %
merhaden oil) in the
diet did not affect
the tumorigenesis, S
weight X of n-6 fatty
acid rich corn oil may
be required for
optimal tumorigenesis
The results suggest
that high n-3 fatty
acid in the diet may
suppress the
development of
azaserine-induced
preneoplastic lesion
of the pancreas in
rats

Isocaloric diets were
used, and there were
no differences in body
weight changes among

groups

¥6.09

1
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Table 1--continued

Reierence

Duration of Diet Additional Treatment Results Aszessmen:®
{author, Sty
date)
Crengo The eftect of menhaden 4 t2 % 1/2 month-old, 2 weeks before Corn oit 0.75 weight % Ultraviolet radiation Skin: n-3 fatty acid-
e al., 1989 oil on 40 SKH-He-1 mice, 49 ard 20 weeks 4 weight X 12X menhaden oil significantiy Fizh oil in the dint
fRef. 202 photesarcincgenesis in per grouc after Henhaden oil 4 weight ¥ praolonged latercy period comoared to significantty
raicless mouse ultraviolet 12 weight % 4X% menhaden oil, 4X corn oil, or 0.75% | sumpressed the
radiation total fat

= 0.75 7 12 weight X

corn oil

4% menhaden oil significantiv
prolonged latency period compared to
4X corn oil, but not 0.7SX corn oit
12% menhaden ail significantly
suppressed multiplicity compared to 4&X
corn oil, but not 4% menhaden oil or
0.75% corn oil

4% menhaden ofl significantly
suppressed multiplicity compared to 4%
corn oil, but not 0.73% corn oil

Latency (med. Multiplicity

turor time, (# tumor per
week ) animal st 20
week)

Corn 6if 4% 143

09.7% 21.8" 0.67*
Menhaden

0it x 2s.2 N2k

2y 261 1, 23"

Different letter as 2 superscription
shows 3 statisticaily significant

difference

developmant of
ultraviclet rediaticn:
induced shin
tumrigenesis in mice;
however, the test
diets, except &% corn
oil, might not have
provided adcquate
linoleic acid for
growth of tumor anz
the host snimal

Total fat leve!l wax
very low

150 calorie dicts used

opadg
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Tanle 1-~continued

Reference Objective Test animals Diration of Dier Additional Treatment fesul vy Askes e !
tautihor, Sty
datey .
Locniskar The effect of §ish oil Feimale, wzaniing & waeks {WtZ3 initiator: Sk Fish oy . -’
et al., 1990 on skin turorigenesis SENCAR mice, 30 per initiation Menhaden ofi{  Corn oil  Ceconut 0il 7. 12-dimethyl benz{aj No differences in the inciden.e DEOLALLIVE 1
(Ref. 29} Sroup period and &3 g 1.5 8.5 anthracene (DMBA}Y papiiloma o carcinora, ans in tha CRSan g
weeks promotion . 7.5 Promoters mleinticity amang growrs SEIf tun enic o
pariod & 1.5 4.5 12-G-tetradecanoyl phorbol - MIC3 how 1oLt
8.5 1.5 % 13-acetate 715, diers, ercept Yoo
0 1% 2 aii, ve
Total fat 10 weight % proviged adey,
fincielc acia o
' WAL vy (o
Leloriy frtake, v
CORSWIEL (Gf, 9l ey
AR Snwids weie
G G
Yom The effect of n-6 fatry | Mate, 26 %o 30-weeks- 12 Yo 14 dayg Saybesn oii 4 weight % Transplant of EL4-{ymphana tronsplanted {ymgshions and hpe Sriatei
et al., 1990 acid:n-3 {atly acid old, €57BL/65 mice, 30 Linseed oii b weight % cells (imsulin producing celtis isricaliy tow
(Ref. 30) ratio on transplanted per aroug Fizh oil & weight % cells) or thymoma ceiis In EL4 wice, itinseed i, twt noy fien 1orat Fat umd or
tumars {insul in-dependent celis} 2il, significanily s sed rie Pindings cannot e
into right flank muscle growth of Gumor (waighty comcarsd Lo BATTEDUL¢TET T neg

the soybean o'i proug

in thymoms mice, tish ori,

i
the giowth of tumor congar

sovlest ofl

7 e

Byt 1Y

sweed ol signifigentiy sy

humnen ohpsietogy

Furrher

o1l owrd frsnoor, gl

byht nut
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Table 1--continued

Reference Objective Test animals Duration of Diet Additional Treatment ResyulTs Ausesien” ]
{author, Study
data)
Ling The effects of fish oil | Hale, Spragus-Dawley 11 days Control: Transplant of Yoshida

et a¢., 1991
(Ref. 313

ard medium-chain
triglycerids in
parenterai nutrition
regimen on transplanted

tumor

rats (age not
reported), %0 to

100 g, 10 per group

Intralipid containing 2.4 weight %
lipids
Test:
2.6 weight & fish oil with medium-
chain triglyceride of 40X fish oil:

40X medium-chatn triglyceride

Sarcoma cells by
subcutaneous injecticn
Intravenous tumar necrosis

factor (TKE)

Transplanted Sarcoma ce'is

The replacement of 'ong-chain fatey
gcid with €ish oil of mediim-zhain
triglycerides in the T4 sclution
significantly inhibited tumor growth

es volume, but not a3 v

Fish oft with medium-
erain triglycericds Tik
reaimen did not
provide adequate
linolaic acid for
growth of tha host

animal amd tumor

E
!
i
|
|
!
|
|
|
|
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Table ?--continued

Reference Study Design and Objective Method of Dietary measure Type of cancer Results Assessment
(author, date) Population
Hursting Ecologic: Registry To test the hypothesis Per capita dietary intakes were Breast, The incidence of breast cancer was Dietary assessment:
et al., 1990 data in 20 countries that different kinds of obtained form food balance sheets cervix, lung, significantly associated with intakes of Dietary fat consumption disappearance
(Ref, 3B) for 35 to 64 year olds fatty acids have for 1975 to 1977 and assessed by a colon, and total fat (r=0.72), increases with social and economic development
different tumor-promoting | multiple regression analysis prostate Saturated fat (r=0.57), n-$ polyunsaturated

capabilities

fat (n=0.5), but not with monounsaturated
fat or n-3 polyunsaturated fat

The incidence of female colon cancer was
significantly associated with intakes of
total fat (r=0.62) and saturated fat
(r=0.47), but not with polyunsaturated fat,
monounsaturated fat, n-6 polyunsaturated
fat, or n-3 polyunsaturated fat

The incidence of prostate cancer was
significantly associated with intakes of
total fat (r=0.69), saturated fat (r=0.
55), and polyunsaturated fat r=0.46), but
not with n-3 palyunsaturated fat; n-6
polyunsaturated fat intake showed a
borderline associstion (r=0.46, p=0.073)
The incidence of both cervical and tung
cancer was not significantly associated
with any type of fat intake or total fat
intake

Total calorie intake was rot associated
with cancer at any site when controlled for

total fat intake

and may simply be a marker for affluence,
vhich would affect the incidence figures for
cancers, such as improved cancer detection
N-3 polyunsaturated fat intake among the
populations was relstively smali and
invariabte

Confounding:

ALl regression analyses were adjusted for sge
ard intakes of sli other compcrent fe's s:
well as for total calories

As ts the case with all ecologic studies,
because populations, rather than individuals
are measured, associations may ba spurioc
Comprehensive controtling of confounding
factors {s not possible

Correlations were reported only for femaie
cancers and male prestate cancer; results
reported to be similar for males were not

shown
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Table 2--continued

Reference
{author, date}

Study Design and
Population

Objective

Method of Dietary measure

Type of concer

Results

Assessmernt

Kneckt
et al., 1990
(Ref. 39)

Prospective; 20 year
followap; 3,988 initial
cancer-free Finnish
women aged 20 to 69
years

From 30 different
regions of Finland: 54

cases were identified

To examine the
relationship between
dietary fat and breast

cancer

Examined rofe of total fat,
saturated fatty acid (SFA),
wonounsaturated fatty acid (MUFA),
polyunsatursted fatty acid (PUFA),
chotesterol intakes, and energy

intake through dietary history

Breast Carcer

The overall relative risk (RR) for the
association between relative fat intake and

occurrence of breast cancer is:

Overall RR 1.7
(0.6-4.8)*

SFA intake 1.4
€0.5-3.7)*

MUFA intake 2.7

(1.0-7.4)*
PUFA intake 1.2
€0.6-2.8)*
Cholesterol intake 2.2
(1.0-5.0y**
* = Nonsignificant
** = horderline significant
Breast cancer is inversely associated with
energy intake, but not significantly

related to fat intake

Hathod of dietary assessment:

Dietary history was collected 20 years prier
> to cisgnosis, se recall bias {s eliminated
However, changes in diet cver the 20 yesr
folloap interval werz not evaluated

Dietary confcunders:

Adjustment was msde for total energy intake

Confounders:
Adjustments were made for age, body-mass
irclex, ststure, smoking, parity, menspausal

status, and rural versus urban ceography

00809
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Tahle 2--continued

Reference
(author, date)

Study Design and
Population

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

Howe
et al., 1991

(Ref. 40)

Prospective study; 5
year followup period
(1982-1987); 56,837
women, 40 to 59 years
enrolled in the
Canadian National
Breast Screening study;
519 breast cancer cases
were identified during

the followup

To examine the
relationship between
energy sources and breast

cancer risk

The self-administered diet-history
questionnaire on 86 food items; and
an interview-administered dietary
history; subjects had completed the
dietary questionnaire before

diagnosis

Breast cancer

Except for the lowest quartile, there was a
significant association between increasing
fat intake and the incidence of breast
cancer

(RR for the highest quartile=1.3 : 95X
HIGHEST =1.00-1,82)

All three fat types (SFA, MUFA, and PUFA)
showed a general pattern of increasing risk
of breast cancer with increasing intake
The exceptions were the first guartiles for
SFA and MUFA

(The mean X of calories from fat was 31%
and 47% for the {owest and highest
quartiles, respectively)

Menopausal status did not affect the

results

Dietary measure:

Comparison of the results from the interview-
administrated dietary history and the setf-
administered dietary history showed good
validity and reliability

Subjects had completed the dietary
questionnaire before diagnosis, eliminating
recsll bias

Confounders in diet:

The association between fat intake and risk
was assessed after adjusting for other sources
of calories

Total calorie intake was not sssocisted with
increased risk

Adjusted for education, sge st menarche, age
at first pregnancy, nuliparity, surgicat
menopause, age at menopause, history of benign
breast disease, and breast cancer in first

degree relatives
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Table 2--contimued

Reference
(author, date)

Study Design and
Population

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

Hills
et al., 1988

{Ref. 413

Nested case-cantrot;
142 fatal breast cancer
and 852 age-matched
controls among CA
Seventh-day Adventist
women from 1360 to
1980; 30 to 85 years;

whites

To test the hypothesis
that breast cancer
mortality is related to

the usual frequency of

use of specific foods of

animal origin, including
meat, cheese, milk and

eggs

A 21-item food frequency

questiopnaire

Breast

Mo significant relationship between the
consumption of animal products (meat, milk,
cheese, eggs) and breast cancer risk

Among women with relatively early age at
menopause (< 48 years), a suggestive but
nonsignificant, positive association
between meat consumption and the risk of

breast cancer was noted

Although there was significant variation in
the frequency of meat consumption between
cases and controls, both groups were (ow meat
consumers by American standards: 47% of the
total popuiation never or only occasionally
consumed meat

Dietary measure:

The 21-item food frequency questionnaire was
not sufficiently detailed to aliow analysis of
specific rutrients; therefore, the consumption
of fat specifically was not tested for its

relationship with the risk of breast cancer

20809
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Table 2--continued

Reference
(author date)

Study Design and
Population

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

Rohan
et al., 1988

(Ref. 42)

Case-control: 451
female Australian case-
control pairs;

20 to 74 years old;
Cases were with first
diagnosis with breast
cancer 1982 to 1984
Controls were without a
history of breast
cancer; randomly
selected from the
electoral roil; age
matched with the case
113 premenopausal pairs
ard 262 postmenopausal
pairs

The remainders were
either premenopausal or
discardant on

menopausal status

To test the hypothesis
that the risk of breast
cancer increases with
increasing intake of
total fst, protein, and
energy; end decreases
with increasing intake of

vitemin A

A 179 food item, self-administered
food frequency questioﬁneire;
cases were instructed to disregard
any dietary changes that had
occurred subsequent to their

diegnosis of breast cancer

Breast

Ho significant association between dietary
intake of fat, energy, protein, or

carbohydrate and breast cancer risk

Dietary measure:

instructing the cases to disregard dietary
changes subsequent to their diagnosis of
breast cancer may have helped eliminate some
of the recall bias

The range of total fat intake among the total
population was 35X versus 46X in the lowest
versus highest quintile e¢f fat intake
Dietary fat intake in this population may not
be sufficiently heterogeneous to detect
variation in disease risk

Dietary confounders:

The difference in fat intakes between the
cases and the controls was not reported
Energy i cake was not adjusted in tha risk

analysis for lipid intake

YGUIAAON ‘AupSaupapy [ 677 ‘ON '9S [0A [ 1918189y [esopay]
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Table 2--continued

Reference
(author, date)

Study Design and
Population

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

Gerber
et al., 1989
{Ref. 43}

Case-control: Hospital-
based population of
French women 25 to 65
years; Cases:

120 with a first
diagnosis of breast
cancer

Controls:

109 with admission for
neurologic syndromes of
other than
cardiovascular or
tumorat origin, or for
tumbalgias or disc

pathologies

To address the question
of the specific role of
fatty acids in relation

to breast cancer

Nutritional data from a
questionnaire on the dietary
history: Weekly or monthly
frequency of consumption for 55 key
food items in lipid and vitarin

consumpt ion

Breast

Pre-menopausal and postmenocausal groups
considered separately

Intakes of total Llipids, SFA, MUFA, PUFA,
and olive 0il were greater in cases than in
controls

(borderline-significence: p=0.07)

Intakes of sunflower oil was greater in
cases

Fatty acid serum distribution is comparable
in both samples, except arachidonic acid,
which is significantly lower in
premenopausal patients than in
premenopausal controls

Plasma lipid peroxidation is significantly

tower in patients than controls

Major confounding factor:

The association between calcium and ‘ecreased
peroxidation can be fortuitous or reflect the
decreased rate of lipid peroxidation
associatior, «l.% = increased rate of cell
givision

The suthors admit that the fat intake result
is controversial and have undertaken a larger

case-control study
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Table 2--continued

Reference
(author, date)

Stucy Pesign and
Popuiation

Objective

Mathod cf Dietary measure

Type of cancer

fesults

Assessment

Taniolo
et al,, 1582

(Pef. 48)

Case-control:

Cagest 330 women with
breazt cancer, but no
metestases;

Controls: 499 women
from 8 random’zed,

seratitied sample of

the general ponulation
ALl = T8 yozr ald and
from the Yorceild

pravince in itely

Ta investigate the rcle

of diet in breast cancer

An interviewer-sdministered dietary

history questiennairse

8reast

Cases consumed more calories (2,419 vs
2,296 kcal per day) and total fat (94.4 vs
88.2 g per day) compared to the centrol
Age and calorie-adjusted relstive risk
shouwed 8 significant association for §FA
intake (p=0.001) end total fat intake
(p=0.056)

The inteke of dairy products sas
significantly asscciated with the risk of
breast cencer

Neither meat consumption nor poultry
consumption significantly increased the

risk

Well-dome study;

Dietary assessment:

Questicnnaire had been tested previously,
valideted, and used in a stucdy with, which
proguced comparable results

Veriation of fat intake in diet I3 243 ro 44%
in thiz stud, 23 opoosed to only 32 f0 44% in
Willatts

Confourding for ncrdictary rick factors:
Adjusted for aga at menarche, age ot
menopause, age at first birth, height, weight,
Quetstet index (weight diviced by height
squared), socioeconomic status, and martial

status

Case-controt: 1,488,

breast cancer

€3

dizgnosed over a | ysar

porieod in Renmark;

70 yesr

1,336 ege-stratitied
raruom sample from the

general popuiation as

: the controt

To elucidate the

in

iuence of dietary
facters gnd hormones on

beeast-cancer ~isk

Self-edministered questionnaire,
given 1 year after the diagnosis:
the semi-quaniitative foode
frequency questionnaire collected

food intake data for the yzar prior

to diagnesis for 21 feod items

8reast

Total fatty acid intake was significantiy
and lirearly associated with breast cancer
risk (RR for the highest quartite=1.45;

p<0,031 for the test of & trend)

Dietary measure:

The 21 food item included {n the gquesticnnaire
covers absyt BO% of fat consumption

The questicnnaire was designed with twe gicbe!
questions to monitor the frequency of
consumption of smeat and vegetables

The sum of the frequencies of consumption was
compared with the global ‘requency and wzigh:s
were assigned to adjust overestimations
Confounders:

Effect of energy intake was not cortrolied

Fay (eiopo ]
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Table 2--continued

volume occupied by
mammogrephic dysplasis;
2 30 year (mean age
44y, {147 control and
43 intervention):

X of the contrel group
and 20X of the
treatment group lost
during followup; 76X of

subjects -premencpausal

schieved and (23 i¥
mammographic dysplasis
increases one's risk of

breast cancer

intake

Intervention group to reduce fat
intake to 15X of the calories

A 3-day food record and a 1-day

dietary recall

{2) Dietary compliarce was mainteined over

the 1-year intervention period

Reference Study Cesign and Objective Method of Dietary measure Type of cancer Results 1S ossaent
{autho  date) Poputation
Mettlin Case-control To test the hypothesized Dietary Guesticrnaire for milk- oral, stomach, Controls were more {ikely to mever drink This study is of Lirtie velue berause 1t o
et al., 1990 Cases: positive sssociation drinking habits colon, rectum, whole milk than cases, after adjusting for not address the corralation of milk intais
(Ref. &8} 3 334 men and women between fzt and cancer, lung, Breast, sex, age, smoking, education and county ¢f with aietary fat intakxe
(5C of each}; ages 19 ard hypothesized inverse uterus, residence Many other factors which mav be ascociatea
tc 9¢ vears association between tervix, findings were significant only whea with milk drinking habits were met contruliet
Controls: carcer ond vitamin A, D, prostate, comparing whole milk to no niilk {reference Biases inherent in hospital based somptle
1,300 mer and women, riboflavin, and calcium bladder group} and for the oral cavity, stamach,
hospital-based colon, rectum, lung, bladder, prostate snd
breast
Boyd Randonized clinical To determine (12 if long- | Dietary-edvice: ) 8reast cancer (1) Combined controi and intervention This siudy g {mporyant a¢ an precursor ur
et al., 1968 trial; 295 women with & | term compliance with & Control group to maintain healthy groups experience higher cencer than tuture intervention teials; it tetis
(Raf. 54) 50X of the breast low fat diet can be diet without changing dietary fat expected in the genersal population compl fance 1y possible for at least 1 year,

ard it supports the hypoihesis that
fammograpnic dysplesis s 8 high risk factos
in breast camcer development

However, the time iz tos short snd the wumbeis
toe smmall to draw any conclugions about

distary far snd the inctdsnes of bhreasy (wee

O BTN

&3
o
&8
o
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Table 2--continued

Reference
(author, date)

Study Design and
Population

objective

Method of Dietary measure

Type of cancer

Results

Verreault
et at., 1928

{Ref. 55)

Survey of 668 women

with 2 newly diagnosed

infiltrating breast

carcinoma 1982 to 1984;
Auebec City srea,

Canada

To study the possible
effzct of diet on the
progression of breast
cancer, once it has

occurred

An interviewer sdministered food
frequency questionnaire covering
114 feod items for the yesr

preceding diagnosis

Breast

After the adjustment for energy intake,
total fatty acid inteke showed no
association with the fraquency of madal
development after diagnosis

After sdjusting for energy intake, aps,
body weight, and tumer sire, the intake nof
SFA was not significently associated with
the frequancy of ariliary node develepmant
at diagnosis essong post-zmtnopausal ratients
MJFA intake was negatively end
significantly asscciated with nadal

davelopment

Rietary measures:

The type af PUFA iz not igentified

The ctudy aosessad a orouth of nodes (r-oxy
for pregrossion of thr diszase), wyt not

gircitive the risk of sancer

Boyd
et al., 1989
(Ref. 56)

Case-control; 30 women
with extensive
mammographic dysplasia
{2 75X of the bresst
involved) and 16 womer
ufthout dysplasia (<
5% dysplasia); 30 to
&0 years; Breast center
at Momen's College
Hospital and Mational
8reast Screening Center
at the Mt. Sinai

flospital

To determine biochemicat
associations with

mammographic dysplasia

A T-day recall plus & 4-day food

record

Breast

Mo significent difference in consumption of
total fat, diffsrent types of fat,
cholesterol, tctat calories, carbohvdrate,
or protein for those with and withoyt

dysplasia

Dietary concerns:
There r3v be an imsufficient differenne in
rtrient intake boatezsn the twe a7ome o
detect an effent

Confoiuylers:

tha studvis sbjective was te datermiag

plazme lipid fevels, dietary £32 was srgminad

2 confourvier for Liptd plesma tevefs - he

stusky did rot sxsmine tor zenfeurdns o

digtary fat intave
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Tattle Z--contirued

Reference
Cauthor, date}

Seudy Design and
Pupuiarion

Djeciive

Hethod of Dietary measure

Type ¢f cancer

Fasulyy

ASZESSIeNT

€Eid end Berry
et al,, 1988

(Ref, 52}

Case-control; 23
Israeli women (ages not
given} who were
undargoing bicpsies for
breast masses

37 fiad carcinoma,

27 had fibrosdenoms,

21 had other types of

MESSTE

To sty the effecis ot
the guality of fat (i.e.,
satufated versus
polyunzaturated) anc

carcimogenesis

D{etary messures not nacessary;
fatty acid composition messured
directly through biopsy

8reast tissuz from each individuai
was zhalyzed for fatiy acid

composition (16 also ¢

tissuz biepsied from buttocks tu
compare breast tissus fat as an
indicator for overell subcutaracus

body fats 98X correlation)

The qualizy of dietary fat does not eppear

to be sssoriated with the development of

necplasis of the brezst:
fiber-
adanoma Other
PUTA:SFA
Ratic T.59 .98 1,02

The PUFAISFA ratic was ro differsac between
ihe group =ith cancer, fibrosdenoma, or

other tumors

Age i3 a posaible confowwder

However, an ohalysis of 400 Diopsics fevs
ingigniticant correlstion barwzern aye ang
polyunsaturated to saturated ratiy

ALl subiects wre patiancs with breast Lesiars

Data wos repdrted only us @ retio for

darty woids; the actual amount ie faoorvant

wald

Y

Bricsxt
et al.. 198%

(Ref, 573

Taga-control; 290 newly
diagnosed breast cancer
patisnte and 645 women
wha parcicipated in the
Canadian National
Breast Screening Study
as the centrol; 40 ta

£2 year; in Guebec

Yo evaluats the
sesocistion of the
forphology of bresst
Tis5U8 geen o INGMMOYT &S
with breast eancer risk
and to essess the
reletion of dier,

especially inteke of fau

arvd vitwmin &, te the
1

higk-risk mansographic

mEges

An interviewer-administered food
frequency questiohnalre of inteke
of 114 feod itews during the

previous year

Zreast Cancer

Mg cenitrols, enerygy mijusted intakes of
saturated Jat, ut ret polyunsavurated fat
oF cholesterol wae signiticant{y associated
with en increase in extent of high-risk
manmographic features
The irisk of breast cancer incidence
ircreases regulsarly with the extent of

modutar snd homogenecus d

ties ¢ the

mamnCgran

tetary iRasured  acceutable; sufters reeait

bies ;
Corfounding: edjusted for age, weipht,
parity, sl sducerivn

Fiber imtske vas measursd and corsidered

separately in analy
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Takie

feference
{author, date)

Staty Desion snd
Foputation

G jective

Kethod of Distary weasury

Resuit:

Pryot Case-Control; wiite To assuss how inzaka of Used & onal Cancer Iostioute 2o Breast Uencer Scravified or grouss Clealy Meadule: ¥y lueg PEcall furisd,
et sb., 197 Teinales tetwien the dietary fst and §itemr Frequisnty GouSTIonnaing to avsess High fat take consistentiy tovered the PO ey bius

(het. 45)

sges of JU ared S4; 172
cases are women who
were diagnosad with
mistcelogicalty
confiomed tirst orimary
breast (ancer

IR0 metohed conti

Jurirg adotescuni ysars

loted 10 the

incidence ot bre,

fancer

Past 1take Quring saoleicent yearsy

okds ratic (R} Ixiow

AR A TR TSI

womssF . but mot Significantly

(R =

0.7, contid:

2.1 for highest versus

The Fetationship wias iy

TEANT 1A PO TIENGLI

quariile;

The relation of breasy cancer 12

IBLANG GUriNg acclastes

Contruibivg:

Sonn for wiw,

Tty

Theousi

fFoiltlipie logietis regresson

Eibur astshe sdjusted inoan

Fat i dalry producti
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Table 2--continued

Refarence Study Design and Objective Method of Dietary measure Type of cancer Results Assessment
(author, date) Population
Holm Case-control; To examine the

et al., 1989
(Ref. 53)

240 women 50 to 65
years who had surgery
for breast cancer
(1983-1986); mainly

post- menopausal

relationship between
dietary habits and
prognostic factors for

breast carcer

A dietery history interview within
4 months after resection of the
primary tumor for prediagnostic

food consumption

Breast cancer

Patients with tumors 2 20 millimeter fnm)
in diameter had significently higher mean
percant energy from total fat and
monounsaturated fat, and significant(y
lower mean energy from carbohydrates
compared to patients with tumors < 20 mm;
there was no significant differerce in the
total energy intake
mm Tumor size <20 » 20 p
Total energy,
energy X 36.3 32.% 0,02

Monounsaturated fatty acid energy %

12.4 13.2 0.003
Carbohydrate energy X

46.3 44.6 0.06
Total energy in millijoules

8.2 7.8 MNonsignificant

Poor study due to lead-time bias:

corrected for tha women who have surgery

eartier (more routine cace, self-sxoum,

diets, etc.)

Adjustment was mede for fiber, sarbehydrates,

and total energy
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Table 2--centinu

{euthor, wate}

Stwly Desig
Popaatatior

#ethod of Dietary meesurs

T

Type of cancer

iscovich

{Ref. 44)

¢ ta 75 year

meert 94 year; coatrols:
for each case, ow
hospitat control,
matched by age and
hoepival, and one
seighbarkood control,
matched by residential

ares and age

16 wwover azsoviations

tetween dier wiwd Lraasy

CarNe

Anointerviewer- saninisteres

seniquant 11ative fowd frequency
guestionnairs on 147 ¢ony iters
diring the 3 year period w %o €

menths pirick te interview

Breast camwer

intare of anergy taal tar, protein,

2iwd

carbohydrates wery significaniiy ass

with (he rivk of brenst came:

intakes of processed meat, fried sews,

enimal ¥at, eggs, g7

ing, an put 5é

significantiy associeted o
breast cancer

intakes of Fruit ang vegetables weré
negatively associated

intakes of red meat, poLitiy, w Vagetabis

2il were not significanzly asscuiatec

[SER FESTTE P

Ad)

SlEQnET Ly, BRI Tty

ACjunnbeat far tutal Chio

done

KO Sigritizant g1 ftefmmus mod foass Lot s
the etfects of Yar, e Creih, s LRIbURO L

foyd wnd
McGuire 1992
(Ref, S83

Case-concrel; 30 womer
with extensive
mammographic densitvies
(2 75X dysplasial end
16 controis without
radiological ckunges
{<25% dysplasia); 30 to

50 year:

Yo determire if mutagenic
procucts generated by
{ipid peroxidation may
influence bresst cancer

rate

4 day food record

Breast cancer

The group with extensive maTmogra,

dysplesie eacreted twice the atout of
malonaldehyde int the wrire rumpared Yo the
control group (p<0.02;

The quantity of malonatdenyde 15 the urine
is an indicator of lipid peroxidation in

diet of

Ssue

%o difference in nutrient intakes incluwiing

total fat between e two grolgs

Lecause the main

o erETE sl onald

e selecied va:

contound

Cenfounaing foi

13t mas fot

o
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Referaence

Table 2--continued

(author, date)

Simard

Study Design and
Poputation

Case-control:

Objective

Kethod of Dietary measure

Type of cancer

Resulis

Assessment

et at., 1950
(Ref. 497

Vaint Veor

68 women with breast
cencer age-matched

and 343 wemen es the
control; 40 to &9 year;

in Montresl

To compare fibrocystic
patients with age-matched
controls selectad within
the sams cchort.
poputation of women
atterding the Canadian
¥stional 8reast Screening

Study (RBESS)

A samiguantitative food-frequency
quastionnaire for the breast cancer
patients

A 24 hour dietary recall for the

control subjects

Breast

The breast cancer patients consumed
significantly more poultry, fish, pastry,

and margarine; and, less milk and butter

Dietary Assessment:

The method for collecting food corsumption was
different betwsen the controt and the cases
The risk was assessed with current food
consumption while 1t was noted that 16X of

cancer patients had been on & reducing diet

et al., 1990

(Ret, 50)

Case-controi: 133 neuly
diagnosed breast cancer
cases; 25 to 44 year
(98% premencpausal) or
55 to &% year (97X
postirenopausal); 289
sge-stratified healthy
contrais from gencral

poplation; Ketherlands

To design and carry out a
study which examines the
roie of dietary fet in
breast cancer, but
overcomes problems of
many other studies;
specifically,
methodstegical problems
in dietary assessment end
corfoundirg by energy
intake is corrected
through the use of a
standardized and
reprocucible dietary

history tachnique

A& 235 food item diet history
interview mas conducted to cover
the dietary pattern in the 12-month
period prior to diagnoses or the

intarview date

Breast

Age-adjusted dietery fat intake in breast
cancer cases was significantly higher than
that in heslthy controls (120 vs 92 g)

The age-adjusted OR showed a significant
positive trend with increasing fat inteke
The multivariate asdjusted OR was 3.5 for
s\.bjects in the highest quintile of fat
inteke compared to those in the Lowest
quintile

The OR, sdjusted for energy intake and ege,
was 1.54 per 24 g fat or 10% fat enérgy
Inteke of éecﬁ type of fat (SFA, MUFA,
PUFA) was positively associated with the

risk as well

Dietary Measure:

Reproducibility of the questionnaire was
verified by a repeated measurement one year
after in 39 control subjects

Confounding by Nondietary factors:
Adjustment was made for familial history,
Hislory of benign breast disease, education,
employment, age at menarche, ege at firat
full-term pregnancy, parity usage of oral
contrazeptives, smoking, body mass index, and

alcohol intake
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Table 2--continued

Reference
(auther, date)

Study Design ard
Population

Objective

Mathod of Dietarv measure

Type of cancer

van't Veer
et al., 1991

(Ref. S1)

Case-control: Newly
diagnosed 133 women
breast cancer cases anrd
289 ;npulazian‘ccntrols
in the Nethertands: 25

to 44 ard 55 to 64 year

To examine several
combinatiens of dietary
tactors - total fat,
fermented milk products
and fiber on breast
cancer occurrence because
these dietary factors are
hypothesized to atter
estrogen metabolism by

the intestinal microflora

A 236 food item, interviewer-
administered diet history
questionnaire;

Dietary pattern in the 12-month

period prior diagnosis

Breast

Oietary fat intake was positively
associated with the risk of breast cancer
after adjustment for age (OR=0.57; C1=0.36-
0.90)

When total fat is included as a main
effect, fiber, fermented mitk and total f{at
produce an interactive effect which is
positively associated with the risk

{0R=0.33; €.15-0.73)

Dietary method:

Most cases were interviewed within & monthg
after diagnesis

Energy i1nteke was not adjusted

#ondietary confounders considered:

Age, alcohol intaxe, history of benign breast
disease, familial history, smoking,
educational level, oral contraceptive use, age
at menarche, parity, body mass index and

geographical area
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Table 2--continued

Reference Study Design and Objective Method of Dietarv measure Type of cancer Resutts Assessmant
Cauthor, date) Population
Willett Prospective; 88,751 Inis is part of the A 61 food-item, intervieuer- Colon Tetal energy intzke or body-mass index was Dietary assesament:
et atl., 1990 registered nurses Kursest Health Study administered, semi-quantitative not associated with the incidence of celon The dietary method was validated by camparing
(Ref. 62) to %9 year; no history Cchort

of cancer, inflammatory
bowel disease, or
familial polyposis; 150
colon cancer cases were
documented during the
&-year followup (1980-
86)

Its objective is to
determine risk factors
for cancer and ccronary

heart discase

food frequency questicnnaire
focusing on fat and fiber foods was
used

The dietary interview was done in

1980

cancer

Age and energy-adjusted intakes of total
fat, animal fat, SFk, end MUFA were
significantly essociated with the intidence
of colon cancer: intekes of wegestabla fat,

tinoleic acid, and cholesterot were not

RR C.t.
Total far 2.0 1.1-3.%
Animat fat 1.9 1.1-3.2
SFA 1.4 0.8-2.3
MUFA 1.2 1.0-2.¢

Strongest associations with beef, pork, or
lamb eaten 2s a mafn dish; daily eaters had
2 1/2 times the risk of those less than
once a month eaters (P for trend = 0.01)
Consunption of whole milk, cheese, and ice
cream was not significently related to the

risk

its results with results of one-week weighed
food record method in a random cohort

Since the interview was done in 1980, prior to
disease development, there is no recall bies
Controlling dietary factors:

Controtling for physical activity did not
altes the association of the intake of animat
fo1 or meat with the risk

Energy edjustment was done

1809
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Table 2--continued

Reference
¢author, date)

Study Design and
Population

Cbjective

Hethod of Diaetary measure

Type of cancer

Results

Assessment

La Vecchia
et al., 1988
(Ref. 65)

Case-control: 339 cases
of colon cancer and
236 cases of rectal
cancer; both sexes;
1985 to 1987; median
ages, colon cancer = 61
year, rectal cancer =
62 year; northern Italy
776 controls; both
sexes; median ege = 58
years

The controls were also
patients admitted to
hospital for acute,
nonneoplastic or

digestive disorders

To examine the
relationship between diet
and colorectal cancer in
a population in which
there is good
hetercgeneity in dietary

consumption

A 29 food item interviewer-
adninistered food frequency
questionnaire on food consumption

prior to diagnosis

Colon and

rectal

Age and sex sdjusted consumtions of beef
or veal and pasta or rice were
significantly sssociated with the risk of
colon and rectal cancer

Age and sex adjusted consunption of butter
ard olive oil, but mot margarine, was
significantly associated with the risk of
colon cancer but not the risk of rectal

cancer

Dietary method:

Energy consunpticn wes mot adiusted in the
data snalysis

frequencies, but not gquantities of food
consurption were analyzed

Confounding of nondietary factors:

Adjustrment was made through multiple legistic
regrassion for age, sex, sccial class, and

area of residence

Neoptolemos
et al., 1988
(Ref. 59

Case-control: Cases:
30 men and 19 women,
between the ages of 49
and 92, with colorectal
cancer

Controls matched for

age and sex

To assess the
erythrocytic fatty acid
profile in a relatively
homogenous group of
patients with cancer of
the colon and rectum,
using closely- matched

controts

Fatty acids were determined in
erythrocytes and adipose tissue
An interviewer-administered 7-day
dietary recall during
hospitalization on the day before

surgery

Colorectal

Narginally increased levels of stearic acid
(p<0.06) and oleic acid (p<0.06) and
decreased arachidonic acid (p<0.04) in
cancer patients

Marginally increased levels of stearic acid
(p=0.06) and oleic acid (p=0.06) and
decreased arachidonic acid (p=0.04 occurred
in cancer patients

These findings indicate a disturbed fat

metabolism in cancer patients

the study did not address the association of

diet intake and the risk of cancer
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Table 2--continued

Reference
Cauthor, date)

Study Design and
Population

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

West
et al., 1989
{(Ref. 61)

Case-control: 231
colon cancer patients
and 391 population
controls

Both sexes; 40 to 79
year; whites; 1979 to
1983 in Utah

To evaluate the role of
fiber and fat ingestion
on colon cancer
development, as well es
to study the associations
between intake of energy,
types of fat, protein,
vitamins A and C, and
cryuciferous vegetables

and the disease

A 99 food item fnterviewer-
administered, food frequency
questionnaire for 2 to 3 years
prior to the interview; over 90X of

foods eaten by Utah residents

Colon

Both in females and in males, totat fat
intake was significantly associated with
the risk

(OR=1.9 in females and 2.0 in males. in the
highest quartile)

Intakes of different types of fats (MUFA,
SFA, PUFA) were not consistently associated

with the risk

Oietary analysis: recall bias; omitted data
due to physician's refusal (23 of 324 cases),
patient's refusal (70 of 324), death before
the interview (53 of 324)

Dietary confoundars:

Adjustment of data by myltiple togistic
regression for fiber end body mass index;
energy intake was not controlled in the data

analysis

Benito
et al., 1990
(Ref. 67)

Case-control: 286
colorectal cancer
ceses, 295 population
controls, and 203
hospitat controls;
Majorcan residence;
wean age and was 64

year both sexes

To investigate the role
of dietary factors in the
etiology of colon and

rectum cancer

A 99 food item interviewer-
administered food frequency
questionnaire for average

consusption for the previous yeer

Colorectal

A sign(fieantly increased risk of colon
cancer was found for consumption of fresh
meats (RR=2.87) while consumption of
eruciferous vegetables afforded protection
(RR=0.48)

Consumption of dajiry products significently
increased the risk of rectal cancer but not
the risk of colon cancer

Consumption of oil was not associated with

the risk of colon or rectat cancer

Dietary survey:

The average interval between diagnosis and
intervizw was relatively short, 3 months
Adequacy of controls:

The results were reported by comparisons with
the population controls only

Adjustment of confounders:

Age and sex, but not energy intake were

adjusted in the data analysis

21809
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Table 2--continued

Reference
(author, date)

Study Design and
Poputation

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

Ghadirian
et al., 1991

(Ref. 63)

Case-control: 179
pancreatic cancer
patients in Greatec
Hontreal from 1984 to
1988; 35 to 79 year;
both sexes

239 poputation-based,
age, sex, and place of
residence matched

controls

This study was a subset
of the SEARCH
collaborative Study Group
for the case-control
study of cancers of the
pancreas, bile ducts and
galibladder of the
Internationat Agency for

Research on Cancer

A more than 200 food-item and
beverage, interviewer-administered
food frequency questionnaire was

used

Pancreatic

After adjustment for age, sex, energy
intake, response status, and cigarette
consumption, total fat intake (03=2.24) amd
SFA intake (OR=4.32) were significantly
associated with the risk of pancreatic

cancer

Dietary intake measurement:

25% of the cases and 83X of the control were
interviewed directly; 75% of the cases and 17%
of tne control were interviewed by prory
Confounders:

Adjustments made for age, sex, energy intake,

respense status, and cigarette censumption

Goodman
et al., 1983

{Ref. 64)

Case-control: 226 men
and 100 women with {ung
cancer; 597 men and 248
women population-based
controls, sex and age
matched to the cases;
five ethnic groups in

Hawaii; 30 to 84 years

The specific objective of
this study was to test
the effects of dietary
fat and cholesterol on

iung cancer

An interviewer-administered diet
history questionnaire on food
consumption for a usual month prior
to diagnosis; the food items would
provide 2 85% of the intakes of

chotesterol and fat

Intakes of total fat SFA and WUFA were
significantly higher in the cases compared
to the controls in men, but not in women;
in women, only the same tendencies were
found (nonsignificant)

Cholesterol intake was significantly
associated with the risk in smoking men
(OR=2.2), but not in women or past smokers;
the associaticn was consistent for three of

four ethnic groups anatyzed separately

Dietary measurement:

Among cases, 28% of men ard 32X of women were
interviewed by proxy

Among controls, 6% of men and 7% of women were
interyiewed by proxy

Dietary confounders:

Fat intake was not adjusted in the assessment
0of cholesterol and the risk association;
cholesterol was nmot adjusted in the assessment
of fat intake and the risk association
Adjustment for other confounders:

Adjustments for age, ethnicity and cigareste

smoking
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Table

2--continued

Reference
(author, date)

Study Design and
Population

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

Franceschi

Case-control: 208

The role of various

Food frequency questionnaire Lymphoma: The consumption of butter and oil wos bietary survey:
et al., 1989 nonHodgkins |ymphoma Lifestyle factors, including 14 food items or groups NonKodgkins positively related with NonHodgkin's The questionnaire method was verified by »
(Ref. 68) cases and 401 control including dietary habits, | of foods and 7 beverages lymphoma is a Lymphoma risk repeated telephone survey on a subpopulation
subjects who were in was investigated in the heterogeneous The consumption of mitk also was positively | Selection of controls:
the hospital for acute, | etiology of nonHodgkins group of related with the risk The controls were also hospitalized patients
nonimmunologic or {ymphoma disorders The consumption of meat or fish was not Confounders:
neoplastic conditions; resulting from | related with the risk The data was presented after adjustment for
men and women; 18 to 80 malignant age and sex, but not for total fat or energy
year; northeastern part transformation intakes
of Italy of lymphoid
cells
Steineck Case-control: 323 To investigate the A 56 food item food frequency Urothelial A dose-response relationship was seen with Dietary measure:
et al., 1990 urothelial cancer cases { association between questionnaire; recall dietary an increasing intake of fet (RR=1.7 in the tong recall period, inadequaty of the
(Ref. 65) in Stockholm, Sweden

during 1985 to 1987 and
392 population-based
controts selected by
gender and age
stratified random

sampling

urothelial cancer and
dietary factors, with
special reference to
vitamin supptements,
dietary vitamins, and

fried foods

habits 3 years prior to interview

highest quintile) and the risk

Adjustment for fried foods, in addition to
gender, sge, and smoking decreased the
relative risk (RR=1.3 in the highest
quintile)

No association was noted for meat other

than fried meat

questionnaire to analyze fzt intake
Dietary confounders:

failure to adjust energy intakes
Other confounders:

Adjustment made for gender, age and smokiry

1.
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--continued

Referance Study Besi
{author, date)

Tyre of carce

Franceschi Case-controt; 302 eoral Te examin: the

Intakes of pari, poviiry,

=
er si., 1951 eavity and pharyex relationahip betw questiunnalie assoriated with whe sk FI =
-
(Ref. 693 cancer cases ard 897 divtary indicators and -
a
=
controls adwitred to the risk of cancer of ths T st 1ened were Liiited an hara, -
hospital for acute, oral ¥ ard pharynx eiilusd ety ntuleied O S Madi ., =
=X
I
nonneoplastie, and non- aral £0 flflent fatake 7
. -
. . I . . ~
digestive gisorders; in vittaly certomders x4
Pardoacne province, Totel Calirte titake wai ref —
mortheast {taly BT tor dats duliuis i
(el vontuabe '
A s LT YLr BGE S EUNN IPE H =

Howe, 1950 Heta-knelysis of 12 To evaluate tne lea Ly Lrgidticently R eemtruiied fors € tirake y
(Ref. 733 Cate Controt Studies consistency of 12 stusies TOUEIN Letu€ns L $att Carmer Froblem o LTIple CORpETivors 4 & =
of diet amd breast cancer ! sy ,
.t p e LLCdty ‘ ':’
Buiattl 1990 case-control study in Te evaluate gdistary biatary questiom TrequEtaly sTomaih Bacréavai tor tetel Leiue E
(Ref. T4} italy: 1016 ceses 135% factors and nair of intaks ams portion siz vegetslble vat ‘ f_;_,
poputation-based contritailion 1o gsstrie Ho z3sociation sith animil var
controals meristity :
Baghurst Case-controt 104 cases, Asseas relationzhip of Luantitative teca frequency LARETELS sk &iTH o horEased Lholeitertl Cuntfolled 27 1etal
1991 253 population-pased diet to pancreatic cancer | guestionnaire 175 food (tems (usual Videuved TUEE miLb Livricln v
(Ref. 733 contrets intahes Celyd Brteiore el
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Table 2--continuen

Reference Study Design and Dhjective ¥ethod of Dietary measure Type of cancer Results
(author, date) Population
Demirer, 1990 Case-controtl Assesses role of diet in Bietary questionnaire assessed for stomach Increased risk with decreased meat Poorly contrelied study
{Ref, 76) (Turkey) stomach cancer past 15 years consumption (statistically sienificant) fat econsumetion iz Aot measired direcsiy
100 cases
100 controt population-
based ‘2nd hospital
(39+61)
de Yerdieu, Case-control - {Sseden) Assess association Quantitative food frequency colorectal The following are significant for trends Adjusted for fiber intaie anly, ngt tetai
1990 720 cases (268 rectal, between colorectal cancer | qusstionnaire (55 food items) for onky, not for irdividual leveis: energy.
(Ref. 7T 452 coton) and intake of total previous 5 years Increased risk with increased eneroy High ron respense rats amang cases (2030
624 controls population energy, protein, fat, Increased risk with increased total fat
based fiber and body mess {for both colon and rectal cancers)
Also increased risk with increased
saturated fat
increased risk with increased
sonounsaturated fat
increased risk with increased PUFAS rectum
only
Farroxs and Case-control (148 Assess relationship Telephone interview and self pancreatic Incrzased risk with increased protein only Wives used as surrogates when nace
Davis, 1990 male cases, 188 between diet snd administered food frequency {statistically significant); ne risk cages and for controls
(Ref. TB) popszt ation-based pancreatic cancer

controls)

questionnaire (135 food items

assessed 3 years prior to diagnosis

associated with total fat, saturated fat,

cholestercl, or omega-3 fatty acids

Controlied for teral calpriz intake

Adjusted for major risk factors af pencreatic

cancer such az smoking

Study is well done
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Table 2--continued
- - ~ e - 2
Reference Study Cesign and Objective Hethoa of Dietary measure Type of cancer Results
(author, date) Poputation 4
¥
e ]
i : ¥
Jain, 1990 Casa contro! 839 cases Oietary factors and luna in-person interview diet consisted tung gorderline increased risk wirp nighest VR PCLUSET O Litar, Lo
(Toronto) 772 controls (pop- cancer risk of 81 feod ftems (usual intake) cholesterol consumption ievai | wricr coic me Tnfluences oy Gises L
(Ref. 79) based} No association with fats i than 2-% yeu's
Congrollaed For TIlh N
Kats, 1990 Case-control 427 cases Assess stomach cancer Dietary questiornaire seif stomach Ko sssociaticn with meat corsumption or
. - - 3
(Japan) 3014 controls(all risk factors for purposes | administered; limited number of Hidestern-style breakfast (actual £t intaka g
(Ref, 80) urderwent gastroscopic of prevention food items-usual intake not measured; H

exarination)

1
; ek amd o o i
La Yecchia, Case-contral (110 womesi | Laryngeat cancer risk and In person gQuestionnaire 10 Laryngeai No reiationship with irdicators of gretary For smonng 3nd nome < Kl
i
1990 (Italy) cases and 843 hospital dietary facters indicator foods assessed prior to fat RN S
(Ref, 81) controls for acute

onset aof symptoms

corditions non-

neopiestic, non-

respiratory

La vecchia ! Case-control 247 cases ciet and pancreatic In-person gquesticnnaire on 14 pancreas Ho relationship with indicators of dietary Lone tier .
(41520 1087 controls cancer indicator foods assessed at least 1 fat ir
(Ref. 82) hespitalized for acute .

year prior to onset of symptoms

nonnecplastic or

digestive conditions H

O s



Table 2--continued

Referense
(author, date)

Study Design ard
Fepulation

Ohjective

Hethod of Distary measure

Type of cancer

Assessment

#raclure, 1790

(Ref, 83)

Case-control 410 cases
£05 controls

(populztion hasedy

Assess dietary factors in
risk of rensl adeno-

carcinoma

Questionnaire in person at home on
average food consumption in early

1970's

Renal

animal fat and saturated fat weakly
associated with risk, with and without
eadjustment for energy

Total energy not associated

Recall bias
20-year period for recall
vell contrclied

Low participation rate (£9% for cases and 59%

for controls)

Kettling 1990

(Raf. 84)

Case-contrel (303 cases
and 606 costrols
hespitalized for hon-

mslignane diseases

Asseus ovarian cancer
risk in ralstionship to

milk drirking {lactose)

Setf-administered questionnaire
with 66 food items pssessed prior

to onset of symptoms

ovarign

Jotal milk consumption not associated uith”
increased risk

Drinking whole mitk regularly associated
with increased risk compared with drinkers
af skim and 2%

Cen not use results of this study to sssess
risk ot fat consumption

Authors assume that whole milk is & major
source cf dietary fat among adults (but cidn't

assess cooking mitk, etc}

Stemmermann,
1990

(Ref. 29}

Prospective E0OL Hawaii
Jopanese men ages 46-£3
at the beginning of the

stugy 22 years duratien

To 2ssess the impact of
fat and calcium intaie on
the risk of developing
cancer in each large-

bowel subsite

26 heurs diet recall interview

colon/rectal

Age-a&jus!ed mean intake of fat in patients
with colon cencer is lower than that of
non-cases (P=.05) no difference between
rectal cases and non-cases.

No interaction between fat and calcium
intake

No difference in mean calcium intake
between colon or rectal cancer cases versus

en-cases

Not acdjusted for total energy intske

22809
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Table 2--continued

Reference
(author, date}

Study Design ard
Population

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

Statery, 1990

(Ref. 86°

Case-control white
males from Utah aged
45-74;

362 cases, 685
population-baser

controls

To evaluate prostate
cancer risk associated
with fat consumed during

adolescent years

Food frequency gquestionnaire-
compared reperted resuits with
national food consumption trends to
assess the accuracy of the dietary

instrument

prostate

Men who censumed a high fat dies as adulxs
were at a slightly increased risk of
daveloping aggressive prostate cancer after
adjustment for adolescent ciet (0R=1.8,
P=.05) whereas men who consumed a high
saturated fat diet as adotescents were not
at increased risk of deveicping these

tumors after controlling for adult diex.

Recoi!l bias large factor

Multiple confounders not adjusted fer (crly

age and high saturated fat diet in adoiescent)

lotal erergy intake not adjusted

Borderliine significance

2hang, 1990
(Ref, 87)

Case-control of Chinese
women in Shanghai: 186
cases, 184 hospital
controls, 184

neighberhood controls

To assess the
relationship betwean diet

and breast carcer

Diet Histories

Breast

Cases have a significantly greater daily
caloric intake than controls, After
adjusting for the total energy intake
increased consumption of toral fat is
significantly associated with bresst carcer

(RR is 1.7, p =.05) for the highest vs

lowest quintile of fat intake.

Well-done analysis,

Najor confounders &djusted for.

Botk hospital and meighborhood contrs!l

Slettery, 1983

(Ref. 88)

Case-controt - Cases:
119 females, 110 males
Controis: 204 females,

180 mates

To assess the
relationchips of physical
activity and diet to the
develcpment of colon

cancer in Utah.

quantitative food-frequency

questionnaire

colon

Total fat intake shows borderline increase
in the risk for coton cancer in males (OR =
2.1, P=.09) and females (OR = 2.0, P=.C%)

between highest and {cowest range of intake.

Adjusted for age, BMI and fiber intake

Total energy intake not adjusted for,

a4

siday je1op

TOA [ 19)

4

IPSIUPHAY [ BET ON Y

SBL LT JDGUDAON A

sony pasododd /L

£2809



Table 2--continued

Objective

Hethod of Dietary measure

Type of cancer

Results

Assessment

to investigate the
retation between diet and
histologic types of

benign breast disease

self-administered questionnaire
consisting of usual frequency of
consumption during the past year of

39 specific foocd items

breast

Severe atypias and borderline carcinoma in
situ were directly associated with frequent
meat fats consumption (result not
statistically significant: OR = 3.2 ; 95%
C! 0.75-13.21)

small subgroups; findings not statistically

significant

Reference Study Design and
(author, date) Population
Hislop, 1990 Case-control of
(Ref. 89) Canadian women; Cases:
801 histologicelly
confirmed benign breast
disease
Controls: 865 age-
matched

Morales cross-sectional

Suarez-varela,

1990

(Ref. 90)

to evaluate the retation
of Spanish diet to rectal
cancer morbidity and

mortality

consumtion by province was
determined from Nationai Statistics
Inst{tute publications for total
lipids, total animal fats, total

vegetable fats (in g/person/day)

rectal and

colon

a positive correlation between morbidity
and mortality and total lipid consumption
was found., All morbidity and mortality
rate (males, females and total) showed

corretation in excess of .4 (p<.001)

Total energy not adjusted
Lifestyle confounders not adjusted (smoking,

ete)
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