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TABLE 2.—LiriDS AND CARDIOVASCULAR DiseasE: CUNICAL STUDIES {SCIENCE SummARY UrbaTe)—Continued
Reference '{ Study design Study population Duration Method/test/dose Results Assessment/comments
Wardlaw 1980 | Clinical study of effect | 20 men, average 34 7 | 5 week diet Diets. ........ oo .. ... .. ...| Both vegetable oil diets | Well designed and
{Ret 144). of types of dietary yr normal diet fat phase; 7 wk/ | 1. Butter—2 wk.... ... ... .| {PUFA and MUFA) executed study.
tat on serum lipids 37-43% calones washout; 2 Corn-PUFA .. reduced chol 16-21%, | Applicable to men who
Double blinded, CTOSS-over 3. Sun-MUFA | LDL-C 21-26% and consume high SFA
randomized, cross- and repeal. TG by 10-21% diet (did not include
over compared to butter women).
diet Consumption of low fat
Serum chol! falls within 1 diet reduced serum
wk on vegetable oil lipids Sevels in young
diets. healthy men who had
' Dietary chol raised from previously consumed
190 10 500 mg/day high fat diet.
while on vegetable oit | Furthermore the authors
3 diet did not change suggest some risk may
serum TC, LDL-C, be involved as reduce
HDL-C or TG. SFA in diet, especially
High Concentration of substitute PUFA for
PUFA may have MUFA.
pharmacological
eftects on lowering
HDL-C, however, diets
containing 35% of
calories from fat and
P-8 ratio < 1.5 are
not likely to lower HDL
significantly.
Wood 1991 Clinical study ot Moderately | year.. .| Divided nto 3 cohorts 44 | Both NCEP groups Well designed and well
(Ref. 145) effect of diet and overweight, men & 44 women in reduced body fat executed study.
exercise on serum sedentary men and each cohort. significantly and BP. Suggests multifactorial
lipids. women (132 each), 1. Contro!, habitual diet..... In men: Diet (+) approach for reduction
Randomized, 25 10 49 yr 0ld; 2. Hypocaloric NCEP diet.| exercise increased CvD.
controlled. 119 men & 112 3. Hypocaloric NCEP diet HDL, while decreasing | Exercise is important in
Evaluation of diet and women completed (+) exercise. TG, apo B HDL increasing level HOL
activity by clinical study; non- increased significantly | Diet is important in
activity logs, 7 day smokers, low (132%.) in men who reduction of TC and
det records, and alcoholic exercised over diet LDL-C.
telephone consumption alone.
interviews. in women: Diet alone &

{FR Doc. 91-27169 Filed 11-26-91: 8:45 am|]
BILLING CODE 4160-01-M

21 CFR Part 101
{Docket No. 91N-0097]
RIN D905-AD0O8

Food Labeling: Health Messages;
Dietary Lipids and Cancer

AGENCY: Food and Drug Administration,
HHS.

ACTION: Proposed rule.

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

(+) exercise
significantly reduced
BP, TC, apo B
compared to controls.

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

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

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
1990. The agency's conclusion is based
on its review of the publicly available
scientific literature. The strength and
consistency of the scientific data
supports such claims. Under this
proposal, it also may not imply any
particular degree of risk reduction. The
proposed rule requires that to bear such
a claim, the food or food product must
mee! the criteria proposed in § 101.62 for
a "low fat” claim. FDA is proposing to
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 baseu on
this proposal become effective 6 months
following its publication in accordance
with requirements of the Nutrition
Labeling and Education Act of 1990.

ADDRESSES: Written comments to the
Dockets Management Branch (HFA~
305}, Food and Drug Administration, rm.
1-23, 12420 Parklawn Dr., Rockville. 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. SW
Washington, DC 20204, 202-485-0758
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SUPPLEMENTARY INFORMATION:
L. Background

A. The Nutrition Labeling und
Education Act of 1990

On November 8, 1990, the President
signed into law the Nutrition Labeling
and Education Act of 1990 (Pub L. 101-
535) {the 1990 amendments), which
amends the Federal Food, Drug, and
Cosmelic Act (the act). The 1990
amendments, in part, authorize the
Secretary of Health and Human Services
{the Secretary) (and by delegation FDA)
to issue regulations authorizing nutrient
content and health claims on the label
or labeling of foods. With respect to
health claims, the new provisions
provide that a product is misbranded if it
bears a claim that characterizes the
relationship of a nutrient to a disease or
health-related condition, unless the
claim is made in accordance with the
procedures and standards established
under the act {21 U.S.C. 343(r}(1)(B)).

Published elsewhere in this issue of
the Federal Register is a proposed rule
entitled “Food Labeling: General
Requirements 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 nutritional
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
studies conducted in a manner which is
consistent with generally recognized
scientific procedures and principles),
that there is significant scientific
agreement, among experts qualified by
scientific training and experience to
evaluate such claims, that the claim is
supported by such evidence.

Sections 3(b}(1}{ANii), (BY(1)(A)(vi),
and (b)(1}{A){x} of the 1990 amendments
require that within 12 months of their
cnactment, the Secretary shall issue
proposed regulations to implement
section 403(r) of the act, and that such
regulations shall determine, among other
things, whether claims respecting 10
topic areas, including fats and cancer,
meet the requirements of the act. In this
document, the agency will considor
whether a claim on food or food
products, including conventional foods
and dietary supplements, on the
relationship between fats and cancer
would be justified under the standard

proposed in the companion document on
general requirements for health claims,

B. Public Health Aspects
1. Prevalence and Economic Impact

The importance of cancer as a public
health problem in the United States
cannot be disputed. All forms of cancer
taken together are ranked as the second
leading cause of death in the United
States and account for one in five
deaths. Deaths due to cancer numbered
more than 475,000 in 1987. The overall
economic cost of cancer, including the
direct health care costs and losses due
to morbidity and mortality, was
estimated to be $72.5 billion. The social
impact of cancer can be measured in
part by the potential years of life lost by
death before age 65. Potential years of
life lost were 18 million years for cancer
compared to 15 million years for heart
disease (Ref. 1).

Risk of occurrence differs markedly
for various types of cancer. In 1990, the
leading types of cancer in men in the
U.S. were lung {35 percent of all cancer
deaths), colorectal (11 percent), and
prostate cancer {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 oils) with dietary
importance include fatty acids,
phospholipids, and cholesterol. As
dietary components, lipids are
commonly referred to as "fats.”
Henceforth, the colloquial 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),
moncunsaturated (containing a single
double bond), or polyunsaturated
{containing more than one double bond).
The polyunsaturated fatty acids are
subdivided into those whose first double
bond occurs either three carbon atoms
from the methyl carbon (omega-3) or six
carbon atoms from the methy! 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
linoletc and linolenic acid, two
polyunsaturated fatty acids, are
essential in the diet as precursors of
eicosanoids and phospholipids.
Phospholipids, as well as cholesterol,
are major components of all cell

membranes and myelin, the coating
around nerve fibers. Cholesterol is also
the precursor of the steroid hormones
and of bile acids.

Fat is the most concentrated source of
dietary energy of all the nutrients,
supplying nine calories per gram (g) as
compared to four calories per g from
either carbohydrate or protein. More
than one-third of the calories consumed
by most people in the United States are
provided by fat. In 1985, estimated
average intake of fat was as follows: 19
to 50 year old men, 36 percent; 19 to 50
year old women, 37 percent; 1 to 5 year
old children, 34 percent of energy
(calorie) intake. The largest contributors
to tota] fat intake for all sex and age
groups were meat, poultry, and fish as
well as grain-products (including baked
goods and cakes} and dairy products.
For adults, meat, pouliry, and fish
contributed 32 to 38 percent of total fat
intake, grain products contributed 19 to
22 percent, and dairy products
contributed 13 to 15 percent, For
children, from 1 to 5 years, dairy
products {28 percent) was the largest
contributor to total fat, while meat,
poultry, and fish contributed 22 percent
and grain products contributed 24
percent (Ref. 2.

3. Relation 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
essential 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 or
fewer of the calories), and cholesterol
(less than 300 milligrams (mg) daily).
The available evidence shows that
this excess intake of fat has significant
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 types of cancer and obesity
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 betwecen
fat and cancer as compared to fat and
cardiovascular disease, the weight of
evidence from epidemiologic and
experimenial animal studies suggested
that dictary fat may influence the risk of
some types of cancer, particularly
cancer of the breast, colon, and prostate
and possibly the pancreas,
endometrivm, and ovary. Although the
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precise quantification and the nature of
the association between dietary fat and
the overall risk of cancer has not been
determined, all recent general dietary
guidelines from the Federal Government
and the NRC have recommended that
lower fat intakes should be encouraged
in the United States {Rel. 1, pp. 119-120).

C Dietary Fat: Regulatory History

Because there was a lack of
agreement on the relationship between
fat and cholesterol and good health
when the agency's current regulations
were adopted, FDA limited the amount
of information that could be provided on
the food label about these food
components. Current relevant
regulations are § 101.8(c)(6) {21 CFR
101.9(c){6)), which requires that the fat
content of a food be included in the
nutrition 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 cholesterol
content is permitted.

In 1986, however, with the emergence
of a congensus that limiting dietary
cholesterol would contribute to good
health, FDA published a proposal te
define terms that describe the
cholesterol content of foods {51 FR
42584, November 25, 1986) and also
proposed to require that, whenever
these or other terms describing
cholesterol content are used on the
label, 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 on 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 8 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
define health messages on August 4,
1987 {52 FR 28843). In that proposal, a
“health message” was described as a
claim 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
certain food factors and dietary habits.
Because of a number of comments
suggesting that 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

reproposal for regulating health
messages in February 13, 1990 (55 FR
5176). In that document, the agency
stated that it intended to review
available scientific evidence to address
whether a 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 1990 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 agency has reviewed all relevant
scientific evidence on fat and its
relationship to cancer. The scientific
evidence reviewed included all
conclusions reached in: “The Surgeon
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 considered
documents from other recognized and
scientific bodies, including: NRC'’s “Diet
and Health; Implications for Reducing
Chronic Disease Risk™ (Ref. 3); NRC's
*Reccmmended Dietary Allowances”
{Ref. 5); The World Health
Organizations (WHOQ), “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 on 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 1980 amendments. The topic of fat
and cancer was among the 10 subjects
on which the agency requested
information.

E. Comments Received in Response to
FDA Request for Scientific Data and
Information

In response to the March 28, 1991
Federal Register request for scientific
data and information 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
professionals, and a consumer.

The comments dealt with the issues of
fat and cancer and related food label
requirements, as well as the general
goals and requirements of the 1990
amendments, FDA reviewed all of the
docurnents including letters, press
releases, scientific articles, review
articles, and recommendations included
in submissions. FDA 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 adequate
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
authoritative documents filed in the
FDA docket on this topic 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 prevent
possible abuse of health claims or
misinterpretation 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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claim should be that the food product
contains a minimum amount of dietary
fiber and a standard level of all other
important nutrients commonly found in
that food. Criteria for qualifying levels
for fat were suggested as 10 percent of
calories from food.

A major manufacturer of food oils 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 risk 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 Canada
submitted 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—19980" (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 result in a food
product being classified as a drug
because the Food and Drug Act in
Canada "prohibits the advertising and
sale to the general public of a food that
is represented either by label or in
advertising as a treatment, preventative
or cure for some 48 diseases, disorders
or abnormal physical states including
cancer.”

II. Review of tne Scientific Evidence
A. Federal Gavernment Documents

In “The Surgeon General’s Report on
Nutrition and Health” (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,

although not yet conclusive,
epidemiological and animal data
support an association between dietary
fat and the risk of cancer, especially
breast, colon, and prostate cancer. The
report stated that the effects of different
types of dietary fat {i.e., saturated
versus unsaturated) have not been
separated in most human studies and
considerable uncertainties remain to be
resolved,

The Surgeon General's report
concluded that the weight of the studies
are strongly suggestive of the role for .
dietary fat in the etiology of some types
of cancer (Ref. 4, p. 194).

The conclusions of the other
authoritative documents from the
Federal government listed above
support the positive relationship
between dietary fat and the risk of some
types of cancer, particularly breast,
colon, and prostate. These conclusions
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}.

B. Other Documents and Statements

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 30 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
groups of experts, concluded that—

* * * even though the "relationship
between specific dietary components and
cancer are much less well 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-control studies also saturated fat
is associated with an increased risk of
cancers of the colog, prostate, and breast.'
The epidemiological evidence is not totally
consistent, but is generally supported by
laboratory data from studies in enimals. |
* * * (Ijntakes of less than 30 percent of total
energy will be needed to attain a Jow risk of
fat-related cancers. * * * [Mjost expert
groups now consider it prudent to reduce fat
intakes in Western societies from the

prevailing figure of about 40 percent of
energy towards 20 to 30 percent figure.

C. Review of the Scientific Literature
1. Evidence Considered

To the extent possible, the agency
evaluated data from studies in humans
as well as in animals. The criteria that
the agency used to select pertinent
recent studies required that they have
been published and conducted after
NAS' “Diet and Health” was published
{i.e., after 1988), and that they:

(1) Present primary data carried out in
animal or in human studies;

(2) Be available in English;

(3) Include direct measurement of
dietary fat intake as a single nutrient or
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 controlled
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 epidemiolagic 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 to
be real and indicative of a.cause-and-
effect relationship, Studies in animals
can be used o confirm findings in
humans and to elucidate mechanisms
involved.

2. Evaluation Criteria o

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 adequate
linoleic acid for growth of the host and
tumor cells {There is evidence 1o support
a linoleic acid requirement for optimal
tumorigenesis. In a dose-response study,
O’Connor et al. (Ref. 27} tested
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azaserine-induced pancreatic
tumorigenesis by measuring the
development 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-6:0omeg-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 evaluating human
epidemiological studies included:

{1) Reliability and aceuracy 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 fat intake, in data
analysis;

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

(8) Presence of recall bias and
interviewer 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
sirength 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 biological 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. Animal studies. Twenty-one animal
studies were reviewed and critiqued in
Table 1. Most studies used rats or mice,
and a few studies used hamsters. Most
rodent studies used a known cancer
initiator, 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
incidence 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. 19),
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.
Fleven 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
thymema (Ref. 30}, and sarcoma (Ref.
31). The major omega-8 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 ‘
maminary 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 80 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 fat diet
to tumor incidence, but not tumor
multiplicity. A third study (Ref. 14),
however, showed no association.
Sinkeldam (Ref. 13) also reported a
significant effect of high fat on N-
methyl-N' -nitro-N-nitrosoguanidine-
induced colon tumorigenesis in rats,
However, the results might have been
confounded 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
(Ref. 18). Appel et al. (Ref. 18) did not
find a significant difference in azaserine
induced pancreatic neoplasms 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).

il. 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 diets 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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nd cancer risk: mammary tumors (Ref.
;11). pancreatic tumors (Ref. 17}, and skin
tumors (Ref. 23). One study (Ref. 19),
however, with similar energy provisions
showed inconsistent results'm N-
nitrosobis (2-oxopropyl) amine-induced
pancreatic ductular tumorigenesis. In
this study, high fat significantly
increased multiplicity oftarcinomas in
situ but not multiplicities of adenomas
or adenocarcinomas. In addition, from a
Murine mammary tumor virus-induced
mammary tumor study in mice, Shao et
al. (Ref. 10) reported that energy
consumption rather than fat level affects
tumorigenesis. However, this study had
severe limitations in its methodology

. and execution because of a high,

unexplained, nontumeor death rate (26 of
60 total mice) which was even higher
than the tumor death rate {19 of 60
total). )

Abundant data have shown that
energy restriction 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.

iii. Types of fat. The effects of
different types of fat (saturated fat,
monounsaturated fat, and
polyunsaturated fat) on tumorigenesis
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
assaciation 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

mammary 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 seems
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 il was
evident during the initiation as well ag
the postinitiation period.

O’Connor et al (Ref. 27) studied the
relationship of a linearly increased
omega-3:omega-6 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 ail 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 tumorigenesis 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. 38).

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
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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 studies
compare individuals who have been
exposed to a risk factor to those 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 & 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
misclassification 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 swudies {Refs. 39 and 40), 11
case-control studies (Refs. 41 through 51,
and Refs. 87 and 89), 2 surveys (Refs. 52
and 53), and 6 studies examining
prognostic indicators of breast cancer
{Refs. 53 through 58), and 1 metaanalysis
of 12 case-control studies (Ref, 73) are
included in Table 2.

The Hursting, et al. correlational
(ecologic) study (an international
correlation study combining data from
20 countries (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
of 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 (Rel. 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. 48, 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) 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, or
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 o 40 years
before might have biased the results,
because of a selective memory
difference between the cases and the
controls.

In a study of 85 Israeli women, Eid
and Berry {Ref. 52) reported that fatty
acid composition in breast tissue was
not associated with the risk of breast
cancer. In this study, the percent
composition, but not the amount of fatty
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 responsible for tumorigenesis.
Therefore, 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. On the
other hand, in a 20-year prospective
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 association have been completed.
Because 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 feagibility 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. :

il. 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 |
asgociated 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 asaociated 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 increasing
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 difference in age
and energy 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 colon 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 each study.

Ghadirian et al. case-control studies
(Ref. 83) found significant associations
of total lipid and saturated fat initake
with the risk of pancreatic cancer in a
case-control study in Monireal; .
however, cholesterol was not
significantly associated with risk. Age,
sex, energy intake, response status, and
cigarette smoking habits were adjusted
in the data analysis. 4

Baghurst, et al. (Ref. 75) in a case-
control study of pancreatic cancer found
an increased risk with increased
cholesterol 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 urothelial cancer
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in a case-control study in Sweden.
Gender, age, and smoking habits, but
1ot 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.)

Slattery, et al. (Ref. 86) in a case-
control study of prostate cancer found
no association 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 of total fat intake with the
risk of prostate cancer but not with the
risk of cervical or lung cancer. One case-
control study found a positive, energy-
independent association of total 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. Various 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. Studfes 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. 68)
was significantly associated with the
risk of cancer of the breast, colon, rectal,
lung, bladder, prostate, oral cavity, and
of lymphoma, 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. 88) but not with the risk of colon
cancer (Ref. 87). Consumption of
margarine was not associated with the
risk of colon cancer {Ref. 66).

Methodological timitations inherent in
case-control studies using food
frequency quesiionnaires may have
contributed to the difficulty of
interpreting these results. These
limitations include recall bias,
interviewer bias, inconsistency in
estimation of food consumptien, 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 éiagnosed.
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 39
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 to 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

America and possibly among men in the
United States {Ref. 3, p. 118). Health
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 of essential fatty acids.
The requirement of linoleic acid to avoid
essential fatty acid deficiency is 1 to 2
percent of total 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 fatty acid deficiencies in the
general population.

5. Conclusions

Although the results of animal studies
are not entirely consistent, taken as a
whole, the results show that high fat
diets enhance carcinogen-induced tumor
development of 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.

International correlational studies of
human populations reported that dietarv
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lipid intake, independent of energy
intake, is associated with tumorigenesis
particularly of the breast, colon, and
prostate but not with the incidence of
cervical or lung cancer. These resulls
suggest that the effect of fat intake on
cancer incidence may be site-specific.

Four cohort studies were reviewed. In
a 20-year followup study in Finland,
energy-adjusted total fat intake was not
associated with the risk of breast
cancer. In a large, 5 year followup study
in Canada, the energy-adjusted intake of
total fat was weakly but significantly
associated with the risk of breast
cancer. All three fat types (saturated,
monounsaturated, and polyunsaturated)
showed a general pattern of increasing
risk with increasing fat intake. In a large
cohort study of 88,752 nurses, Willett et
al. (Ref. 62) 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 {Ref, 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 fats and cancer is confounded
by energy intake. It also has been
demoristrated in animal and human
studies that energy intake in excess of
an essential requirement 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
on tumorigenesis is independent of the
effect of energy.

Few studies evaluated fats in the
context of overall foed 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
dietary intervention studies examining
the quantitative relationship between

reduction in fat intake and altered
cancer risk in populations. Therefore it
is not possible to conclude how much
reduction in fat intake is necessary, or
how soon in life it must commence, to
reduce the risk of cancer in the U.S.
population. Intervention studies of
cancer are difficult to perform because
the rarity of outcome for specific types
of cancer requires enormous sample
sizes. In addition, the long latency, 20 to
30 years for most types of cancer, makes
such studies difficult and costly, For this
reason, observational epidemiology
studies are generally accepted as
sufficient, 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
types 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 observe any reduction in cancer risk
in the United States.

Thus, the conclusions of the
authoritative reviews that dietary fats
have an imporiant influence on cancer
incidence and mortality, particularly at
sites such as the breast, colon, and
prostate, are supported by the results of
recent animal and ecological stuc.es.
Results of human prospective and case-
control studies are less supportive, in
part because of limitations .a the
experimental design. However, the
majority of case-control studies are
consistent with the conclusion that fat
intake is associated with the risk of
breast and colon cancer.

Although cancer at many sites was
affected by fat intake in animal studies,
epidemiclogic studies failed to show
convincing evidence for the fat and
cancer relationship at various sites.
Furthermore, an international ecologic
study found 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.

Jeas, £ nthor ontharita
From the review of cther authorita

documents and recent research reports,
the agency concludes that dietary fat
intake may affect the risk of breast,
colon, and prostate cancer. More studies
are needed to examine the relationship
between fat intakes and cancer at other
sites.

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

111 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 dietary
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 for
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 of
cancer because of the limitations of
scientific data about other types of
cancer.

IV. Description of and Rationale for
Regulations

A. Relationship Between Dietary Fais
and Cancer

Based on all of the evidence, FDA has
tentatively determined that there is
significant scientific agreement among
experts qualified by training and
experience to evaluate such claims, that
all of publicly available evidence
supports the conclusion that diets high
in fat increase the risk of cancer. and,



60774

Federal Register / Vol. 56, No. 229 | Wednesday, November 27, 1991 / Proposed Rules

i avadlay
lllUlU IlllpUl lullll

associated with the reducod risk of
cancer. FDA recites this {act in proposed
§ 101.73(b)(1) and states that the
research to date shows that it is total
fat, and not any particular type of fat
that is associated with cancer risk.

The specific health claim topic, as
described in section (3}(b)(1}(A)(vi) of
the 1990 amendments was dietary lipids
and cancer. FDA has tentatively found
that the intake 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 comprehensgive reports by the
Federal Government and the NRC which
identified 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 necessitate modification of
previous conclusions.

2
£

B. Significance of the Relationship

To reflect, in part, proposed
§ 101.14(d)(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 Requirements
1. Conformity With Proposed § 101.14

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

2. Quaiifying Nutrients: Total Fat

In proposed § 101.73(b}(3)ii}, FDA is
proposing that a health 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 risk
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 substance such as dietary fats for
which a low level of intake is needed to

nebinuyn dint s annle tha noo
atchieve aietary goais, i Dsianc

i€ 8
present in a food at a low enough evel
to justify a claim. FDA is proposing that
that level be the level that is necessary
to make a “low fat” or “no fat” claim.
As proposed in the companion
document on "Definitions of Nutrient
Content Claims for the Fat, Fatty Acid.
and Cholesterol Content of Foods,”
these levels are, for a “low fat” claim,
less than 3 g of fat per reference amount
customarily eonsumed, per labeling
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
document 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 comments on
whether a food that qualifies for a
“reduced fat” or comparative claim
should also qualify to bear this health
claim.

1. Specific Requirements

In proposed § 101.73(b)(4)(i). FDA is
proposing to require that any health
claim made relating to dietary hplds and
cancer specnflcally 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, FDA 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 health claims
acknowledge the existence of ather risk
factors for cancer in addition to the
dietary 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

Heeatal Fat 2 Thi
total fal.” This lcuuluunugy is

consistent with colloquial usage. Thus.
the claim will be clear and not
misleading to the public. It also reflects
the available evidence. In proposed

§ 101.73(b)(4)(iv), FDA provides that a
combined fat and cancer and fat and
cardiovascular claim 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 health
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)(iii) 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 eancers.

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 to permit
claims to refer to the latest U.S. Dietary
Guidelines for Americans (Ref. 6). The
agency is proposing to permit such
references to help ensure that the claim
is presented in a way that will help
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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ensure that that information is used in a
‘onsistent and nonmisleading manner.
Providing additional health claim
information, in proposed
§ 101.73({b){5)(ii), the agency is proposing
to allow manufacturers to provide more
detailed information to consumers. This
information may provide a more
accurate and complete description of the
relationships among both dietary fats
and risk of cancer and heart disease. A
statement on how to obtain this
additional information may be provided
in or near the health claim. Such
additional information, however, is not a
substitute for that required in a health
claim.

F Sample Health Claims

FDA is also providing in proposed
§ 101.73(b}(8) two sample health claims.
These model claims have been prepared
by the agency to reflect all the
requirements of proposed § 101.73. They
are only samples, however, if these
sample health claims are adopted by the
agency, manufacturers will be free to
use them. They will also be free to
devise their own message provided that
it complies with the regulation.

V. Environmental Impact

The agency has determined under 21
CFR 25.24{a}(11) that this action is of a
type that does not individually or
cumulatively have a significant effect on
the human environment. Therefore,
neither an environmental assessment
nor an environmental impact statement
is required.

V1. Effective Date

FDA is proposing to make these
regulations effective 6 months after the
publication of a final rule based on this
proposal.

VII. Comments

Interested persons may, on or before
February 25, 1992, submit to the Dockets
Management Branch {address above)
written comments regarding this
proposal. Two copies of any comments
are to be submitted, except that
individuals may submit one copy.
Comments are to be identified with the
docket number found in brackets in the
heading of this document. Received
comments may be seen in the office
above between 9 a.m. and 4 p.m.,
Monday through Friday.

VIII. Economic Impact

The food labeling reform initiative,
taken 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

Flexibility Act {Pub. L. 96-354), FDA has
developed one comprehensive
regulatory impact analysis (RIA) that
presents the costs and benelfits of all of
the food labeling provisions taken
together. The RIA is published
elsewhere in this issue of the Federal
Register. The agency requests comments
on the RIA.

IX. Appendix to the Preamble—
Consumer Summary on Dietary Lipids
and Cancer and Dietary Lipids and
Coronary Heart Disease

As described in the companion
document (published elsewhere in this
issue of the Federal Register) on general
requirements for health claims, the
agency is requesting comment on the
need for consumer health claims
summaries. The focus of the consumer
summary would be to provide factual
information to aid the consumer 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, along with the relationship
of dietary fats to coronary heart disease.
FDA solicits comment on this document
as explained in the proposal on general
health claims published elsewhere in
this issue of the Federal Register.

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

Under the provisions of the Nutrition
Labeling and Education Act of 1990,
manufacturers may put clear
information on the Iood label about the
relationship between a nutrient, such as
fat or cholesterol, and a disease or
health-related condition. To prevent
consumers from being misled, the Food
and Drug Administration (FDA) allows
only truthful label statements about diet
and health relationships that are firmly
supported by the current scientific
evidence. There is agreement that the
scientific evidence is strong enough to
allow health claims about the
association between total fat in the diet
and the risk of some types of cancer and
the association between saturated fat
and cholesterol in the diet and the risk
of coronary heart disease.

Many consumers have said that
health claims on food labels could be
useful to them in making improvements
in their diets. However, label space is
often limited. Therefore, this pamphlet
provides information about diet and
health claims that supplements what
you may see on food 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 osteoporosis and sodium
and hypertension. For information about
these other diet and health
relationships, write to: {TO BE
INSERTED}

What is Coronary Heart Disease?

Coronary heart disease is a broad
term that includes a number of diseases
for which various medical names are
used, including heart disease and
atherosclerosis. Narrowing of blood
vessels (medically called
atherosclerosis) occurs in these
diseases, which results in decreased
flow of blood to some part of the body.
The diseases include coronary heart
disease that affects the heart and its
supporting blood vessels, and other
diseases that affect the blood vessels in
other areas of the body Atherosclerosis
can result in angina pectoris, heart
attack, sudden death, stroke or other
serious problems.

Atherosclerosis occurs because of
raised fatty or fibrous deposits {plaque)
that develop in the walls of bloed
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 of
control at one site in the body, and these
abnormal cells spread to other parts of
the body.

Why Are Heart Disease and Cancer
Major Public Health Concerns?

Coronary heart disease and cancer
are public health concerns because they
are the two leading causes of death in
this country. lllness and death from
these diseases cost billions 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 deaths 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.

What Causes Cancer and Coronary
Heart Disease?

Both of these diseases are caused oy a
combination and interaction of multiple
environmental, behavioral, social, and
hereditary factors. It is clear that diet,
one of the environmental factors, play -
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an important role in the development of
these diseases.

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.
Elevated blood cholesterol, one of the
major risk factors for coronary heart
disease, is associated with excess fat,
especially saturated fat, and cholesterol
in the diet.

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 diets
are estimated to be associated with one-
third of the cases of coronary heart
disease reported in this country.

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

Cancer has many causes and severa!
stages in its development. The risk
factors for developing cancer include a
family history of a specific type of
cancer {such as breast, prostate or colon
cancer), cigarette smoking, alcohol
consumption, radiation, and dietary
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;
saturated 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 chronic diseases, it is
recommended 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 Fat,
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

from saturated fat, and 360 milligrams
(mg) 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.

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

You may or may not be able to 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 foods.

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 nutrition label.
Cholesterol is listed in mg.

“Daily values” for fat, saturated fat,
and cholesterol also appear on food
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 fatis 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 number
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 fata
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 Claims About Fat and
Cholesterol Mean?

In addition to the amount of fat and
cholesterol 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.

Nutrient 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 a
food meets several definitions
established by FDA.

Cholesterol Claims

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

A “low cholesterol” food has 20 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.

Cholesterol 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 % 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 leasta 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 atleasta1g
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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label 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 cholesterol 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 & particular
foed 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, your heredity, your
environment, and the health care that
you get. Our knowledge about most diet-
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.

Therefore, 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, 8, 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.

» * * *

{b) Cancer—(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 cells.
Cancer has many causes and stages in

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

(ii) The strongest 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 agreement 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 date, although not
conclusive, demonstrates that the total
amount of fats, rather than any specific
type of fat, is positively associated with
cancer risk. The mechanism by which
total fat affects cancer has not yet been
established.

(iii) A question that has been the
subject 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
found 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 consistent in the association
of fat intake with specific sites, the
studies relying on animal data are more
compelling. 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 normally
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 to 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 to
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)
from total fat. The scientific evidence
supports the conclusion that this
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lowered level is associated with a
potential reduction in the risk of breast,
colon and prostate cancer. Although
there is evidence that reductions in total
fat intake below the level of 30 percent
of calories from total fat may confer
even greater health benefits, the
recommended levels for total fat were
set at 30 percent of calories because
they can be achieved without drastic
changes in usual dietary patterns and
without undue risk of nutrient
deficiency.

(3) General requirements. A food label
or labeling may contain a health claim
stating that diets low in total fat may
reduce the risk of some types of cancer,
particularly colon, breast, and prastate
cancer, in the general population
provided that the following conditions
are met by the product:

{i} The food meets all general
requirements of § 101.14 for health
claims.

{ii) The food meets requirements of
§ 101.62 for a "low fat” or “fat free”
food.

(4) Health claims may be used on the
label and labeling provided such
statements comply with the following
specific requirements:

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

{ii} The claim is stated using words
such as “may" or “might" in accordance
with the strength of the evidence for the
relationship;

(iii) 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 nutrient, the
claim shall use the term *total fat",
unless the food also meets the
qualifications for a label statement on
the cardiovascular disease-fat
relationship in which case a combined
statement may be used;

(v) The claim shall not quantitate the
degree to which the risk of cancer may
be reduced by diets low in total fat
content; and

{vi) The claim shall not specily 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 as
optional information:

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

used on the label provided that they are
truthful and not misleading; and

(ii) The claim may include a reference
that would direct interested consumers
to more complete consumer information
on the relationship of low total fat diets
and cancer risk.

(6) The following sample health claims
may be used on the label or labeling of a
food to convey the relationship between
dietary lipids (i.e., total fat or fat) and
cancer; .

Sample Health Claims

Developing cancer is associated with many
factors, such as a family histary of the
disease, cigarette smoking, and what you est.
Eating a healthful, low fat diet may help
reduce the risk for some cancers, including
breast, colon, and prostate cancer.

Cancer Is associated with many dietary
and other rigk factors. A diet low in total fat
may reduce the risk of some types of cancers,
including breast, colon, and prostate cancer.

Dated: November 4, 1991,

David A. Kessler,

Conunissioner of Food and Drugs.

Louis W. Sullivan,

Secretary of Health and Human Services

Note: The following tables will not appear
in the annual Code of Federal Regulations.

BILLING CODE 4160-01-M
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Table 1
Distary Lipids and Cancer: Animal Studies 1989-April 1991
Reference objective Test animals Duration of Diet Additional Treatment Results AsSessment
{author, seudy
date)
Shao The etfects of energy Female, & 1o 5 monthe 40 weeks Ad.1ib and 40X energy restriction Nur ine manmary tTuUmor Yirus Hammary: Energy consumption,
et al., 1990 | source and energy old, C3H/Bi mice, NHigh fat: 68.2% energy lard, free (MUMTV) No sigmificant difference in incidence } not fat intake, may
(Ref. 10) restriction on tumor 15 per group carbohydrate of survival rates between high fat and { play a greater role in
development and Low fat: 4.5% energy lard, 63% Low fat groups HUMTV- indkiced manmary
survival rate energy cafbohydrate significantly increased incidence and wumorigenesis;
survival rates with energy restriction | however, the nontumor-
Combined mortatity from sll causes death rate was very
{tunor-related and nontumor-related) high {26 of 60 total)
were higher in the order of: low fat, | which greatly reduces
#d t1b » high far, ad 1ib » high fat, the significance of
restriction > low fat restriction the findings
(statistics not tested)
Welsch The effect of caloric Female, S5-day old, 16 weeks Ad 1ib. and 12% energy restriction 7.12-Dimethytbenz{s) Mommary: Whan energy intake was
et al., 1990 | consumption and fat Spargue-Dmiley rats, High corn oil: 20 weight ¥ anthracene (OMBA) Righ fat diet gignificantly t*2 timed) | sufficient, high fat
(Ref. 11) level on mammary cancer | 41 to 42 per group Ltow corn oil: 5 welight % increased the yield {mumber and corn ol significantly
weight) of mammary cafcinoms enhanced DMBA- induced
A 12% energy restricétion significantly { masmary tumorigenesis
teduced the yleld (mumber) of mammary in rats
taféinogenesis in high corn o1l group, [ Because caloric
but not in low corn oil group intakes among groups
the 12X energy restriction abolished were the same, the fat
the effect of far level effect was independent
of the energy effect
fat and energy might
have separate
functions tn mammary
tunorigenesis
L - . -
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2.2 per

3.8 100 Kilocalories (kcal)
27.5 energy X lard

0.7 g fiber

2.2 per

3.8 100 keal
40 energy X lard

0.7 g fiper

2.2 per

3.8 100 kept

data pooled)
X incidence
fat total

energyX polyps carcinoma tumor

15 &4 9 43
2.5 » 23 60
40 61 n 62
fat Muttiplicity

energy % (#/tumor-bearing rats)

Polyps Carcinoma Total Tumor

15 1.6 1.1 1.7
275 1.5 1.1 1.7
40 2.4¢ 1.5 2.6

Righ fiber significantly decreased
body weights and abolished the effects
of fat level on colon tumorigenesis
*Means significantly different from

other fat energy X within tumor type

Tabie §--continued
Reference Objective Test animals Duration of Diet Additional Treatment Results Assessment
(author, Study
date)
Sinkeldam interaction of dietary fale, 4-week-old, 37 weeks M Lib N-mathyl Colons High fat enhanced
et at., 1990 fat ¢lard) and fiber on | wistar rats, 30 per 15 energy X lard N-Nitro-N-nitrosoguanidine High fat diet signmificantly enhanced MNNG- induced colon
(Ret, 13) colon cancer group 0.7 ¢ fiber CMNNG) incidence and multiplicity (see below, | tumorigenesis in rats;

however, the response
was neither dose-
dependent nac
corsistently
significant

The results might have
been confounded by
{nadequate provision
of linoteic acid in
15% and 27.5% lerd
diet groups

Enargy intekes were
similar smong
different fat groups;
therefore, the fat
effect was independent
of energy effect

<809
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Table 1--continued

Reference
(author,
date)

Objective

Test animals

Duration of
Study

Diet

Additional Trestment

Results

Assessment

Newberne
et af., 1990
(Ref. 14)

Interaction of fat and
vitamin A in colon

tumorigenesis

Male, weanling,
Spargue-Dawley rets,
25 to 30 per group

24 weeks

5 or 24 weight X corn oil

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

Dimethylhydrazine
dihydrochloride (OMH)

Colon:

Kigh fat versus low fat: no
significant difference in the
incidence or melignancy

Vvitamin A significantly {owered the
incidence in tow fat group, but not in
high fat grouwp

Diets were not
isocaloric; food
consumption, body
weights wers not
reported

The differences in
energy intakes and
body wefght changes
might have confounded
the effects of fat
The high peroxidation
level of high corn oil
diet, which vas not
controtied to
approximate human
dietary conditions,
might aiso have
confounded the results

Birt
et al., 1989
(Ref. 17)

Yo determine the energy
effect in pancreatic

tumorigenesis

Hale, 6-week-old,
Syrian hamster, 30 per

grouwp

91 wesks

torn oil: 4.3 weight %
20.5 weight X

Tumor initiator:
K-nitrosobis-(2-oxopropyl}
amine (BOP)

Pancreatic ductutar carcinoma:
8oth incidence (X) and yield

(¥ carcinoma per effective animal}
were significantly (3 to 4 times)
enhanced in the high fat group
compared to the low fat group; no

differences in survivel rates

AB L\b oF paif teeding
Ctdrie {ntukes wire
$ifilar between
FouBdd therefore the
tat Effeet ks
indeperdent of enéfgy
#Ffect
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Table 1--continued

$8L09

determinant of
pancreatic
carcinogenesis

(chow group) per group

0.5 weight X safflower ofl
0.6 weight X linoteic acid
Low fat iwpleunud:
1.4 weight % terd
3.6 weight % corn oft
2 waight X tinoleic acid
Chow: & weight X fat

(3% tinoleic acid)

necplasn
fat level also did not significantly
affect pencreatic neoplasm

Reference Cbjective Test animsls buration of Die* Additional Treatment Results Assessment
(author, Study
date)
Appetl Whether the linoleic Male, weanling, SPF 15 month NHigh fat: 20 weight X lard Tumor inducer: azaserine Pancreatic neoplasm: The smount of dietsry
et at., 1990 | acid level or the totol | aibino Wistar rets, 40 1.2 weight X Linoleic acid Linoleic acid supplementation did not fat did not
(Ref. 18) fat tevel is the main Clard group) or 23 Low fat: 4.5 wefght X lard significantly affect pancrestic significantly atfect

azsserine- induced
pancreatic
carcinogenesis in
rats; however, levels
of linoteic acid in
the test diets might
not be adequate for
optimal tumorigenesis
The level of tinoleic
acid supplementation
uss too narroW to test
the effect of Linoleic
acid

Energy intakes were

simflar smong groups
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High beef tallow: 0.6% corn oil
and  19.9% beef tatiow
Nigh mix: 5.1% corn oil
and  15.4% beef tallow
Cas weight X)

and adenocarcinoma, but not carcinoma
in situ, was sipnificantly higher (2
times) in beef tatlow than corn oil
groups

High fat (both corn ofl and beef
taltow) significantly incressed
carcinome mattiplicity in situ
compared to low h; groups; however,
fat level did not affect adenoms or
adenocarcinome sultiplicity

)
Table 1--contirued
Reference Objective Test animals Ouration of Diet Additional Treatment Results Assessment
(author, Study
dote)
girt ' the effect of 1ype or Rale, & to B-weeks- 84 weeks atter Control: 4.3% corn oil Tumor inducer: BOP Pancreatic ductular tumor snd gall The effect of the
ot al., 1990 level of fat on old, Syrisn hamsters, S0P trestment High corn oil: 20.5% corn oil bladder and conmon duct tumor level and type of
CRef. 1) pancrestic 30 per growp Low beef tailow: 0.5% comn oil Pancreatic ductular tumor: dietary fat differed
carcinogenexis and  3.8% beef tallow Incidence and sultiplicity of adenome with esch of lesions

of 80P-induced tumors
exanined

The comparison of fat
types might have been
hampered by the fact
that high or low beef
tatlow diets did not
provide adequate
linoleic acid for
tumor deve!opment
Caloric intskes were
similar among groups
The results in
gallbladder or common
duct tumor aight have
been weakened by the

lou

[N PIVE PR
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Table 1--tontinued

to CRF-1
(4.7 keal per 9)
Rain Fatty acid composition(X}

Lontrol Righ for
oleic 22.4 32.8
linoleic 50.2 $1.9
Unolelc 4.6 1.3

versus 58X, nigh fat versus control}
and yletd (# tumor per mouse, 2.5
versus 1.2) compered to the control

group

Reterence Objective Test animals burstion of Dret Additional Treatment Results Assessment
{avthor, Study
date)
Izaids The effect of high fat Male, 6-week-old, ICR 25 weeks Control: CRf-1 diet (3.5 kesl per g) | Lung carcinogen: 4-nitro- tung: #iigh fat (or high corn
et al., 1989 on lung tumorigenesis aice, 30 per group High fat: quineline 1-oxide (NGO) Corn oit supplemented high fat diet oil) in the diet
(Ref. 2%) ' 20X Corn 011 supplemenzation significantly enhanced ircidence (80X significantly enhanced

lyng tumorigenesis in
wice; however, diet
composition, except
main fatty acid was
not reported

There are

mistakes in the
reported main fatty
scid composition snd
we do not know the
esdequacy of linoteic
acid in test diets
Furthermote,
nonisocsloric diets
used and body wefight
gains were
significantly
different between
groups which might
have confounded the

effect of fat level

98209
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Table 1--continued

£
™

Reference Objective Test animals duration of Diet Additional Treatment Results Assessment
Cauthor, Study
date)
Kat: arxt The effect of Female, aged virgin 4 weeks before High fet: 23X corn oil 13,762 rat meemary Pulmonary: High fat (or high corn
Soylan, 1989 | polyunsatursted fetty {16 to 16-month-old) and 6 weeks €4.59 kcal per g) adenocercinoma transplanted | High fat, fed either before or after oil) in the diet
(Ref. 22) acid (PUFA) level on or retired breeders after tumor Low fat: 5% corn oil subcutaneously into just the tusor jeplant, significently significantly enhance
metastasis of {10 to 12-month-old), transplant (3.68 kcal per g) posterior to the 4th nipple | enhanced pulmonery metastasis in rats pulmonary metastasis

transplanted manmary

tumor

Fischer 344 rats, 12
per group

purina chow
(8% fat)

(495 versus 135 mm’, high fat versus
low fat)

This tumorigenic effect of high fat
was sbolished by previous feeding with
chow diet; metastasis was comparable

between chow and low fat groups

implanted from the
13,762 mosmary tumor
in r2ts; however,
nonisccaloric diets
were used

Because energy intakes
and body weight
changes were not
reported, energy-
independent fat effect
is not clear in the

report
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Table 1--continued

Reference
{author,
date)

Objective

Yest snimals

Duration of
Sty

Additional Treatment

Results

Assessment

sirt
et at., 1989
{Ref. 23)

The effect of corn oil
tevel on initiation and

prosotion of skin tusor

Female, 4-week-old,
SENCAR mice, 30 to 40
per group

43 weeks

Tumor initiator: 12-0-
tetradecanoylphorbol - 13-
acetste (DMBA)

Tumor premoter: 12-0-
tetradecancylphorbol-13-
acetate (TPA)

Skin papilioma:

In¢idence was not affected by fat
fevel duting DMBA period tut promotfion
was significantly erhanced by high
corn oil compared to low corn oil
during TPA treatment period

final carcincme yietd ¢¥ per effective

animal) ses not affected by fat tavel

#igh fat (or high corn
oil) diet
significantly
accelerated OMBA- and
TPA-induced skin

tumor {genes1s 1In
SENCAR mice

The etfect was evident
auring the promstion
period, but ndt during
the {nitiation period
Setause mice consumed
sinilar energy by
training, the etfect
of fat level was
independent of the
etfect of enetgy or
body weight changes

forgeson
et »l,, 1539
(Ref. 243

The effoct of fish oil
on transplanted masmery

tumor

Fermie, heterozygous
BALB/tnu/emice, 11 to
12 per group

32 days

Dlet
Corn oitl  24.6 waight X
5.0 weight X
Corn ol 10 weight X
MaxEPA 10 weight X

Humsn memmary carcinoms
Wx-1, transplented
subcutaneously on the left
side of each nude mouse

Hammary:
Fish oil significantly depressed the
growth (mg tumor yleld) tompared to

eorn oil

Fish oil depressed
transplanted maamary
tuamorigenesis;
however, the totel fat
{evel was very low snd
the fish oil diet did
not provide adequate
tirolsefc acid for
growth of the host and

Tumor
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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 ofl 10 weight % BALB/cfc 3N mouse mammery Transplanted maamary tumor cells at The effects of n-3
Johnston, would affect BALB/C mice, 10 to 15 to and 45 days Fish oil (menhaden oil and corn tumor cell lines 410 and inguinal ares fatty scid rich fish
1990 transplanted mammary per group to 13 weeks oil) at 10 weight X 410.4 (derived from Different fat types did not oil and linseed oil on
(Ref, 25) tumor growth and after the Linseed oit 10 weight X spontaneously arising significantly affect incidence of transplented memmery
metastasis transplant Corn ofl 2% n-3 Fatty scid manmary adenocarcinoms) tumor; linseed oil, but not fish oil, tumor growth were not
53X n-6 Fatty scid transplanted subcutaneously | significantly reduced the yletld of consistent; however,
Fish oil 24X -3 Fatty scid into the inguinal ares of tumor (weight} tonplrgo‘ o corn oii fish oii and iinseed
14X n-6 Fatty acid each mouse Linseed and fish oil significantly oit might not have
Ltinseed ofl 56X n-3 Fatty Acid reduced prostaglendin-E synthesis; provided adequate

18X n-6 Fatty Acid

fish oil reduced 410.4 tumor
prostaglandin-E synthesis more than
lingeed oil, yet tumor growth was
significently inhibited only by
tingeed ofl

linoteic acid for

optimal tumor growth

.~
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Table 1--continued

Reference Objective Test animals Duration of Diet Additional Treatment Results Assessment
Cauthor, Study
date)
Adanms The effect of fish oil Female, weanling, 8 weeks before Low fat: 5% corn oil 13,762 KF mammary Transplanted mammary and lung tumor The effects of corn
et al., 1990 on metastasis of Fischer 344 rats, 15 and 3 to S High fat: 23.5X corn oil adenocarcinoma sublime 13,762 NF mammary tumor ofl tevel or fish oil
(Ref, 12) transplanted mamnary per gr weeks after 8% corn oil and 15.5%X fish oil (spontaneous model) was Levels or types of fat did not {evel on metastasis of
ard (ung tumse umoe 3% corn oil and 20.5% fish oil injectad {nts thigh: significantly affect incidence o trarsplantad mammary
transplant Fish OilzMax EPA 13,762 NAT:B ascites tumor growth or tung tumor were not

cell sublime (experimental
model) was injected into

tail vein ardd grown in lung

13,762 RAT:B lung tumor

Low fat significaritly inhibited the
growth of the metastatic foci compared
to high fat, high corn oil group
15.5% fish oil, but not 20.5% fish
ofl, significantly inhibited the
growth of metastatic fish oil
compared to high corn oil

20.5% fish ofl significantly inhibit
the growth of the metastatic foci
compared to high ¢corn oil, in one

experiment, but not in another

congistent

Diets might have
provided adequate
linoteic acid for
growth of tumor;
however, the fish ofl
{evel used were

unrealistically high
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Table 1--continued

B

Reference Objective Test animals Duration of biet Additionat Treatment Pesults Assessment
(author, Study
date)
—
Sakaguchi The effect of n-3 fatty | 6 to 8-week-old, b4 weers Control: Low fat: 4.6 weight X Human colon cancer cell Transplanted colon tumer: High level of fish oil
et al., 1990 acid on human colon BALB/c nude mice, 12 iipids (chow diet) iines, COLO-320 or HT-29 Fish oil significantly reduced (“50% in the diet
{Ref. 26) cancer cetl tines to 13 per group HWigh ssturated tatty acid (SFA); were injected reduction) volume and weight of tusor significantly

inoculated into nude

mice

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 X lipids
X of n-6 fatty acid
Controt 12.7
High SFA 4.0

High n-3 fatty acid 2.5

subcutaneously into dorsum

of the chest wall

compared to the control and high SFA
groups; there was no difference in
tumorigenesis between the control and

high SFA groups

suppressed the
development of
transplanted human
colon cancer cells in
mice; however, the
test diets used might
not have provided
esdequate linoleic acid
for growth of tumor
and the Levet of fish
ofl was
unrealistically high
isocaloric diets were
used and there was no
differences in body
weight changes among
groups
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Table 1--continued

Reference Objective Test animals Suration of Diet Additional Treatment Results Assessment
(author, Study
date)
Deschner Corbination of Max EPA fewale, S-week-old, 2 weeks before 16% corn otl and 4.4%X Nax EPA Azoxy-methanol Colon: Biphasic response has
ot al., 1990 | with various levels of CFt mice, 10-per group | and 48 weeks 10.2% corn oil and 10.2% Max EPA &.4% fish oil diet group showed been observed; 4.4%
(Ref, 153 corn oitl on colon tumor after azoxy- &.4% corn of( and 16X Max EPA significant(y higher wncidence fish oi( elevated,
methanot 20.4X corn oil compaced to 10.2X fish oil, 16X fish 10.2% fish oil
trestment 4.4% corn oil oil and 4.4% corn oil diet; there was suppressed, and 156%

4.4% corn oil was fed ad Lib; the
remsining diets were provided in
controlied amounts 8s 40 g per cage
per 2 days or 50 g per cage per 3
days to maintain body weights smd

reduce wastage

no difference in incidence among 10.2%
fish oil, 16% fisH ofl, and &.4% corn
oil groups

10.2% fish oil diet gignificantly
reduced tumorigenesis compared to §.4%
fish oil diet (incidence: 30X versus
87.5%, # tunoc per tumar bearing
muse: 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

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

not significant

fish oil agein
elevated the
tumorigenesis

Corn oil level did not
consistentlv affsce
the tumorigenesis

Antioxidants were used

2609
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Table 1--continuea
Reference Objective Test animals Duration of Diet Additional Treatment Results Assessment
(author, Study
date)
Reddy The effect of n-3 rich Male, 5-week-old, F344 | 2 weeks before Low corn oit: 5% corn ol Azoxymethane Colon: Azoxymethane- induced
et al., 1991 fish o1t and n-6 rich rats, 3% per group and 42 weeks High corn oil: 23.5% corn oil High corn oil diet, fed during the colon tuworigenesis in
(Ref. 16) corn oil fed either after the High fish oil: 18.5% menhaden oil postinitiation period but not during rats were
during the initiation treatment and 5% corn oit the initiation period, significantly significantly enhanced

or/and during the
postinitiation period

on colon carcinogenesis

increased azoxymethane-induced
tumorigenesis (incidernce and
multiplicity of colon adenoma and
adenocarcinoms) compared to low corn
ofl diet

High fish oil fed either during the
initiation or the postinitiation
period, significantly reduced
atoxymethane-induced incidence and
multipticity of colon adenoma and
sdenocarcinoms compared to high corn
ofl; there was no difference in
tumorigenesis between low corn ofl and

high fish oil diet groups

by high fat (high corn
oit) diet and
significantly
suppressed by high
fish oil diet;
however, the fish oil
level, tested, was
unreat istically high
Caloric intakes were
similar smong groups
and there was mo
difference in body
weight gains;
therefore, the effect
of corn ofl levet
(total fat) was
independent of energy
effect
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Table 1--continued

Reference Objective Test animals Duration of Diet Additional Treatment Results Assessment
(author, Study
| dare)
0'Connor The effect of n-3 fatty | Male, 14-day-otd, 4 months Corn oit varied from 0 to 20 weight X | Azaserine Pancreatic tumor: Preneoplastic lesion,
at al., 1989 acid:n-é fotty acid Wistar rats, 15 per menhaden oil varied from 20 to 0 Increased ratio of n-3:n-6 in the diet | not tumor, was tested
(Ref,. 27) ratio an the group weight X resulted in significantly decreased- Secause less than §
development of n3:n6 = 0.01 to 7:0 atypical acinar cell nodules (AACN) in | weight X corn oil
pancreatic total fat = 20 weight % the rumber and volume {more than 15 weight X
prenecplastic lesions Type HAACN X vol of menhaden oil) in the
oil per cri® pancreas diet did not affect
20X corn oil 632 6.01 the tumorigenesis, 5
- e e -1 20% menhaden . T} weight T ho6 fatty
o1l 318 2.37 acid rich corn oii emy
‘significantly different from the corn | be required for
oil grow optimel tumorigenesis
There was significant, but unstable, The results suggest
regression between increased n3:né that high n-3 fatty
ratio and decreased AACN diameter acid in the diet my
More than 15 weight X menhaden oil suppress the
(less than 5 weight X corn oil) in the | devetopment of
diet did not further suppress the AACN azaserine- induced
development preneoplastic tesion
High menhaden oil significantly of the pancreas in
decreased serus prostaglandin- rats
thromboxaneB,, prostagtandin-E, and 6- 1socaloric: diets were
Keto-prostaglandin-F,, used, and, there, uere
no differences in body
weight changes smong
groups
’ \ ¢ '

v6.09
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Table 1--continued
Reference Objective Test animals Duration of Diet Additional Yreatment Results Assessment
{author, Study
date) ———
Orengo The effect of menhaden 4 to 5 1/2 month-old, 2 weeks before Corn oil 0.75 weight X Ultraviolet radiation skin: n-3 fatty acid-rich
et al,, 1989 oil on’ 40 SKH-Hr-1 mice, 40 and 20 weeks 4 weight X 12% menhaden oil significantly fish oil in the diet
(Ref. 28) photacarcinogenesis in | per group after Menhaden oil 4 weight X prolonged latency period compared to significantly
hairtess mouse ultraviolet 12 weight X 4% merhaden oil, 4% corn ofl, or 0.75X | suppressed the
radiation totat fat corn ofl ) developmenit of

= 0.75 © 12 weight X

4% menheden ofl significantly
prolonged latency period compared to
4% corn oil, but not 0,.75X corn ofl
12% menhaden oil significantly
suppressed multiplicity compared to 4X
corn oil, but not &X merhaden oit or
0.75% corn ofl
4X menhaden oil significantly
suppressed multipticity compared to 4X
corn oil, but not 8.75X corn ofl
tatency (med. Multiplicity

tunor time, (# tumor per
week) animal at 20
week)
Corn ofl  4X 19.0* 1.43°
0.75% 21.9° 8.47*
T demoders © " -

oit & 3.2t 6.41°
2% 26.1° 0.23°

‘Ditterent letter as & superscription
shows a statistically slgnlﬁéant

difference

uttraviolet radiation-
induced skin
tumorigenesis in mice;
however, the test
diets, except 4X corn
oil, might not have
provided adequate
tinoleic ocid for
growth of tumor and
the host animal

Total fat level was
very low

Iso caloric diets used
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Tible 1--continued

Reference ghjective Test animals Buration of et Aaditional Trearment Results # sgessient
Cauthor, Study
date)
Locniskar The effect of fish ori female, weanling 4 weeks (Wi} Initiator: £kin: Fish o1l was not
et al., 1990 on skin tumorigenesis SENCAR mice, 30 per initiation #Menhaden o1l Corn o1l Coconut Oii 7.12-dwmethyl benz(s) Ne differences 1n the incidence of protective 1n the
(Ref. 29} Qroup period and 42 [} 1.5 8.5 anthracene (DMBA) pasiitlcma or carcinoma, ard in the OxBa- and TPa-induced
weeks promotion 1,7 7.5 PFromoter: muitiplicity among groups skin tunorigenes:s in
, period 4 i.5 4.5 12-0-tetradecaroyl phorbot- mice; however, test
8.5 1.5 a 13-acetate (12 dists, except 10% corn
] 10 9 oil, dight nst have
Total fat 12 weight X provided adequate
tinoleic acid for
tumof growth
The total tat tevel
was very Low
talorie 1ntake, *ocd
consumption, amd bogy
werght changes were
h simiiar among groups
Yam The effect of n-6 fatty § Male, 26 to 30-weeks- 12 to 16 days Soybean oil 4 weight X Transplant of EL&-lymphoma Trensplanted lymphoma ard thymums Test diets contarned
et al., 1970 acid:n-3 fatty acid otd, C578BL/65 mice, 30 tinseed oil 4 weight % cells (insulin producing cells unrealistically (ow
{Ref. 30) ratio en transplanted per group Fish o1l 4 weight % cells) or thymoma cells In EL4 mice, linseed oil, but not fish | tetal fat and the
tumers ¢insul in-dependent cetls) o1t, significantly suppressed the fondings cannot be
irto right flank muscle growth of tumor (weight) compared to extrapolated to normal
the soybean ofl group human physiotagy
In thymoma mice, #ish oil, but net furtnermore, lirseed
linseed o1(, significantly suppressed ot enct fish a1l aiets
the growth of tumor compared to the might not have
soykean oil group provided acequate
tinalets acid for
ror growth
y N ¢ '
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regimen on transplanted

tumor

2.6 weight X fish ofl with medium-
chain triglyceride of 40% fish oil:

60% medium-chain triglyceride

factor (TNF)

significantly inhibited tumor growth

as volume, but not as w

3 & % .
Table 1--continued
Reference Objective Test smimals Duration of Diet Addstionsl Trestment Results Assessment
(author, Study
date)
ting The effects of fish o1l | Male, Sprague-Dawley 11 days Control: Transplant of Yoshida Transplanted Sarcoma celis Fish ofl with medium-
et 8., 1991 and medium-chain rats (age not Intralipid containing 2.4 werght X | Sarcoma cells by The replacement of lLong-chain fatty chain triglyceride TPN
(Ref, 31) triglyceride in reported), 90 to Lipids subcutaneous injection acid with fish ofl of medium-chain regimen did not
parenteral nutrition 100 g, 10 per grouwp Test: Intravenous tumor necrosis triglycerides in the TPN solution provide adequate

Linoleic acid for
growth of the host

animal and tumor

sony pesododd / 1661 ‘42 Joquanop “Aepsaupdp [ 622 "ON ‘9S "[OA [ J9is18ay [elepay .

46209



Dietary Lipids and Cancer:

able 2

Human Studies 1988-&pril 1991

Reference

{authcr, davte)

Siudy Design ard

Population

Objective

Metnod of Dietay measure

Type of cancer

-
«

Resu

“Assessment

Prentice
et at., 1988

(rRef. 373

Ecologic; 21 Countries:

45 to &9 year old women

To orfer explanations for
international varyations

in breast cancer rates

food disappearance data rather than
actual food intakes are used to

estimate per capiia consumpltion

Breast cancer

Breast cancer incidence was strongly
correlated with national estimetes of per
caprts intake of dietary fat, but'not with
other calorie sources (protein and
carbchygrate)

Thers was & weah correlatlion for totat
calories (p = 0.09)

Total calories alone exolained only 14% of
the vari1ation tn breast cancer 1ncidence
compared with 58% tor fat calories sicne
uhan fat and other sources of calories sre
enterad simultaneously into regression
analysis, fat calories remainad highiy
significant (p = $.0004) with unchanged
regrossion coafficient

Nonfat calories were not significant

(p = 0.88)

Ecologics! srudies wil suffer from ecologicsl
fallacy

Comprenensive controiling ot confounding
factors is not possible

In this study, adjustment for other dietsry
factors - total calories was done by
regression

Because food disappearance dats wes used, more
affiuent countries would incorrectiy show

higher consumption, reflective of nigher weste

(52 'ON 'aG JuA [ i9isi8ay [eispey

FAL)
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Tabte 2--continued

Reference Study Design and Cbjective Method of Dietary measure Type of cancer Results 4ssessment
Cauthor, 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 disappesrance
(Ref. 38) 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 { muitiple regression analysis prostate Saturated fat (rz0.57), n-6 polyunsaturated | and may simply be a marker for affluence,

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 pelyunsaturated fat

The incidence of prostste cancer was
significantly associated with intskes of
total fat (r=0.69), satursted fat (r=0.
§5), and polyunsaturated fat r=0.46), but
not with n-3 polyunsaturated fat; n-6
polyunsaturated fat intake showed a
borderiine assaciation (r=0.46, p=0.074)
The incidence of both cervical and lung
cancer was not significantly associated
with any type of fat intake or total fat
intake

Total calerfe intake wes not associated
with cancer at any site when controlled for

total fat intake

which would affect the incidence figures for
cancers, such as improved cancer detection
#-3 polyunsaturated fat intake among the
populations was relatively small and
invarisble

Confounding:

ALl regression analyses were adjusted for age
and intakes of all other component fats as
well as for totat calories

As is the case with atl ecologic studies,
because populations, rather than individuals
are measured, sssociations may be spurious
Comprehensive controlling of confounding
factors is not possible

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

shown

i
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Table 2--continued

Reference
(suthor, date)

Study Design and
Population

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

Kneckt
et al., 1990
(Ref. 39)

Prospective; 20 year
followup; 3,988 initial
cancer-tree Finmnish
women aged 20 to 69
years

From 30 different
regions of Finland: 54
cases were fdentified

To examine the
relationship between
dietary fat and breast

cancer

Examined role of total fat,
saturated fatty acid (SFA),
monounsaturated fatty acid (MIFA),
polyunsaturated fatty acid (PUFA),
cholesterol intakes, and energy

intake through dietary history

Breast Cancer

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
(1.0-5.0)**

* = Nonsignificant

** = borderline significant

Breast cancer it inversely associated with
energy intake, but not significantly

related to fat intake

Method of dietary assessment:

Dietary history was collected 20 years prior
up to diagnosis, so recall bias is eliminated
However, changes in diet over the 20 year
followup interval were not evaluated

Dietary confounders:

Adjustment was made for total energy intake

Tonfounders:

Adjustments were made for age, body-mass
index, stature, smoking, parity, menopausal
status, and rursl versus urban geography
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Tahle 2--continued

Reference
Cauthor, date)

Study Design and
Population

Objective

Method of Dietary meesure

Type of cancer

Results

Assessment

Howe
et al., 1991
(Ref. 40)

Prospective study; §
year followup period
(1982-1987); 56,837
women, 40 to 59 years
enrolled in the
Canadian National
8reast 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 {owest quartile, there was a
significant association between increasing
fat intake and the incidence of breast
cancer

(RR for the highest quartile=1.3 : 95%
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 quartiles for
SFA and MUFA

(The mean X of calories from fat was 31X
and 47% for the lowest and highest
quartites, respectively)

Henopausal status did not affect the

results

Dietary measure:

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

Subjects had completed the dietary
questionnaire before diagnosis, eliminsting
recall biss

Confounders in diet:

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

Total calorie intake was not associated with
fncreased risk

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

degree relatives
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Reference
(author, date)

Study Design and
Poputation

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

nills
et al., 1988
(Ref. 41)

Nested case-control;
142 fatal breast cancer
and 852 age-matched
control{s among CA
Seventh-day Adventist
women from 1960 to

1980; 30 to 85 years;

-whites

To test the hypothesis
that bresst cancer
mortality is related to
the usual frequency of
use of specific foods of
snimal origin, including
meat, cheese, milk snd

eggs

A 21-item food frequency

questionnaire

Breast

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

Among women with reletively early sge st
menopause (S 48 years), a suggestive but
nonsignificant, positive associstion
between meat consumption and the risk of

breast cancer was noted

Although there was signiticant variation in

the frequency of meat ption between
cases and controls, both groups were low mest
consumers by American standards: 47% of the
total population never or only occasionally
consuned meat

Dietary measure:

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

relationship with the rick of bresst cancer
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Table 2--continued

Reference
(author date)

Study Design and
Poputation

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

Rohan
et ol., 1988
(Ref. 42)

Case-control; 431
female Australisn case-
controt pairs;

20 to 74 years old;
Cases were with first
diagnosis with breast
cancer 1982 to 1984
Controls were without a
history of breast
cencer; randomty
selected from the
etectoral roll; age
matched with the case
113 premenopausal pairs
and 262 postmenopausal
pairs

The remainders were
either premencpsusal or
discordant on

menopausal status

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

vitamin A

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

diagnosis of breast cancer

Breast

No significant association between dietary
intake of fat, energy, protein, or

carbohydrate and breast cancer risk

Oietary measure:

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

The range of total fat intske among the total
population was 35X versus 46% in the lowest
versus highest quintila of fat intake
Dietary fat intske in this population mey not
be sufficiently heterogeneous to detect
variation in disease risk

Dietary confounders:

The difference in fat intakes between the
cases and the controls sas not reported
Energy ir cake was not adjusted in the risk
analysis for lipid intake
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Table 2--continued

Reference Study Design and Objective Method of Dietary measure Type of cancer Results Assessment
(suthor, date) Population
Gerber Cage-control: Hospital- | To address the question Nutritionsl data from a Breast Pre { and po. groups Major confounding factor:
et al., 1989 besed population of of the specific role of questionnaire on the dietary considered separately The association between calcium and ‘ecressed
(Ref, 43) French women 25 to 65 fatty scids in relation history: ueekly or monthly Intakes of total lipids, SFA, MUFA, PUFA, peroxidation can be fortuitous or reflact the

years; Cases:

120 with a first
diagnosis of breast
cancer

Controls:

109 with admisaion for
neurologic syndromes of
other than
cardiovascular or
tumoral origin, or for
tumbalgias or disc
pathologies

to breast cancer

frequency of consumption for 55 key
food items in lipid and vitamin

consumption

and olive 0il were greater in cases than in
controls

(borderline-gignificance: p=0.07)

Intakes of sunflower oil was greater in
cases

fatty acid serum distribution is camerable
in both seples, except nnchiéonic acid,
which is significantly lower in
premencpausal patients than in
premencpausal controls

Plasma Lipid peroxidation is significantly

lower in patients than controls

decreased rate of lipid peroxidation
sssociation. «iih ~ increased rate of cell
division

The authors admit that the fat intake result

is controversial and have undertaken a larger

£
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Table

2--continued

Reterence
{author, date)

Study Design and
Population

Opjective

Hethod of Dietary measure

Type of cancer

Results

Asgessment

Tomolo
et al., 1989
(Ref. 46)

Case-control:

Cases: 250 women with
breast cancer, but no
metastases;

Controls: 499 women
from a randomized,
stratified sample of
the genersl population
Alt < 75 year old snd
from t‘he Vercelli

province in Italy

To tnvestigate the role

of diet in breast cancer

An interviewer-administered dietery

history questionnaire

Sreast

Cases consumed wore caloriew(2;419-vs- - - --

2,296 kcal per dey) and total fat (96.4 vs
88.2 g per day) compared to the controt
Age and calorie-sdjusted relative risk
showed & significant association for 5FA
intake (ps0.001) snd totsl fat intske
(p=0.056)

The intake of dafry products uss
significantly sssocieted with the risk of
breast cancer

Neither meat consumption nor poultry
consumption significantly increased the
risk

-Meli-done study;

Dietary assessment:

Questionnaire had been tested previously,
validated, and used in & study with, which
produced comparable results

variotion of fat inteke in diet fs 26% to ¢6%
in this study, as opmosed to only X2 ¢o L4Y in
Willet's

Confounding for nondietary risk factors:
Adjusted for sge at mensrche, age st
menopsuse, sge st first birth, height, weight,
Quetelet index (weight divided by height
squered), sociceconomic status, snd martisl

status

Ewertz and
Gitt

et al., 1990
(Ref. 47}

Case-centrol: 1,486,
bresst cancer cases
disgnosed over a {1 yeer
period in Dermark;

<70 year

1,336 age-stratified
rardom sarple from the
general population as

the control

To etucidate the
influence of dietary
fectors and hormones on

breast-cancer risk

Self-adwinistered questionnaire,
given 1 yesr after the disgnosis:
the semi-quentitative food-~
frequency questionnaire collected
food intake dats for the year prior
to diagnosis for 21 food items

Sreast

Totsl fatty acid inteke was significently
and linearly sssocisted with breast cancer
r.hk (RR for the highest quartites.s5;
p<0.001 for the test of a trend)

Dietary messure:

The 21 food item included in the questionnaire
covers sbout 80X of fat consumption

The questionnaire was designed with two global
questions to monitor the frequency of
consumption of meat and vegetables

The sum of the frequencies of consunption was-
compared with the global frequency and weighls
were-gssigned to adjust overestimations
Confounders:

Effect of energy intake was not controtlied

’
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Table 2--centinued

. Rgferem;e . Stu:ty Dgsxgn and Objective Hethod of Dietary measure Type of cancer Results Agsessment
{autho date) Popuiation
Mettlin Case-control To test the hypothesized Dtetary questionnaire for milk- oral, stomach, Controls were more (tkely to never drink This study is of Little value because 1t does
et al., 1990 Cases: positive assocration drinking habits colon, rectum, whole milk than cases, after adjusting for net address the correlation of milk intake
(Ref. 48) 3 334 men and women between fat and cancer, lung, 8reast, sex, age, siwking, education and county of with dietary fat intake
{5¢ of each): ages 19 snd hypothesized inverce uterus, residence Many other factors which may be assaciated
to 9/ vears association between cervix, Findings were sfgnificant only vhen with milk drinking habits were rot controlled
Controls: cancer and vitamin A, B, prostate, comparing whole milk to no milk (reference Biases inherent in hosprtal based sample
1,300 mer and women, riboflavin, and calcium bladder group) and for the oral cavity, stomach,
hospital -based colon, rectum, lung, bladder, prostate and
brezst
Boyd Randomized clinical To determine (1) if tong- | Dietary edvice: Breast cancer (1) Combined control and intervention This stiddy is {mportant as an precursor for
wt al., 1988 trial; 295 women with 2 | term compliance with a Control group to maintain heslthy groups experience higher cancer than future intervention trials; it tetis us that
(Ref. 56) 50% of the breast low fzt diet can be diet without changing dietary fat expected in the generat population

volume occupied by
mammographic dysplasia;
¢ 30 year (mean age
44), (147 control erd
48 intervention):

5% of the control group
and 20X of the
tréatment group lost
during followup; 76% of
subjects premenopausal

achieved and (2) if
mamnographic dysplasia
increases one's risk of

Teast cancer

intake

intervention group to recuce fat
intake to 15% of the calories

A 3-day food record and a 1-day

dietary recatl

(2) Dietary compliance wes mainteined over

the 1-yesr intervention period

cempliance is possible for at lesst 1 year,
and {t supports the hypothesis that
menmographic dysplasis is s high risk factor
in breast cancer development

However, the time fs too short snd the numbers
too small to draw ary corclusions about

diztary fat and the incidence of breast cancer
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Table 2--continued

Reference
(author, date)

Study Design and
Population

Objective

Method of Dietsry measure

Type of cancer

Results

Assessment

Verreault
et al., 1988
(Ref. 55)

Survey of 666 women
with a newly disgnosed
infiltrating breast
carcinoms 1982 to 1984;
Quebec City srea,
Canada

To study the passible
affect of diet on the
progression of breest
cancer, once it has

occurred

An interviewer sdministered food

frequency questionnaire covering
114 food items for the yeer
preceding diagnosis

8reast

After the adjustment for energy intake,
total fatty scid intake showed no
sssociation with the frequency of nodal
development after diegnosis

After adjusting for energy intake, age,
body weight, and tumor size, the intake of
SFA was not significantiy essociated witn
the frequency of axillary node development
ot diagnosis among post-menopsusal patients

"PUFA inteske was negatively ond

significantly associated with nodal
devel opment

Dietary messures:

The type of PUFA is not identified

The study sssessed s growth of nodes (proxy
for progression of the disease), but not

directly the risk of cancer

et sl., 1989
(Ref. 56)

Case-control; 30 women
with extefidive
macmographic dysplasia
{z 75% of the breast
involved) and 16 womer
without dysplasia (<
25% dysplasis); 30 to
50 years; Breast center
at Helleq:s Coll_gg‘ .
Hospital and National
Breast Screening Center
at the Ht, Sinaf

Hospitat

To determine biochemical
associations with

masmographic dysplasia

A T-day recel! plus a &-day food

record

Breast

Ho significant difference in consumption of
total fat, different types of fat,
cholesterol, totsi calories, carbohydrate,
or protein for those with snd without
dysplasia

Dietary concearns:

There may be an insufticient difference in
nutrient intake between the two groups to
detect an effect

Confounders:

Because the study's objective uas to determine
plasma Lipid levels, dietary fat was examined
as a confounder for Lipid plasma levels - the
study did not examine for confounders of

dietary fet intake
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Table 2--continued

Reference
{author, date)

Study Cesign and
Population

Objective

Method of Dietary measure

Type of cancer

Resuits

Assessment

€1d and Berry
et al,, 1983

(Retf. 523

Case-controt; 85
Israeli women {(ages not
given) who were
undergoing biopsiss for
breast masses

37 had carcinoma,

27 had fibroadenoma,

21 had other types of

mosses

To study the effects of
the quality of fat (i.e.,
satufated versus
polyunsaturated) ana

carcinogenesis

Diztary measures not necessary;
fatty acid composition meas.ured
directly through biopsy

Breast tissue from each individusl
was analyzed for fatty acid
composition (16 also had sdipose
tissue biopsied from buttocks to
compare breast tissue fat as &n
indicator for overall subcutaneous

body fat: 98% correlaticn)

Bresst

The quality cf dietary fat doss not appear
to be associated with the development of
neoplasia of the breast:

Fiber-

sdenoma Gther
PUFA:SFA

Cancer

Ratio 0.99 6.98 1.03
The PUFA:SFA ratio was no different between
the group with cancer, fibroadencma, or

other tumors

Age is a possible confourder

However, an enalysis of 400 biopsies revealed
insignificant correlation between age and
polyunsaturated to sstursted ratio

All subjects ore patients with breast lesions
Data wes reported only as a ratio for tissue
fatly acids; the sctual esmount is important as

well

Brissen
et al., 1989
(Ref. 57)

Case-control; 290 newly
diagnosed breast cancer
patients and 645 women
who participsted in the
Canadian Nationat
Sreast Screening Study
as the control; 40 to

42 year; in Quebec

To evaluate the
association of the
morphology of breast
Tigssue seen on mammograms
wizh breast cancer risk
and to assess the
relation of diet,
especially intake of fat
and vitsmin A, to the
high-risk mammographic

{mages

An interviewer-administered food
frequency questionnaire of intaks
of 114 food items during the

previous year

8reast Cancer

Among controls, energy adjusted intakes of
saturated fat, but not polyunsaturated fat
or cholestercl was significantly associated
with an increzse in extent of high-risk
mammographic features

The risk of breast cancer incidence
increases regularly with the extent of
modular and homogeneous densities on the

nismmogram

pietary messure:

bias

acceptabte; suffers recall
Confourding: edjusted for age, weight,
pority, and education

Fiber intake uss measured and considered

seperstely in enalysis
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Tabie 2--continued

Reference
tauther, date)

Study Design and
Pepulation

Dbjective

Method of Dietarv measure

Type of cancer

Results

Assessment

Pryor
et al., 1589

{(Ref. 45)

Case-Control; wite
females Detween the
ages of 20 ard 54; 172
cases are women who
were diagnosed w'th
histotogicatly
confirmed first primary
breast cancer

190 matched controis

To assess how intake of
dietary fat and fiber
during adolescent years
is reisted to the
incidence of breast

cancer

Used National Cencer Institute food
(requency Q\RS'JOMIH‘! 1o assess

past intake during adolescent years

8reast Cancer

Stratified on groups

High fat intare consistently iowered the
odds ratio (OR) below 1.0 in premenopeusal
women, but not significantly

(OR = 0.7, confidence intervat (Ci) = 0.2-
2.1 for highest versus lowest quartile)
The relationship wes inconsistent and not
sigmficant 1n postmenopausal women (Of =
0.7. CI = 0.2-2.7 for highest versus lowest
quartile)

The relation of breast cancer to dietary

intake during adolescence is not clear

from other sources

D:etary measure: Very long recatl period,

Done for age, educstion, age st first
pregnancy through multiple logistiz regression
£iber intake adjusted ir analysis

Fat from dairy prockicts considered separately
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Table

2--continued

Reference

Study Design and

Objective

Method of Dietary measurs

Type of cancer

Results

Assessment

(author, date) Population

Holm Case-control; To examine the A dietary history interview within Breast cancer Patients with tumors 2 20 millimeter (mm) Poor study due to lead-time bias: Timing not
et al., 1989 240 women 50 to 65 relationship between 4 months after resection of the in diameter had significently higher mean corrected for the women who have surgery
(Ref. 53) years who had surgery dietary habits and primery tumor for prediagnostic percent energy from totsl fat and

for breast cancer
(1983-1986); mainly
post- menopausal

prognostic factors for

breast cancer

food consumption

monounsaturated fat, and significantly

lower mean energy from carbohydrates

compared to patients with tumors < 20 mm;

there was no significant difference in the

total energy intake
m Tumor size < 20 > 20 p
Total energy,
energy X 35.3 38.1 0.02

Monounsaturated fetty acid energy X

12.4 13.2 0.003
Carbohydrate energy %

45,3 44.6 0.06
Total energy in mitlijoules

8.2 7.8 Nomsfgnificent

earlier {more routine care, self-exsm, better
diets, etc.)
Adjustment wes made for fiber, csrbohydrates,

gnd total energy

01809
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Table 2--continued
fReference Study Design snd Objective rethoo of Dietary messure Type of cancer Resuits Assessment
{author, dste} Poputation
iscovich Case-controt; 150 women { Ta uncover associations An nterviewer-administersd Bresst cancer intake of energy total fat, protewn, and Confounders:
et at., 1989 with bresst cancer, between diet ond breast semiquantitative faod frequancy carbohydrates were si1gnificantly essociated | Adjustmen: for eduCst.on, nge, &92 ot first
{Ref, 44} diagnosed 1984 to 1985, § cancer questionnaire on 147 food 1tems with the risk of breast cance: pregnancy, and sarity
U to 75 year during tha 5 year period up to & Intakes of processed meat, fried mest, Adjustment for tots! calorie irteke was not
mean 56 year; controis: months prior to interview enimal fo:r, egygs, grains, and pulses wers dsne
for each case, one significently associated with the risk of Ho significant difference waa found between
hocpital o breast cancer the effects of fat, protain, and csrbohydratas
matched by age and Intakes of fruit ana vegetables were
hospital, snd one negatively associated
neighborhood controt, intakes of red meatr, poultry, and vegetabie
matched by residentiat oil were not sigmificantly associated
area and aga
Boyd and Case-control; 30 women To determine if mutagenic | & day food record

HeGuire 1990
(Ref, 58)

with extensive
mammographic densities
(2 75X dysplasia} ard
16 controls without
radiological changes
(<25% dyspiasia); 30 to
50 years

products generated by
{ipid peroxidation may
influence breast cancer

rate

Breast cencer

The group With extensive mammographic
dysplasia excreted twice the amount of
melonaldehyde int the urine compared to the
control group (p<G.02)

Tha quentity of mulonaldehyde n the urine
is an indicator of lipid peroxidation in
diet or tissue

No difference in nutrient intakes including

“total fat between tha two grouwps

Becsuse the main objective of this study was
to examine malcnaldehyde, fat was just ocne of
the setected verinbles considered for
confounding

Confourding for fet was rot considered here
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Table 2--continued

Retference

Study Design snd Cojective Method of Dietary messure Type of cencer Results Assessment
(author, date) Population
Simerd Case-control: To compare fibrocystic A semiquantitative food-frequency Bres.t The breast cancer patients consumed Dietery Assessments
et al., 1990 68 women with breast patients with age-matched | questionnsire for the breast cancer significently more poultry, fish, pastry, The method for collecting food consumption was
(Ref. 49) cancer age-matched controls selected within patients end margarine; ond, tess milk and butter different between the control and the cases
ond 343 women as the the same cohort A 24 hour dietary recalt for the The risk was sssessed with current food
control; 40 to 49 year; | population of women control subjects Miu\ while it wes noted that 16X of
in Montreal attending the Canadfan cancer patisnts had been on a reducing diet
Hationat Breast Screening
Study (NBSS)
vsint Veer Case-control: 133 newly | To design and carry out & | A 236 food item giet history Breast Age-#djusted distary fat intake {n bresst Diatary Measurss
et al., 1990 diagnosed breast cancer | study which examines the interview was conducted to cover cancer cases was significently higher than Reproducibility of the questionnsire wes
{Ref. S50) cases; 25 to &4 year role of dietary fot in the dietary pattern in the 12-month

(98X premenopaussl) or
55 to 64 yesr (97X
postmenopausal); 289
age-stratified healthy
controls from genaral

popuistion; Netherlands

breast cancer, but
overcomes problams of
rany other studies;
specificatly,
methodological problems
in dietary sssessment and
confourdling by energy
inteke is corrected
through the use of a
standardized and
reproducible d|etn¥y
history technique

period prior to disgnoses or the
interviou date

that in healthy controls (120 vs 92 g)
The sge-adjusted OR showed o significant
positive trend with increasing fat intake
The sultivariste adjusted OR wes 3.5 for
subjects in the highest quintile of fat
intake compared to those in the lowest
quintile

The OR, adjusted for energy intske snd age,
was 1.54 per 24 g fat or 10X fat energy
Inteke of each type of fat (SFA, MUFA,
PUFA) was positively associated with the

risk o3 vell

verified by a repeated measurement one year
after in 39 control subjects

Confounding by Sondietary factors:
Adjustment was mede for famitial history,
history of benign breast disesse, education,
enployment, age st merarche, age st first
full~ters pregnancy, parity usage of cral
contraceptives, smoking, body mass index, and
alcohol intake
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Table 2--continued

Co

7

Reference
(author, date)

Study Design and
Poputation

Objective

Kethod of Dietary measure

Type of cancer

Results

Assessment

van't Veer
et al., 1991
{Ref. 51)

Case-control: Newly
diagnosed 133 women
breast cancer cases and
289 population controtls
in the Netherlands; 25

to &4 and 55 to 64 year

Ta examine severat
combinations of dietary
factors - total fat,
fermented milk products
and fiber or breast
cancer occurrence because
these dietary factors sre
hypothesized to alter
estrogen metabolism by

the intestinal microflora

A 236 food 1tem, interviewer-
administered diet history
questionnaire;

Dietary pattern 1n the 12-month

period prior diagnosis

Breast

Dietary fat intake was positively
associsted with the risk of breast cancer
after adjustment for age (OR=0.57; Cl=0.34-
0.90)

When totat fat is included as a main
effect, fiber, fermented milk and total fat
produce an i1nteractive eftect which is
positively associated with the risk

{0R=0.33; 0.15-0.73)

Dietary method:

Most cases were interviewed within & months
sfter disgrosis

Energy intake wes not adjusted

sondietary confounders considered:

Age, alcohol intake, history of benign breast
dgisease, familial history, smoking,
educational level, oral contraceptive use, age
at menarche, perity, body mass index and

geographical area
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Table 2--contfnued

Referernce
(author, date)

Study Design and
Population

Objective

Method of Dietarv measure

Type of cancer

Results

Asgessment

Witlett
et al., 1990
(Ref. 62)

Prospective; 88,751
registered nurses; 34
to 59 year; no history
of cancer, inflammatory
bowel disease, or
familial polyposis; 150
colon cancer cases were

documented during the

This is part of the
Nurses® Health Study
Cohort

Its objective is to
determine risk factors
for cancer and coronary

heart disease

A 61 food-item, interviewer-
administered, semi-quantitative
food frequency questionnaire
focusing on fat and fiber foods was
used

The dietary interview was done in
1980

Colon

Total enmergy intske or body-mass index was
not associated with the incidence of colon
cancer

Age and energy-adjusted intakes of total
fat, animal fat, SFA, and MUFA were
significently sssociated with the incidence
of colon cancer; intakes of vegetable fat,

linoleic scid, snd cholesterol were not

13 [
Totat fat 2.0 1.1-3.6
Animal fat 1.9 1.1-3.2
SFA 1.4 0.8-23
MUFA 1.7 1.0-2.9

Strongest associations with beef, pork, or
lamb eoten as a main dish; daily esters had
2 1/2 times the risk of those less than 7
once a month eaters (P for trend = 0.01)
Consumption of whole milk, cheese, and ice
cream was not significently relsted to the

risk

Dietary assessment:
The dietary method was validated by comparing
its results with resuits of one-week weighed

food record method in e random cohort

since the interview was done in 1980, prior to

disense development, there s no recail biss
Controlling dietary factors:

Controlling for physical activity did not
alter the assotiation of the intake of animal
fat or meat with the risk

Enefgy adjustment was done

<)
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Table 2--continued

Reference
(suthor, date)

Study Design and
Population

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

La Vecchia
et al,, 1988
(Ref, 66)

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 sge = 58
yesrs

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

digestive disorders

To examine the

retationship between diet

and colorectal cancer in
a population in which
there is good
heterogeneity in dietary

consumption

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

prior to disgnosis

Colon and

rectal

Age and sex adjusted consumptions of beef
or veal and pasta or rice were
significantly sssocisted with the risk of
colon and rectal cancer

Age and sex adjusted consumption of butter
ard olive oil, but not mergarine, was
significantly associsted with the risk of

colon carcer but POt the risk of rectal

Dietary method:

Energy consumption wes not adjusted in the
dats analysis

Frequencies, but not quantities of food
consumption were anslyzed

Confoundirg of rondietary fsctors:
Adjustment was made through multiple logistic
regression for age, sex, socisl class, and

area of residence

Neoptolemos
et al., 1988
(Ref. 59)

Case-control: Cases:
30 men and 19 women,
between the ages of &9
and 92, with colorectal
cancer

Controls matched for

age and sex

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

controls

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

surgery

Colorectal

Marginally increased levels of stearic acid
(p<0.06) and oleic acid (p<0.08) 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

metgbol ism 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
(author, date)

Study Design and
Population

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

West
et al., 1989
(Ref. 61)

Case-contret: 231
colon cancer patients
ard 391 population
controls

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

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

and the disease

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

foods eaten by Utsh residents

Colon

Both in females and 1n males, total fat
intake was significantly associated uigh
the risk

(OR=1.9 1n females and 2.0 in mates. in the
highest quartiie)

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

with the risk

Dietary 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 32¢)

Dietary confounders:

Adjustment of dats by multiple logistic
regression for fiber and body mass index;
energy intake was not controlled in the data

analysis

Benito
et al., 1990
(Ref. 67)

Case-control: 286
colorectal cancer
cases, 295 population
controls, end 203
hospitsl controls;
Majorcan residence;
mean age and was 64

year both sexes

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

rectum cancer

A 99 food item interviewer-
adninistered food frequency
questionnaire for aversge

consumption for the previous year

Colorectal

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

Corsumptfon of dairy products significantly
fncreased the risk of rectal cancer but not
the risk of colon cancer

Consumption of oil was not associated with

the risk of colon or rectal-cancer

Dietary survey:

The average interval between diagnosis and
interview 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 snalysis

91809
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Tabte 2--continued

Reference
(author, date)

Study Design and
Poputation

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

Ghadirian
et at., 1991

(Ref. 63)

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

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

controls

This study was a subset
of the SEARCH
coltaborative Study Group
for the case-control
study of cancers of the
pancreas, bile ducts and
gatlhladder of the
International Agency for

Research on Cancer

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

Pancreatic

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

cancer

Dietary intake measurement:

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

Adjustments made for age, sex, energy intake,

response status, and cigarette consumption

Goodman
et al., 1988
(Ref. 64)

Case-control: 226 men
and 100 women with lung
cancer; S97 men and 268
women popuiation-based
controls, sex and age
matched to the cases;
five ethnic groups in

Kawaii; 30 to 84 years

The specitic objective of
this study was to test
the effects of dietary
tat and cholesterol on

lung cancer

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

cholesterol and fat

Lung

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

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

four ethnic groups analyzed separately

Dietary measurement:

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

Among controls, 6X of men and 7X of women were
interviewed by proxy

Dietary confounders:

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

Adjustments for age, ethnicity and cigarette

smoking
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Table 2--continued

Reference
(author, date)

Study Design and
Population

Objective

Method of Dietary measure

Type of canter

Results

Assescment

Franceschi Case-control: 208 The role of various food frequency questionnaire Lymphoma: The consumption of butter and oil was Dietary survey:
et al., 1989 nonHodgkins {ymphoma Llifestyle factors, including 14 food items or groups NonNodgkins positively related with NonKodgkin's The questionnaire method was verified by »
(Ref. 68) cases and 401 control including dietary habits, | of foods and 7 beverages lymphoma is & lymphoma risk repeated telephone survey on a subpopulation
subjects who were in was investigated in the heter The jon of milk also was positively | Selection of controls:
the hospital for acute, | etiology of nonHodgkins group of retated with the risk The controls were aiso hospitalized pstients
nonimaunologic or Lymphoma disorders The consumption of meat or fish was not Confounders:
neoplastic conditions; resulting from related with the risk The dats was presented after adjustment for
men and women; 18 to B0 malignant age and sex, but not for totsl fat or energy
year; northeastern part transformation intakes
of Italy of lymphoid
cells
Steineck Case-control: 323 Yo investigate the A S6 food item food frequency Urothet fal A dose-response relationship was seen with Dletary measure:
et at., 1990 urothelisl cancer cases | association between questionnaire; recall dietary an incressing intske of fat (RR=1.7 in the tong recall period, fnedecuecy of the
(Ref, 65) in Stockholm, Sweden urothel fal cancer and hebits 3 years prior to interview

during 1985 to 1987 and
392 population-based

econtrols selected by

dietary factors, with
specisl reference to

vitamin suppiements,

highest quintile) snd the risk

Adjustmnt for fried foods, In sddition to
pender, ape, and smoking decressed the
relative risk (RR=1.3 {n the highest

questiomaire to snalyze fat intake
Dietsry confounderss

fatlure to adjust erirgy intskes
Other confounders:

gerder and age dietary vitamins, and quintite) Adjustment made for gunder, sge snd smoking
stratified random fried foods Ho association was noted for meit other
sampling than fried meat

\J L] 3 3

BL8s*
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Tabte 2--continued

e

Reference
(author, date)}

Study Design and
Population

Objective

Hethod of Dictary measure

Type of cancer

Results

Assessment

franceschy Case-control: 302 orat To examine the A 40 food item food frequency Oral cavity, intakes of beef, poultry, fish were not Control group selection:
et al., 1791 cavity and pharynx relationship between questionnaire pharynx associated with the risk The controls were hospitalized patients
{Ref, 693 cnnc}r cases ard 699 dietary indicators and Kethod of Dietary measure:
controls admitted to the risk of cancer of the food items questioned were limited and hardiy
hospital for acute, oral cavity and pharyrx ailowed any inference concerning total sacro-
nonneoplastic, and non- and micro-nutrient (ntake
digestive disorders; in Dietary confounders:
Pardonone province, Totat caloric intake was not
northeast 1taly adjusted for deta anatysis
Other confounders:
Adjustment made for age and sex, occupation,
smoking, drinking
Howe, 1990 Meto-Analysis of 12 To evaluate the varied breast Consistent, statistically significantly Not controlied for: Total Caloric intake.
(Ref. 733 Cuse Control Studies consistercy of 12 studies positive sssociation betueens brasst cancer Problem of wmuitigle comparisons
of diet and breast cancer risk and saturated fat inteke in post .
menopausal women (RR = 1.5 p < ,0001)
Buiatti 1990 case-control study in To evaluate dietary Oietary questiomaire: frequency stomach Decreased cancer risk with increased Didn't sdjust for totel celories
(Ref. 743 ttaly: 1016 cases 1159 factors and their of intake and portion size in 12 vegetable fat (statistically significant)
popuiation-based contribution to gastric month period 2 years before No associstion with animal fat
controls cancer mortality interview (146 focd ftems)
Baghurst, Case-control 104 cases, | Assess raistionship of Quantitative food frequency pancreas Increased risk with increased cholesterol Controt (ed for total erergy
1991 253 population-based diet to pancreatic cancer j questionnaire 179 food items (usual intake (significant); increased risk mth Difficult te
(Ref. 75) controls intake) decreased PUFAS (significant) interpret results

Others not significant when controiled for

total energy
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Table 2--continuea

Reference
(author, date)

$Study Design and
Population

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

Demirer, 1990 Case-control Assesses role of diet in Dietary questionnaire assessed for stomach Increased risk with decreased mest Poorly controlled study
(Raf, 76) (Turkey) stomach cancer past 15 years consumption (statistically significant) Fat consuption is not measured directiy
100 cases - :
100 control population- .
based and hospitsl
(39+61)
de Verdieu, Case-control (Sweden) Assess association Quantitative food frequency colorectal The fotlowing are significant for trends Adjusted for fiber intake only, not total
1990 720 cases (268 rectal, between colorectal cancer | questionnaire (55 food items) for anly, not for individust levels: eneray.
(Ref. T 452 colon) and intake of total previcus S years Increased risk with increased energy Nigh non response rate among cases (21X)
624 controls population | energy, protein, fat, Increased risk with increased total fat .
based fiber and body mass Cfor both colon and rectal cancers)
Also increased risk with increased
saturated fat
increased risk with increased
monounsaturated fat
incressed risk with increased PUFAS rectum
only
Farrow and Case-control (148 Assess relationship Telephone interview and self pancreatic Increased risk with incressed protein only Wives used as surrogstes when necessary for
Davis, 1990 male cases, 188 between diet and sdministered food frequency (statistically significant); no risk cases and for contrels
(Ref. 78) popul at fon-based pancreatic cesncer questionnaire (135 food items associated with total fat, saturated fat, Controlled for total caloric intske
controls) assessed 3 yesrs prior to disgnosis cholesterol, or omega-3 fatty acids Adjusted for major risk factors of pancreatic
cancer such as smoking
Study is well done
,‘)‘r
. 4
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Tabte 2--continued

Reference
(author, date)

Stuay Design and
Popuiation

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

Jain, 1992 Case control B39 cases Dietary factors and tung In-person 1nterview diet consisted fung Borderiine ircreased risk with highast Cietary questionnaire focused on ususl intake,
(Toronto)} 772 controls (pop- cancer risk of 81 food 1tems {usual i1ntake) chotestercl consumption tevel which could bz influenced by disease, rather
(Ref. 793 based) Ho assocration with fats than 2-3 years previousiy
fontroiled for smoking tut not total energy
Xate, 1990 Case-control 427 cases Assess stomach cancer Dietary questionnaire self stomach Ho association with meat consumption or o adjustment for cenfownding factors
{Japan) 3014 controtstall risk factors for purposes | admnistered; limited nurber of "Western-style breakfast (actual fat intake | Tsmoking, total energy)
(Ref. BO) underwent Qastroscopic of prevention food 1tems-usual i1ntake not measured) Fat consurption pot ascessed directiy
examination) {ontrols underwent gastroscopic exam s¢
potentrally could be diszased (1.e.,
; ' misclassification bias)_ L
iLa Vecchia, Case-control (110 women { Leryngeai cancer risk and | In person questionnaire 10 Llaryngeal Ho relationship with indicators of dhetery Controtled ‘or smoking end some other
1990 (Italy) cases and B43 hospital dietary fsctors irdicator foods assessed prior to fat confounders but not total energy
(Ref. 81) controls for acute onset of symptoms Limited dietary assessment
conditions non-
neoplastic, non-
respiratory
La Vecchia Case-control 247 cases Diet and pancreatic In-persan questiomnaire on 14 pancreas Ho relationship with indicators of dietary Controiled for smoking and soeme other
{1990) 3089 controls cancer indicator foods assessed at teast 1 fat confoundzrs but not tota energy
(Ref., 82) hospitatized for scute

nonneoplastic or

digestive conditions

year prior to onset of symptoms

timited dietary assessment

sapny pasodorg / 1661 '£Z 13QWIAON "ARPS3UPAAY [ 627 "ON '9S T[OA / 19ysiay (vaspag

12809




Table 2--continued

Reference
(author, date)

Study Design and
Population

Objective

Method of Dietary measure

Type of cancer

Resutts

Assessment

Maclure, 1990
(Ref, 83)

Case-controt 410 cases
605 controls

(population based)

Assess dietary factors n
risk of renal adeno-

carcincma

Questionnaire in person at home on
average food consumption in early

1970's

Renal

Animal fat and saturated fat weskly
sssociated with risk, with and without
adjustment for energy

Total energy not associated

1

Recall bias
_ 20-year period for recall

Vell controlled

Low participation rate (69X for cases and 59X

for controls)

Hettlin, 1990

Case-control (303 cases
and 606 controls
hospitatized for non-

malignant diseases

Assess ovarian cancer
risk in feietionship io

milk drinking (lactose)

Self-administered questionnaire
55 toud

with &6 foud items assessed pr

to onset of symptoms

ovarian

Total milk consumption not sssociated u(th'.

Orinking whole milk regulariy sssociated
with incressed risk compared with drinkers
of skim and 2X

Con not use results of this study to assess
ot ¢st consumption

Authors assume that whole milk is & major
source of dietary fat among adults (but didn't
assess cooking mitk, ete)

Stemmermann,
1990
(Ref, 85)

Prospective 8006 Hawaii
Japanese men ages 46-68
at the beginmning of the

study 22 years duratien

To assess the impact of
fat and calcium intake on
the risk of developing

cancer in each large-

24 hours diet recall interview

colon/rectal

Age-asdjusted mean intske of fat in patients
with colon cancer is lower than that of
non-cases (Ps.05) no difference between

rectal cases ang non-ceses.

Not adjusted for total energy intake

bowel subsite No interaction between fat ond calcium
intake ‘
o difference in mean calcium intake
between colon or rectal cencer cases versus
non-cases
. X ¥ s

- 22809
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Table 2--continued

Reference
Ceuthor, date)

Study Design and
Population

Objective

Kethod of Dietary measure

Type of cancer

Results

Assessment

Statery, 1990 Case-control white To evaluate prostate food frequency questionrnaire- prostate Men who consumed @ high fat dies as adults Recall bias large factor
(Ref. 86° males from Utah aged cancer risk associated compared reported results with were st 8 slightly increased risk of
45-74; with fat consumed during netional food consumption trends to developing aggressive prostate cancer sfter | Multiple confounders not adjusted for (only
362 cases, 685 adolescent years assess the accuracy of the dietary sdjustment for adolescent diet (OR=1.8, age and high saturated fat diet in adolescent)
popuistion-baser instrument Pc,05) whereas men who consumed a high
controls ssturated fat diet as adolescents were not lotal energy intake not adjusted
at increased risk of developing these
tumors after controlling for adult diet. Borderline significance
Zhang, 1990 Case-control of Chinese | To assess thf Diet Histories Breast Cesges have » significantly greater daily Well-done analysis.
(Ref, 87) women in Shanghai: 186 relationship between diet caloric inteke than controls. After
cases, 138 hospital srd breast cancer adjusting for the total energy intake, Major confounders adjusted for,
controls, 186 increased consumption of total fat is
neighborhood controls significantly associated with breast cancer | Soth hospital and neighborhood control used.
. (RR i8 1.7, p =.05) for the highest vs I .
lowest quintile of fat intake.
Slattery, 1988 | Case-controi - Cases: To assess the quantitative food-frequency colon Total fat intake shows borderline incresse Total energy intake not adjusted for.

(Ref. 83)

119 females, 110 males
Controls: 204 females,

180 males

relationships of physical
activity and diet to the
development of colon

cancer in Utah.

questionnaire

in the risk for colon cancer in males (OR =
2.1, P=.09) and females (OR = 2.0, P=.09)
between highest and lowest range of intake.

Adjusted for sge, BM1 and fiber intake
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Table 2--continuea

Reference
(author, date)

Study Design and
Population

Objective

Method of Dietary measure

Type of cancer

Results

Assessment

1990
(Ref. 90)

cancer morbidity and

mortal ity

Institute publications for total
lipids, total animel fats, total

vegetable fats (in g/person/day)

was found. All morbidity and mortality
rate (males, females and total) showed

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

Histop, 1990 Case-controt of to investigate the self-administered questionnaire breast Severe stypias and borderline carcinoms in Small subgroups; findings not statistically
(Ref. 89 Canadian women; Cases: | relation between diet and | consisting of usual frequency of situ were directly associated with frequent | significant
801 histologicstly histologic types of consumption during the past year of mest fats consumption (resutt not
confirmed benign breast | benign breast disease 39 specific food items statistically significant: OR = 3.2 ; 95%
disease c1 0.75-13.2%)
Controls: 865 age-
matched
Horsles cross-sectional to evaluate the retation consumption by province was rectat and 8 positive correlation between morbidity Total energy not adjusted
Suarez-varela, of Spanish diet to rectal | determined from National Statistics | colon and mortality and total lipid consumption Lifestyle confounders not adjusted (smoking,

ete)
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