
ORIGINAL
CONTRIBUTION

Association of Dietary Intake of Fat
and Fatty Acids With Risk of Breast Cancer
Michelle D. Holmes, MD, DrPH
David J. Hunter, MB, BS, ScD
Graham A. Colditz, MD, DrPH
Meir J. Stampfer, MD, DrPH
Susan E. Hankinson, ScD
Frank E. Speizer, MD
Bernard Rosner, PhD
Walter C. Willett, MD, DrPH

HIGH INTAKE OF TOTAL DI-
etary fat has been postulated
to increase breast cancer risk
on the basis of animal stud-

ies,1,2 international comparisons,2-4 and
a meta-analysis of case-control studies.5

However, the meta-analysis has been
criticized for ignoring heterogeneity
among studies.6 In addition, the dietary
fat hypothesis has not been supported by
cohort studies, which are less prone to
bias than case-control studies.7-9 In a
pooled analysis of 7 international co-
horts with nearly 5000 cases, the mul-
tivariate relative risk (RR) for the high-
est compared with the lowest quintile of
total fat intake was 1.05 (95% confi-
dence interval [CI], 0.94-1.16).9 Some
authors have suggested that fat intake be
20% or less of total energy intake for a
protective effect to be evident and have
maintained that such a protective effect
has not been found in cohort studies be-
cause they were conducted in Western
populations in whom the level of fat in-
take is rarely this low.2

Another possible explanation for the
conflicting results of prospective and ret-
rospective studies of diet and breast can-
cer is that the intake of specific fatty ac-
ids, rather than that of total fat, may
influence breast cancer risk. In animal
studies, certain fatty acids have modu-

lated mammary tumor growth and me-
tastasis; evidence is strongest for a pro-
motional effect of polyunsaturated
fat1,10-15 and an inhibitory effect of
omega-3 fat from marine sources.11,16-20

These observations are supported by hu-
man ecological studies.2,21-24

Other epidemiologic studies have been
limited in duration and have used infor-
mation about dietary intake from only
1 point in time; thus, these investiga-
tions have not taken into account changes
in diet over time. A few case-control stud-
ies have used adipose tissue levels of spe-
cific fatty acids as a marker of long-

term intake. However, adipose tissue
does not provide an assessment of total
fat intake or intake of fatty acids that can
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Context High intakes of fat and specific fatty acids, including total, animal, satu-
rated, polyunsaturated, and trans-unsaturated fats, have been postulated to increase
breast cancer risk.

Objective To determine whether intakes of fat and fatty acids are associated with
breast cancer.

Design and Setting Cohort study (Nurses’ Health Study) conducted in the United
States beginning in 1976.

Participants A total of 88 795 women free of cancer in 1980 and followed up for
14 years.

Main Outcome Measure Relative risk (RR) of invasive breast cancer for an incre-
mental increase of fat intake, ascertained by food frequency questionnaire in 1980,
1984, 1986, and 1990.

Results A total of 2956 women were diagnosed as having breast cancer. Compared
with women obtaining 30.1% to 35% of energy from fat, women consuming 20%
or less had a multivariate RR of breast cancer of 1.15 (95% confidence interval [CI],
0.73-1.80). In multivariate models, the RR (95% CI) for a 5%-of-energy increase was
0.97 (0.94-1.00) for total fat, 0.98 (0.96-1.01) for animal fat, 0.97 (0.93-1.02) for
vegetable fat, 0.94 (0.88-1.01) for saturated fat, 0.91 (0.79-1.04) for polyunsatu-
rated fat, and 0.94 (0.88-1.00) for monounsaturated fat. For a 1% increase in energy
from trans-unsaturated fat, the values were 0.92 (0.86-0.98), and for a 0.1% in-
crease in energy from omega-3 fat from fish, the values were 1.09 (1.03-1.16). In a
model including fat, protein, and energy, the RR for a 5% increase in total fat, which
can be interpreted as the risk of substituting this amount of fat for an equal amount of
energy from carbohydrate, was 0.96 (95% CI, 0.93-0.99). In similar models, no sig-
nificant association of risk was evident with any major types of fat.

Conclusion We found no evidence that lower intake of total fat or specific major
types of fat was associated with a decreased risk of breast cancer.
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be endogenously synthesized. Also, be-
cause results are expressed as the per-
centage of total fatty acids, an increase
in 1 type of fat necessarily means a de-
crease in another, making interpreta-
tion difficult.

In this analysis we followed up 88 795
women for 14 years, extending our pre-
vious analysis7 by 6 years and more than
1500 cases. This extended study is now
large enough and long enough to assess
the effect of very low fat intake (#20%
of energy) even though intake this low was
still not common. We also examined type
of fat consumed and the risk of breast can-
cer in detail, and we used dietary intake
assessed at 4 different points to calculate
a cumulative average intake that best rep-
resented long-term intake.

METHODS
The Nurses’ Health Study Cohort

In 1976, the Nurses’ Health Study (NHS)
cohort was established when 121 700 fe-
male registered nurses from across the
United States, aged 30 to 55 years, an-
swered a mailed questionnaire on risk
factors for cancer and cardiovascular dis-
ease. Every 2 years since, we have sent
follow-up questionnaires to NHS par-
ticipants. In 1980, a 61-item food-
frequency questionnaire designed to as-
sess dietary intake was added. In 1984,
1986, and 1990, an expanded food-
frequency questionnaire was used. This
analysis is based on the 88 795 women
who answered the 1980 diet question-
naire, who did not have implausible
scores for total energy intake (,2092 kJ
[500 kcal] or .14 644 kJ [3500 kcal] per
day, approximately 2% of returned diet
questionnaires), and who did not have
diagnosed cancer (other than nonmela-
noma skin cancer, 3101 cases ex-
cluded) prior to 1980.

Semiquantitative Food-Frequency
Questionnaires
The food-frequency questionnaires have
been described in detail, and their va-
lidity and reproducibility have been
documented elsewhere.25,26 A com-
monly used portion size was specified for
each food (for example, 1 slice of bread
or 1 egg). Participants were asked to av-

erage how frequently over the past year
they had consumed that portion of food.
The 9 prespecified responses ranged from
“never” to “6 or more times per day.” We
also asked about the types of fat used for
cooking and at the table.

We multiplied the frequency of con-
sumption of each food by the nutrient
content of the portion size, taking into
account cooking fat, to obtain nutrient
intakes. Nutrient values in foods were ob-
tained from US Department of Agricul-
ture sources.27 We included all trans iso-
mers of 18-carbon unsaturated fatty acids
in the calculation of total trans; values for
the trans content of food came prima-
rily from analyses by Enig et al28 and
Slover et al.29 Omega-3 fatty acid intake
from fish represented the summation of
eicosapentaenoic and docosahexaenoic
acids. Correlations between intakes from
the questionnaire used in 1986 and on-
ward and intakes from repeated weighed
diet records were 0.67 for total fat, 0.70
for saturated fat, 0.64 for polyunsatu-
rated fat, and 0.69 for monounsat-
urated fat.26

Identification
of Breast Cancer Cases
In each biennial questionnaire, partici-
pants were asked whether they had been
diagnosed as having breast cancer in the
previous 2 years. Deaths were identified
by a report from a family member, the
postal service, or the National Death In-
dex; the ascertainment is 98% complete.
Follow-up of the entire cohort through
1994 is 95% complete. Medical records
were obtained for breast cancer cases iden-
tified by either self-report or vital re-
cords, and more than 99% of these re-
cords confirmed the self-report. Cases of
carcinoma in situ were excluded.

Statistical Analysis
Eachparticipantaccumulatedperson-time
beginning with the return of the 1980
questionnaire and ending with her can-
cer diagnosis, death, or June 1, 1994,
whichever came first. In secondary analy-
ses, we began follow-up at the time of re-
turn of the 1984 or 1988 questionnaire.
Fat intake fromeachdietaryquestionnaire
was classified as a percentage of total en-

ergy intake, and total energy intake was
included in each regression model. We
used pooled logistic regression using 2-
year time intervals with RR as the mea-
sure of association.30 To take into account
dietary changes over time, we calculated
the cumulative average intake of fat from
all available dietary questionnaires up to
the startof each2-year interval. In this cal-
culation, the1980dietwasrelatedtobreast
cancer incidencebetween1980and1984;
the average of the 1980 and 1984 diets
was related to breast cancer incidence be-
tween 1984 and 1986; the average of the
1980, 1984, and 1986 diets was related
to breast cancer incidence between 1986
and 1990; and the average of all 4 diets
was related to breast cancer incidence be-
tween1990and1994.Inalternativeanaly-
ses, only the 1980 baseline diet was
related tobreastcancer incidence. In“sub-
stitution” models, fat intake was simul-
taneously included as a nutrient density
with total energy intake and protein in-
take as explanatory variables.26 In these
models, the coefficient for fat can be in-
terpreted as substitution of a percentage
of energy from fat for an equal percent-
age of energy from carbohydrates. Intake
of dietary factors other than fat, such as
total energy, carbohydrates, protein, al-
cohol, vitamin A, vitamin E, and total fi-
ber, was calculated in the same manner
as fat intake.

The following nondietary covariates
were updated every 2 years: age, history
of benign breast disease, menopausal sta-
tus, age at menopause, use and duration
ofuseofpostmenopausalhormones,par-
ity, age at first birth, and weight change
since the age of 18 years. Age at menar-
che, height, and body mass index (weight
in kilograms divided by the square of
height inmeters)at theageof18yearswere
determined at baseline, and information
on family history of breast cancer was
sought in 1976, 1982, 1988, and 1992.
Women of uncertain ovulatory status
(mainly those who had undergone hys-
terectomybuthad intactovaries)wereex-
cluded from analyses including stratifi-
cation by menopausal status. In tests for
linear trend across categories of percent-
age of energy from fat, ordinal rank was
assigned to each category.
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RESULTS
We identified 2956 incident cases of in-
vasive breast cancer among 88 795
women during 1 172 028 person-years
of follow-up between 1980 and 1994.
Average intake of total fat as a percent-
age of energy intake was 39% in 1980,
36% in 1984, 33% in 1986, and 31% in
1990. Correlations between intakes of
particular types of fat, averaged over the
entire period studied, were 0.08 for satu-
rated fat and polyunsaturated fat; 0.81
for saturated fat and monounsaturated
fat; and 0.41 for polyunsaturated fat and
monounsaturated fat.

TABLE 1 shows the multivariate RR
and 95% confidence interval (CI) of
breast cancer incidence according to the
percentage of energy obtained from to-
tal fat, cumulatively averaged from 1980
through 1994. With 30.1% to 35% of en-
ergy from fat as the reference category,
women consuming 20% or less of total
energy as fat had a slightly increased risk
of breast cancer (RR, 1.15; 95% CI, 0.73-
1.80), and the overall linear trend for
higher risk with lower fat intake was sta-
tistically significant (P = .03). Results were
similar for both premenopausal and post-
menopausal women.

In Tables 2 through 5, fat intakes are
expressed as continuous variables. In-
tervals of intake for total fat and each type
of fat were chosen to represent approxi-
mately the interquartile range of intake.

TABLE 2 shows the multivariate RR of
breast cancer associated with intake of to-

tal energy and of various types of fat, cu-
mulatively averaged for 1980 through
1994 and stratified by menopausal status
at diagnosis. In the whole cohort and in
both the premenopausal and postmeno-
pausal groups there was no association of
breast cancer incidence with intakes of en-
ergy, total fat, animal fat, vegetable fat,
polyunsaturated fat, saturated fat, or cho-
lesterol. Slight inverse associations were
seen for monounsaturated fat among
postmenopausal women only and for
trans-unsaturated fat in the whole cohort
and among postmenopausal women. A
slight positive association was seen in the
whole cohort and among postmeno-
pausal women for omega-3 fats from fish.

The greater number of food items on
the 1984 dietary questionnaire allowed
more extensive calculation of intake of
types of fat. TABLE 3 provides data on
the intake of an expanded list of types
of fat averaged over the 1984, 1986, and
1990 diets, with follow-up from 1984
through 1994. Again, total fat intake was
not associated with breast cancer inci-
dence. Significant inverse associations
with breast cancer incidence were seen
for intakes of vegetable, polyunsatu-
rated, monounsaturated, and trans-
unsaturated fats as well as for oleic and
linoleic acids, with RRs ranging from
0.82 (polyunsaturated fat) to 0.95 (lin-
oleic acid).

Table 1. Multivariate Relative Risk of Breast Cancer Incidence Among 88 795 Women Between 1980 and 1994, According to
Percentage of Energy Obtained From Fat in the Cumulatively Averaged Diet Reported for 1980, 1984, 1986, and 1990*

Energy From
Fat, %

No. of Cases/
Person-Years RR (95% CI)

No. of Premenopausal
Cases/Person-Years RR (95% CI)

No. of Postmenopausal
Cases/Person-Years RR (95% CI)

#20 20/6539 1.15 (0.73-1.80) 4/1808 1.26 (0.46-3.42) 14/4136 1.09 (0.64-1.86)

20.1-25 81/29 836 0.96 (0.76-1.21) 11/7427 0.81 (0.44-1.49) 64/19 680 1.00 (0.77-1.30)

25.1-30 388/123 617 1.09 (0.97-1.23) 74/33 337 1.16 (0.89-1.53) 283/79 857 1.06 (0.92-1.22)

30.1-35 842/305 715 1.00 (Referent) 187/98 461 1.00 (Referent) 588/180 059 1.00 (Referent)

35.1-40 900/358 281 0.97 (0.88-1.07) 234/137 034 0.91 (0.75-1.11) 582/187 006 0.99 (0.88-1.11)

40.1-45 478/216 859 0.93 (0.83-1.05) 165/95 584 0.99 (0.80-1.23) 266/98 264 0.91 (0.78-1.06)

45.1-50 169/91 341 0.86 (0.73-1.03) 76/44 492 1.03 (0.78-1.37) 77/36 118 0.78 (0.61-1.00)

.50 78/39 839 0.96 (0.76-1.23) 33/19 470 1.03 (0.70-1.51) 39/15 209 1.01 (0.72-1.41)

Total 2956/1 172 028 . . . 784/437 613 . . . 1913/620 329 . . .

P value, trend .03 .77 .06

*Values were adjusted for energy, age, energy-adjusted vitamin A, alcohol intake, time period, height, parity, age at first birth, weight change since age 18 years, body mass index
at age 18 years, age at menopause, menopausal status and use of hormone replacement therapy, family history, benign breast disease, and age at menarche. Energy intake from
alcohol was included in total energy. Women of uncertain menopausal status were included among all cases but not with premenopausal or postmenopausal cases. RR indicates
relative risk; CI, confidence interval.

Table 2. Multivariate Relative Risk of Breast Cancer in 88 795 Women Between 1980 and
1994, According to Cumulatively Averaged Intake of Energy, Total Fat, and Fat Subtypes in
the 1980, 1984, 1986, and 1990 Diets*

Nutrient Increment per Day

Total
Cases,

RR (95% CI)

Premenopausal
Cases,

RR (95% CI)

Postmenopausal
Cases,

RR (95% CI)

Energy (100 kcal†) 0.99 (0.98-1.00) 0.99 (0.98-1.01) 0.99 (0.98-1.00)

Total fat (5% of energy) 0.97 (0.94-1.00) 0.99 (0.93-1.05) 0.96 (0.93-1.00)

Animal fat (5% of energy) 0.98 (0.96-1.01) 1.01 (0.96-1.06) 0.98 (0.94-1.02)

Vegetable fat (5% of energy) 0.97 (0.93-1.02) 0.99 (0.91-1.07) 0.96 (0.91-1.02)

Polyunsaturated fat (5% of energy) 0.91 (0.79-1.04) 0.99 (0.77-1.27) 0.88 (0.74-1.04)

Saturated fat (5% of energy) 0.94 (0.88-1.01) 0.98 (0.87-1.11) 0.93 (0.85-1.02)

Monounsaturated fat (5% of energy) 0.94 (0.88-1.00) 1.02 (0.91-1.15) 0.91 (0.84-0.99)

Trans-unsaturated fat (1% of energy) 0.92 (0.86-0.98) 1.00 (0.88-1.13) 0.91 (0.84-0.99)

Omega-3 fat from fish (0.1% of energy) 1.09 (1.03-1.16) 1.10 (0.96-1.26) 1.09 (1.02-1.17)

Cholesterol (100 mg/1000 kcal†) 1.00 (0.94-1.06) 1.09 (0.98-1.21) 0.96 (0.88-1.04)

*Values were adjusted for energy, age, energy-adjusted vitamin A intake, alcohol intake, time period, height, parity,
age at first birth, weight change since age 18 years, body mass index at age 18 years, age at menopause, meno-
pausal status and use of hormone replacement therapy, family history, benign breast disease, and age at menarche.
Energy intake from alcohol was included in total energy. Women of uncertain menopausal status were included among
all cases, but not with premenopausal or postmenopausal cases. RR indicates relative risk; CI, confidence interval.

†To convert kilocalories to kilojoules, multiply by 4.184.
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TABLE 4 shows the results of analysis
with “substitution” models: each model
included total energy, percentage of en-
ergy from protein, and percentage of en-
ergy from total fat or from types of fat.
In this analysis, the coefficient for fat can
be interpreted as substitution of a per-
centage of energy from fat for an equal
percentage of energy from carbohy-
drate. For models in which types of fat
are assessed, all major components of fat
that contribute to total fat intake are in-
cluded. For example, animal and veg-
etable fats are included in the same
model, as are saturated, polyunsatu-
rated, monounsaturated, and trans-
unsaturated fats. Substitution of fat for
carbohydrate energy was not associated
with higher risk of breast cancer; the RRs
for all fats except monounsaturated were
slightly inverse, although not statisti-
cally significant. The slight inverse
association previously observed with
monounsaturated fat intake was re-
versed but remained statistically insig-
nificant after intakes of other fats and pro-
tein were taken into account. Analysis of
these substitution models stratified by
menopausal status showed similar re-
sults for premenopausal and postmeno-
pausal breast cancer.

TABLE 5 shows the results of alterna-
tive assessments of the relationship be-
tween total fat intake and breast cancer
incidence. In models A, B, and C, the
1980 baseline diet was used, and start
of follow-up was delayed 0, 4, and 8
years, respectively. No substantial varia-
tion in risk was observed. In model D we
adjusted for cumulatively averaged in-
takes of folate, fiber, and vitamin E from
foods; again, no substantial difference in
results was seen. In 1994 we asked par-
ticipants retrospectively about the use of
screening mammography. In model E we
limited the analysis to those women who
had had a screening mammogram be-
fore 1994. No relation was observed be-
tween fat intake and risk of breast can-
cer. To address the possibility that
underreporting of total energy intake had
biased the associations, we used mod-
els F and G, calculating the ratio of re-
ported energy intake to expected basal
metabolic rate (based on age and weight)

for each woman during each dietary pe-
riod.31 In the analysis for each dietary pe-
riod, we excluded women who fell into
the bottom 20%—and then the bottom
40%—of the distribution of these ra-
tios. Even after these exclusions, the RR
did not change appreciably. To address
the possibility that obesity is an inter-
mediary step between fat intake and
breast cancer, we did not adjust in model
H for BMI at the age of 18 years or weight
change since the age of 18 years. The re-
sults remained similar.

We also examined the relation be-
tween total fat intake and breast cancer
incidence between 1980 and 1994 within
strata of established breast cancer risk fac-
tors. Again, there was no association of
fat intake with breast cancer among
women with or without a family history
of breast cancer (in a mother or sister)
or among women with or without a per-

sonal history of benign breast disease, or
within categories of BMI. In postmeno-
pausal women, there was no associa-
tion of fat intake with breast cancer within
categories of current, past, or no use of
postmenopausal hormones.

We also examined associations of fat-
containing foods averaged from 1980
through 1994, with breast cancer inci-
dence. The only significant positive as-
sociation was with fish intake (RR for 1
84- to 140-g [3- to 5-oz] serving of fish
per day, 1.25; 95% CI, 1.05-1.50).

COMMENT
In this large prospective study, we found
no evidence that higher total fat intake was
associated with an increased risk of breast
cancer, even though the relationship was
assessed many different ways. Contrary to
the prevailing hypothesis, the overall trend
was inverse and statistically significant.

Table 3. Multivariate Relative Risk of Breast
Cancer Between 1984 and 1994 Among
77 519 Women (2097 Cases) According to
Cumulatively Averaged Intake of Total Fat
and Fat Subtypes Reported for the 1984,
1986, and 1990 Diets*

Nutrient Increment per Day RR (95% CI)

Total fat (5% of energy) 0.96 (0.92-1.00)
Animal fat (5% of energy) 1.01 (0.97-1.06)
Vegetable fat (5% of energy) 0.92 (0.87-0.97)
Polyunsaturated fat

(5% of energy)
0.82 (0.71-0.96)

Saturated fat (5% of energy) 0.96 (0.87-1.06)
Monounsaturated fat

(5% of energy)
0.88 (0.80-0.98)

trans-Unsaturated fat
(1% of energy)

0.87 (0.79-0.95)

Omega-3 fat from fish
(0.1% of energy)

1.08 (1.03-1.13)

Cholesterol (100 mg/
1000 kcal†)

1.09 (1.00-1.18)

Oleic acid (5% of energy) 0.86 (0.77-0.96)
Palmitic acid (5% of energy) 0.91 (0.75-1.10)
Myristic acid (1% of energy) 1.04 (0.91-1.19)
Stearic acid (1% of energy) 0.96 (0.89-1.03)
Linoleic acid (1% of energy) 0.95 (0.92-0.98)
Linolenic acid (1% of energy) 0.75 (0.54-1.03)
Arachidonic acid

(0.03% of energy)
1.05 (1.00-1.10)

Eicosapentaenoic acid
(0.03% of energy)

1.06 (1.02-1.10)

Docosahexaenoic acid
(0.03% of energy)

1.04 (1.01-1.06)

*Values were adjusted for energy, age, energy-adjusted
vitamin A intake, alcohol intake, time period, height, par-
ity, age at first birth, weight change since age 18 years,
body mass index at age 18 years, age at menopause,
menopausal status and use of hormone replacement
therapy, family history, benign breast disease, and age
at menarche. Energy intake from alcohol was included
in total energy. RR indicates relative risk; CI, confi-
dence interval.

†To convert kilocalories to kilojoules, multiply by 4.184.

Table 4. Multivariate Relative Risk of Breast
Cancer Among 88 795 Women (2956 Cases),
According to Cumulatively Averaged Intake
of Fat Subtypes or Total Fat Reported in the
1980, 1984, 1986, and 1990 Diets*

Fat RR (95% CI)

Total fat (5% of energy) 0.96 (0.93-0.99)
Animal fat (5% of energy,

adjusted for vegetable fat
intake)

0.96 (0.93-1.00)

Vegetable fat (5% of energy,
adjusted for animal fat
intake)

0.95 (0.91-1.00)

Polyunsaturated fat (5%
of energy, adjusted
for saturated,
monounsaturated, and
trans-unsaturated fat)

0.97 (0.81-1.16)

Saturated fat (5% of energy,
adjusted for
polyunsaturated,
monounsaturated, and
trans-unsaturated fat)

0.93 (0.82-1.05)

Monounsaturated fat (5%
of energy, adjusted for
saturated, polyunsaturated,
and trans-unsaturated fat)

1.03 (0.89-1.18)

trans-Unsaturated fat (1% of
energy, adjusted for
saturated, polyunsaturated,
and monounsaturated fat)

0.93 (0.85-1.02)

*Animal fat and vegetable fat were mutually adjusted for
each other. Saturated, polyunsaturated, monounsat-
urated, and trans-unsaturated fats were mutually ad-
justed for each other. Values were adjusted for energy,
age, energy-adjusted vitamin A intake, protein intake,
alcohol intake, time period, height, parity, age at first birth,
weight change since age 18 years, body mass index
at age 18 years, age at menopause, menopausal sta-
tus and use of hormone replacement therapy, family his-
tory, benign breast disease, and age at menarche. En-
ergy intake from alcohol was included in total energy.
RR indicates relative risk; CI, confidence interval.
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Long-term averaged diet might not be
the best way to express the relationship
between diet and breast cancer; a con-
siderable latency period could exist be-
tween fat intake and its effect on dis-
ease. However, beginning follow-up as
late as 8 years after the initial dietary as-
sessment did not change the results. In
some studies, breast cancer risk has been
inversely associated with increased in-
take of folate, fiber, and vitamin E from
foods5,32; correlations of these nutrients
with fat intake could potentially con-
found the association between fat in-
take and breast cancer. However, adjust-
ment for the intake of these additional
nutrients did not change the results.

Consuming a low-fat diet may be cor-
relatedwithawholesetofhealth-conscious
behaviors, such as participation in mam-
mographic screening, which may detect
cancersearlierandthusartificially increase

the incidence of breast cancer among
women with low-fat diets. However, lim-
iting the analysis to women who had un-
dergonescreeningmammographydidnot
change the results.

Underreporting of energy and macro-
nutrient intake, particularly by those per-
sons who are overweight, has been pos-
tulated to bias estimations of the effect of
fat on the development of long-term dis-
ease.33-35 We excluded women with the
greatest likelihood of underreporting in-
take—first the lowest 20% and then the
lowest 40% of the distribution—when
comparing reported energy intake with
expected energy intake based on age and
weight. The results were unchanged. Obe-
sity has been postulated as an intermedi-
ary between fat intake and breast cancer.
Postmenopausal breast cancer risk has
been positively associated with BMI
among women who never used hor-

mone replacement in this cohort, and risk
has been positively associated with weight
gain since the age of 18 years as well.36

However, leaving out of the model BMI
at the age of 18 years and weight change
since the age of 18 years did not change
the association of breast cancer risk with
fat intake. None of the various modeling
techniques used in Table 5 made any dif-
ference in the association of fat intake with
breast cancer risk. In each case the RR was
very close to 1.00, and the 95% CIs all
included 1.00. In those models for total
fat, the data are incompatible with more
than a 4% increase in risk per 5% in-
crease in fat intake.

Animal studies have generally sup-
ported a promoting effect of polyunsatu-
rated fats (particularly linoleic acid) as
well as an inhibitory effect of omega-3
fatty acids on breast cancer develop-
ment and metastases. The results of ob-
servational studies have been mixed. A
case-control study with 128 partici-
pants found significantly lower levels of
omega-3 fatty acids in adipose tissue
among cases.37 The European Commu-
nity Multicenter Study on Antioxi-
dants, Myocardial Infarction, and Breast
Cancer (EURAMIC) case-control study
with 642 participants found the ratio of
omega-3 to omega-6 to be inversely as-
sociated with breast cancer.38 However,
2 other case-control studies, with 309
and 999 participants each, found no as-
sociation of omega-3 fatty acids with
breast cancer.39,40 These last 2 case-
control studies, like the large pooled pro-
spective study,9 found no association for
linoleic acid39 or polyunsaturated fats.40

A third case-control study with 140 cases
found that polyunsaturated fats and lin-
oleic acid both had breast cancer risk.41

However, a large prospective study from
Sweden with 674 breast cancer cases re-
cently reported a positive, if only mar-
ginally, significant association of poly-
unsaturated fat with breast cancer risk
(RR, 1.89; 95% CI, 1.02-2.78 for an in-
take increment of 8 g/d as assessed by
food-frequency questionnaire); this is the
only previous study to mutually adjust
for other types of fat.42

In addition to these fatty acids, ani-
mal fats (the major source of saturated

Table 5. Multivariate Relative Risk of Breast Cancer, According to Total Fat Intake:
Comparison of Various Methods of Assessing Fat Intake and Covariate Adjustment*

Method Follow-up, y
No. of

Women
No. of
Cases RR (95% CI)†

A. 1980 Diet; follow-up 1980-1994;
baseline diet

14 88 795 2956 0.99 (0.97-1.01)

B. 1980 Diet; follow-up 1984-1994;
baseline diet, delayed 4 y

10 87 145 2308 0.99 (0.96-1.02)

C. 1980 Diet; follow-up 1988-1994;
baseline diet, delayed 8 y

6 84 805 1457 1.00 (0.96-1.03)

D. 1980, 1984, 1986, and 1990 Cumulatively
averaged diet; follow-up 1980-1994;
additionally adjusted for dietary intake of
folate, fiber, and vitamin E from foods

14 88 795 2956 0.97 (0.94-1.00)

E. 1980, 1984, 1986, and 1990 Cumulatively
averaged diet; follow-up 1980-1994;
including only women who had had a
mammogram before 1994

14 75 287 2364 0.98 (0.94-1.01)

F. 1980, 1984, 1986, and 1990 Cumulatively
averaged diet; follow-up 1980-1994;
excluding women in the lowest 20% of
the distribution for reported energy
intake divided by expected energy
intake

14 88 795 2342 1.00 (0.96-1.03)

G. 1980, 1984, 1986, and 1990 Cumulatively
averaged diet; follow-up 1980-1994;
excluding women in the lowest 40%
of the distribution for reported energy
intake divided by expected energy
intake

14 88 795 1413 0.99 (0.94-1.04)

H. 1980, 1984, 1986, and 1990 Cumulatively
averaged diet; follow-up 1980-1994;
without adjusting for body mass index
at age 18 y or weight change since age
18 y

14 88 795 2956 0.97 (0.94-1.00)

*Values were adjusted for energy, age, energy-adjusted vitamin A intake, protein intake, alcohol intake, time period,
height, parity, age at first birth, weight change since age 18 years, body mass index at age 18 years, age at meno-
pause, menopausal status and use of hormone replacement therapy, family history, benign breast disease, and age
at menarche. Energy intake from alcohol was included in total energy. RR indicates relative risk; CI, confidence in-
terval.

†Relative risks shown are for an increase of 5% of energy from fat.
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fat) and trans-unsaturated fats have been
hypothesized to increase the risk of breast
cancer, and olive oil (predominantly
composed of monounsaturated fat) to de-
crease the risk of breast cancer. The hy-
pothesis that saturated fat, particularly
animal fat, is associated with breast can-
cer has come primarily from ecological
studies3,4,24 but in general has not been
supported by either case-control stud-
ies39-41 or prospective studies.9,42 The
EURAMIC case-control study found a
positive association for trans-unsatur-
ated fat in adipose tissue, with an odds
ratio of 1.40 (95% CI, 1.02-1.93) for the
difference between the 25th and 75th
percentiles38; however, no association was
found in a similar study by London et
al.40 Three case-control studies have sup-
ported an inverse association of olive oil
intake with breast cancer risk,43-45 and 1
found an inverse association of monoun-
saturated fat and breast cancer risk.41 The
Swedish cohort study documented an in-
verse association with monounsat-
urated fat (RR, 0.45; 95% CI, 0.22-0.95
for an increment of 10 g/d mutually ad-
justed for other types of fat),39 whereas
the pooled cohort analysis (not ad-
justed for other types of fat) found no as-
sociation.9

In contrast to the predominant hypoth-
eses, we saw no increased risk of breast
cancer with increased intake of animal fat,
polyunsaturated fat, saturated fat, or trans-
unsaturated fat in models in which fat in-
take replaced carbohydrate intake. Like-
wise, we found no evidence of decreased
risk of breast cancer with increased in-
take of vegetable fat or monounsat-
urated fat in similar models. Also con-
trary to the predominant hypothesis, we
found an increased risk of breast cancer
associated with omega-3 fat from fish.

This study had several strengths: It was
prospective, few subjects have been lost
to follow-up, and it was not prone to the
biases of case-control studies.46 It in-
cluded more cases, longer follow-up, and
more person-time than any previously
published individual prospective study
on diet and breast cancer. The assess-
ment of diet at multiple times during the
follow-up period allowed more accu-
rate quantification of long-term diet.

Our previous inability to find an as-
sociation between fat intake and breast
cancer in this cohort has been attrib-
uted by some to measurement error.33

However, measurement error is highly
unlikely to account for our findings. Even
in the previous analysis with half the
present number of cases and a single
baseline measure of dietary fat, the 95%
CI excluded the magnitude of risk pre-
dicted by the international correlations
even after taking measurement error into
account.7 In addition, the multiple as-
sessments of diet over time in this analy-
sis decreased misclassification,26 and the
same dietary measurements and meth-
ods in this cohort strongly predict coro-
nary heart disease, even with fewer than
one-third the number of cases.47 These
findings strongly suggest that interna-
tional correlations between fat consump-
tion and breast cancer are severely con-
founded by other factors, including
delayed onset of menses,48 weight gain
after the age of 18 years,36 and hormone
replacement therapy.36

Our capacity to examine risks of breast
cancer at the extremes of fat intake is lim-
ited by the small proportion of women
and greater probability of misclassifica-
tion of dietary intake in these catego-
ries. However, the fact that the risk of
breast cancer tended to be highest among
those with the lowest fat intake makes
an important reduction of risk in this
group unlikely.

In conclusion, we found no evidence
that lower intake of total fat or particu-
lar types of fat over 14 years of fol-
low-up was associated with a decreased
risk of breast cancer. These findings sug-
gest that reductions in total fat intake dur-
ing midlife are unlikely to prevent breast
cancer and should receive less empha-
sis. Rather, women’s decision about fat
intake should be guided primarily by risk
of heart disease, which is strongly influ-
enced by the type but not total amount
of fat.49
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Our senses perceive no extreme. Too much sound deaf-
ens us; too much light dazzles us; too great distance or
proximity hinders our view. Too great length and too
great brevity of discourse tend to obscurity; too much
truth is paralysing.

—Blaise Pascal (1623-1662)
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