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The Dietary Fat-Breast Cancer
Hypothesis Is Alive

Arthur Schatzkin, MD, DrPH; Peter Greenwald, MD, DrPH; David P. Byar, MD; Carolyn K. Clifford, PhD

Data from animal experiments and human correlation studies strongly support
the dietary fat-breast cancer hypothesis. Moreover, a causal relation between
dietary fat and breast malignancy is biologically plausible. Negative findings
from recent analytic epidemiologic studies of dietary fat and breast cancer,
however, have fueled the notion that the hypothesis is no longer viable. We
argue that only limited conclusions should be drawn from epidemiologic studies
to date because of the narrow range of dietary fat intake among subjects and the
substantial measurement error in dietary assessment. Although many doubts
remain about the dietary fat-breast cancer hypothesis, the question is of such
importance that intensive efforts at designing better studies of the hypothesis
are urgently needed. Such studies might include (1) laboratory investigations in
humans that examine possible mechanisms for the effects of fat, (2) large,
prospective epidemiologic studies, and (3) randomized, controlled diet trials.

IT IS estimated that in 1989 in the
United States 143 000 women will be
diagnosed with breast cancer and that
43 000 will die of the disease.' One of 10
women in this country will develop a
breast malignancy during her lifetime."

The hypothesis that women can re-
duce their risk of breast cancer by cut-
ting their intake of dietary fat not only
fits certain experimental and epidemio-
logic observations, but also provides a
realistic possibility for modifying breast
cancer risk. Oflate, though, enthusiasm
for the hypothesis seems to have waned,
largely on the basis of recent epidemio-
logic studies that report no positive as-
sociation between dietary fat and breast
cancer. Some might even have the im-
pression that the dietary fat-breast
cancer hypothesis has become a dead
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issue. We argue herein that the hypoth-
esis is very much alive.

ANIMAL EXPERIMENTS

Animal experiments on dietary fat
and mammary cancer have shown the
following:

1. Increasing the amount of dietary
fat increases mammary tumorigenesis,
whether measured in terms of in-
cidence, multiplicity of tumors, or
latency.”

2. The production of tumors is en-
hanced when a high level of fat is fed
after, not before, initiation, suggesting
a promotional effect for dietary fat. The
importance of dietary fat in carcinogen-
esis might extend at least to midlife in
rodents.”

3. The tumor-enhancing effects of
high levels of saturated or polyunsatu-
rated fat are similar when the diets con-
tain a minimal amount of polyunsaturat-
ed fat to provide essential fatty acids.
The effect of various types of dietary fat

on mammary carcinogenesis is an area
of current research interest.

4. Finally, dietary fat and total calo-
ric intake seem to have separate tumor-
enhancing effects. Figure 1, derived
from one of the early studies by Tannen-
baum,’illustrates two important points.
First, at every level of total caloric
intake, animals that consumed a high-
fat, compared with a low-fat, diet had an
increased incidence of mammary tu-
mors after administration of a chemical
carcinogen. Second, total caloric intake
enhanced mammary tumorigenesis
even when the level of dietary fat was
held constant. The precise relative con-
tributions of fat and calories remain a
matter of controversy. It is indisputable
from the animal studies, though, that
animals fed ad libitum a high-fat, high-
calorie diet have a substantially higher
incidence of mammary tumors than ani-
mals fed a low-fat, calorie-restricted
diet.

ECOLOGICAL STUDIES

Ecological studies examine relations
among grouped data. Because these
studies do not examine relations among
individuals, they have been regarded
traditionally as useful for generating,
rather than definitively testing, hypo-
theses.

Figure 2 depicts the relation of na-
tional breast cancer mortality rates to
average national levels of estimated per
capita fat consumption. These interna-
tional comparisons of per capita fat con-
sumption are based on food disappear-
ance data derived from food balance
sheets" and might tend to overestimate
the quantity of fat actually eaten. Per
capita estimates of consumption are
measures of food that has disappeared
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. into the food supply and are caleulated

‘by adding the total quantity of food pro-
‘duced in a country to the quantity of
food imported, and then subtracting the
:sum of food exported, fed to livestock
‘and pets, and put to nonfood uses. These
estimates are then divided by the total
population to yield per capita consump-
tion. Food disappearance data provide
useful information when used within
their appropriate limits of interpreta-
tion and have been valuable in providing
leads for further research.

As Fig 2 demonstrates, breast cancer
rates vary over more than a fivefold
range between those countries with the
highest and lowest rates. There is also a
wide international variation in per capi-
ta fat consumption. The fat consump-
tion—breast cancer relation here is
direct, strong, and linear, with a corre-
lation coefficient of .8 to .9.° Thus, coun-

\. tries with relatively high estimated fat

consumption have high rates of breast
cancer, those with low fat consumption
have low breast cancer rates. Prentice
et al” recently showed that the strong
international correlation with breast
cancer rates holds for total calories from
fat but not for nonfat calories.

Inlight of the wide international vari-
ation in breast cancer frequency, breast
cancer rates have been studied among

I persons migrating from areas with low

rates to areas with high rates. In gener-
al, breast cancer rates change toward
those of the country to which women
migrate. For example, the incidence of
breast cancer has been increasing in
successive generations of Japanese

' women in Hawali compared with wom-
. en in Japan to the point that the inci-
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. Fig 1.—Relation of dietary fat and caloric intake to incidence of spontaneous mammary tumors in C3H virgin
' female mice. Closed squares indicate high fat; and open triangles, low fat (adapted from Tannenbaum?®).

dence among second-generation Japa-
nese women in Hawaii is similar to that
for whites in Hawaii." Among Italian-
born women migrating to Australia,
breast cancer mortality increased in di-
rect relation to the duration of residence
in the adopted country.” Dietary accul-
turation, including the adoption of a diet
higher in fat content than that in the
country of origin, is a possible explana-
tion for the change in breast cancer
rates.

A third ecological approach to this
question is the time-trend study, in
which investigators examine the rela-
tion between changes over time in fat
intake and breast cancer rates. In Ja-
pan, for example, mean per capita daily
fat intake rose from 23 g/d in 1957
through 1959 to 52 g/d in 1973.” During
the same period, overall breast cancer
mortality rose approximately 30%,"
with the sharpest increase (>50%) in
women aged 45 to 54 years.”

These ecological studies have two ma-
jor strengths. First, there is a fairly
wide range of fat intake when countries
are the units of analysis. This contrasts
with studies of individuals within a giv-
en country, where variability of fat in-
take is much more limited. Second, we
can be reasonably certain that a country
classified as having high fat consump-
tion can be differentiated clearly from a
country with low fat consumption.

A potential problem with correlation
studies, however, is that relations at the
group or aggregate data level might not
accurately reflect relations among indi-
viduals.” There might exist a confound-
ing environmental factor, X, that is as-
sociated with dietary fat intake and is
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the real causative agent in breast can-
cer. Since countries with higher fat in-
take also would have higher exposure to
X, the international association be-
tween dietary fat and breast cancer
would reflect merely this true causal
link between X and breast cancer. No
such X-factor has yet been identified,
though, and the ecological association
between dietary fat and breast cancer
might mirror a true cause-and-effect re-
lation in individual women,

ANALYTIC EPIDEMIOLOGY

Studies that involve comparisons of
individuals have been regarded by epi-
demiologists traditionally as the stron-
gest type of observational evidence in
human populations. In cohort studies,
diet is assessed at the beginning of fol-
low-up, before breast cancer develops.
The case-control study, which can be
viewed roughly as a slice of the experi-
ence unfolding in the cohort setting, be-
gins with women who already are diag-
nosed with breast cancer and one or
more groups of control women who do
not have the disease. A potentially seri-
ous limitation of the case-control study
is that diet is assessed in the cases after
diagnosis, when they might uninten-
tionally overestimate or underestimate
fat intake. While it is not yet established
how the accuracy of dietary reporting is
affected by this retrospective data gath-
ering, this problem of recall bias can be
of sufficient magnitude to invalidate a
case-control study.

The most commonly used methods to
assess diet in epidemiologic studies are
the 24-hour recall and the food frequen-
cy questionnaire.” For the 24-hour re-
callmethod, atrained nutritionist asks a
subject to recall everything eaten in the
previous 24 hours. With the food fre-
quency questionnaire, subjects are
asked how often, usually in the previous
year, they consumed various foods.
Portion size can be assessed with each of
these methods. Data on foods consumed
are then converted by means of a food
composition database into nutrients
such as grams of total fat, saturated and
unsaturated fat, protein, and carbo-
hydrates.

More than 20 epidemiologic studies of
diet and breast cancer have been com-
pleted and recently reviewed."™” Slight-
ly more than half estimated total fat
intake; the others assessed the intake of
meat, fried foods, dairy products, and
other food groups. Results from 16 pub-
lished case-control studies of dietary fat
and breast cancer have been inconsis-
tent.”™ One cohort study from Japan
showed a positive association between
meat intake and subsequent breast, can-
cer,” while a cohort study conducted in
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Fig 2.—Relation between age-adjusted breast cancer mortality rates and per capita fat consumption

(adapted from Carroli and K|

the United States found no association
between meat intake and breast can-
cer.™ Data from two recent cohort stud-
ies in the United States that assessed
fat intake revealed no association or
even an inverse association between di-
etary fat and breast cancer.””

LIMITATIONS OF ANALYTIC
EPIDEMIOLOGY

Two criticisms have been directed at
the findings from cohort and case-con-
trol studies of dietary fat and breast
cancer. First, the analytic studies often
are carried out in populations with a
fairly narrow range of fat intake. This
makes it difficult to show a dietary fat
effect, especially if the real protective
effect of a low-fat diet emerges only ata
level below that eaten by virtually ev-
eryone in the study population. If one
looks at only those countries in Fig 2
with 32% or more of total calories from
fat (the mean of the lowest quintile of fat
intake in the Nurses Health Study”),
one finds that the breast cancer rates in
those countries with the highest fat in-
take (44% of calories from fat) are only
1.5 times the rates in those countries
with 32% of calories from fat. Suppose
that these international data reflect a
true association between dietary fat and
breast cancer and that women in an epi-
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hor® and Willett et al”).

demiologic study consume betwéen 32%
and 44% of calories as fat. Then the
relative risk of breast cancer for women
in the highest, compared with the low-
est, fat category would be only 1.5. A
study with the statistical power to de-
tect a relative risk of 1.5 would require a
sample size much larger than one with
the power to detect a relative risk of 5.0.

Second, there is considerable error in
the assessment of diet becanse people
often forget what they eat. Even if peo-
ple do remember accurately, they might
not be aware of the exact components of
their meals unless they prepared the
food themselves. Interpretation of the
24-hour recall is hampered by the fact
that what people eat on a given day
might not be typical of their usual diet.
The food frequency questionnaire is de-
signed to assess usual diet, but it is diffi-
cult to reconstruct precisely how often
particular foods were eaten over an ex-
tended period. As aresult of the dietary
measurement error, a substantial pro-
portion of subjects in epidemiologic
studies are misclassified. That is, some
individuals considered to be in one of the
higher categories of fat intake really be-
long in one of the lower categories, and
vice versa.

When misclassification oceurs with-
out respect to disease status (as it would

in the cohort studies described previ- |
ously herein), the observed relative risk |
is attenuated toward 1.0 (no associa- ;
tion). In other words, even if dietary fat |

truly elevated the risk of breast cancer,

with sufficient misclassification a study

would fail to reveal that elevated risk.

Some authors have attempted to i
quantify the magnitude of error by cor- :
relating dietary intakes from the food |
frequency questionnaire (or the 24-hour |
recall) with intakes from dietary re- |
cords collected over several days.” For |
example, Willett et al’ reported correla-
tion coefficients of .39 (not adjusted for :
calories) and .53 (calorie adjusted) for :
total fat intake estimated from a food :
frequency questionnaire vs total fat in- |
take assessed from four 7-day food re- |
cords. These correlations indicate a sub- ¢
stantial amount of measurement error. |
It can be shown that if the correlation :
between the “imperfect” and “true” ex- :
posure is only .5 when the relative risk §
was truly 2.0, one would observe a rela- |
tive risk of 1.4 for a unit change in the :
observed exposure.” Thus, marked at- {
tenuation of relative risk can result from §
the measurement error that plagues di- ;
etary assessment studies. A number of |
researchers are attempting to use the !
results of validation studies to develop ;
“misclassification-adjusted” estimates |
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Whe:n the limited range of dietary

-intake is compounded by the relative
‘yvisk—-attenuating effect of dietary mis-
~classification, severe constraints are
‘placed on the ability of observational
: epidemiologic studies to demonstrate a
“true direct relation between dietary fat
“and breast cancer (should one exist). As

consequence of these methodological

- constraints, data from case-control and

“cohort studies to date have not been
-decisive in resolving the dietary fat-
breast cancer question.

_ BIOLOGIC PLAUSIBILITY

It is reasonable to ask at this point

i whether the dietary fat-breast cancer
: hypothesis “makes sense.” That is, do

biologically plausible mechanisms exist

by which dietary fat can increase the

risk of human breast cancer? The an-
swer is, yes. On the basis of at least
some experimental evidence, several
mechanisms have been proposed. Per-
haps the leading candidate for a mecha-
nism is one that invelves hormones, es-
pécially estrogens.” Dietary fat might
modulate ovarian hormonal production
directly. Alternatively, dietary fat
might alter estrogen-metabolizing in-
testinal flora or affect the quantity and
composition of adipose tissue, which
plays a role in steroid hormone meta-
bolism. Other proposed mechanisms in-
clude the effects of dietary fat on
membrane permeability, prostaglandin
synthesis, immune function, DNA re-
pair, and metabolism of chemical carcin-
ogens.” Thus, while the mechanisms for
the dietary fat-breast cancer link are
still speculative, it is reasonable to con-
clude that a causal relation between di-
etary fat and breast cancer is biological-
ly plausible.

FUTURE RESEARCH

It remains to be seen whether the
major thrusts in breast cancer preven-
tion research will be toward (1) large-
scale prevention trials, perhaps a modi-
fication of a trial that has completed a
feasibility phase® or a trial with multiple
disease end points and changes in more
than one dietary component; (2) large
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cohort studies with intensive efforts to-
ward improving dietary assessment
methods, including identification of bio-
chemical markers of dietary intake; or
(3) laboratory-based human studies of
intermediate markers that reflect earli-
er stages in breast carcinogenesis
(though a definite correspondence be-
tween the intermediate markers and
cancer per se will need to be docu-
mented).

Studies of dietary fat and breast can-
cer face a number of difficulties. First,
certain nutrients “travel” together. It is
not always feasible to disentangle the
effects of fat, calories, fiber, and other
dietary components. Second, nutrients
might interact with each other. That is,
dietary fat might have an effect on
breast cancer only in the presence, or
absence, of certain micronutrients or
other dietary factors. This possibility of
nutrient interactions might be particu-
larly important in light of recent studies
that suggest a positive relation between
aleohol consumption and breast can-
cer.” Third, specific types of fat, not
just total fat, might be critical. It is
possible that effects of certain fatty ac-
ids are not reflected clearly by measures
of total fat.

Finally, dietary fat or other dietary
factors consumed in early life-—at pu-
berty, for example—might influence
the development of subsequent breast
cancer. Studying this possibility in hu-
man populations is a daunting prospect,
given that we would have to determine
what women ate many years in the past
or else follow up young women for sev-
eral decades until sufficient numbers
developed the disease. We might have
to rely, at least in part, on such circum-
stantial evidence as cross-cultural com-
parisons and metabolic studies in young
women.

The dietary fat-breast cancer hy-
pothesis is viable and important. It de-
serves vigorous investigation.
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