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Although ecologic association and animal studies support a direct effect of dietary fat on the development

We prospectively analyzed the association between fat consumption and the incidence of postmenopausal
invasive breast cancer in the National Institutes of Health—-AARP Diet and Health Study, a US cohort
comprising 188736 postmenopausal women who completed a 124-item food-frequency questionnaire in
1995-1996. Hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated using Cox proportional
hazards regression models with adjustment for energy and potential confounding factors. All statistical

Over an average follow-up of 4.4 years, the cohort yielded 3501 cases of invasive breast cancer. The
hazard ratio of breast cancer for the highest (median intake, 40.1% energy from total fat; 434 cases per
100000 person-years) versus the lowest (median intake, 20.3% energy from total fat; 392 cases per 100000
person-years) quintile of total fat intake was 1.11 (95% CI = 1.00 to 1.24; P,,., = .017). The corresponding
hazard ratio for a twofold increase in percent energy from total fat on the continuous scale was 1.15
(95% Cl = 1.05 to 1.26). Positive associations were also found for subtypes of fat (hazard ratio for a twofold
increase in percent energy from saturated fat = 1.13; 95% Cl = 1.05 to 1.22; from monounsaturated fat,
HR = 1.12; 95% Cl = 1.03 to 1.21; from polyunsaturated fat, HR = 1.10, 95% Cl = 1.01 to 1.20). Correction for
measurement error in nutrient intakes, on the basis of a calibration substudy that used two 24-hour dietary
recalls, strengthened the associations, yielding an estimated hazard ratio for total fat of 1.32 (95% Cl = 1.11
to 1.568). Secondary analyses showed that associations between total, saturated, and monounsaturated fat
intakes were confined to women who were not using menopausal hormone therapy at baseline.

Background
of breast cancer, results of epidemiologic studies have been inconclusive.
Methods
tests were two-sided.
Results
Conclusion

In this large prospective cohort with a wide range of fat intake, dietary fat intake was directly associated

with the risk of postmenopausal invasive breast cancer.
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Although the association between dietary fat and breast cancer has
been examined for a long time, it remains one of the most contro-
versial in nutritional epidemiology (1-3). In the early 1940s, animal
studies suggested that high-fat diets could stimulate mammary car-
cinogenesis (4). This notion was subsequently reinforced by results
of international correlation studies [e.g., (5)] and migrant studies
le.g., (6)]; the latter showed that migrant populations that replaced
their indigenous low-fat diets with high-fat, Western diets ex-
perienced breast cancer incidence rates similar to those of the
host populations. Beginning in the mid-1970s, case—control study
reports tended to show positive associations between dietary fat
intake and breast cancer (7). However, the possibility of differential
recall of diet between case and control subjects cast doubt on these
results (8). Although pooled analyses of subsequent cohort studies
failed to show an association between fat intake and the risk of
breast cancer (9,10), a more recent meta-analysis (11) of 14 cohort
studies that adjusted for energy intake found that women who con-
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sumed the highest levels of total fat had a statistically significant
13% higher risk of breast cancer than those who consumed the
lowest levels. Recently reported findings from the Women’s Health
Initiative (WHI) Randomized Controlled Dietary Modification
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CONTEXT AND CAVEATS

Prior knowledge

Ecologic association and animal studies have suggested that high-
fat diets contribute to the development of breast cancer. However,
epidemiologic studies of the association between dietary fat intake
and the risk of breast cancer have been inconclusive.

Study design

Large prospective cohort study of the association between fat
consumption (assessed with the use of a food frequency ques-
tionnaire) and the incidence of invasive breast cancer among post-
menopausal women with a wide range of fat intake.

Contribution

A direct association between dietary fat intake—both total fat intake
and intakes of the major fat subtypes—and the risk of invasive
breast cancer was detected. The authors also found a statistically
significant interaction between menopausal hormone use and
dietary fat intake with respect to breast cancer risk.

Implications

The hypothesis that dietary fat increases the risk of invasive breast
cancer remains viable and warrants continued investigation.
Further studies are needed to examine whether use of menopausal
hormone therapy mediates the association between dietary fat
intake and the risk of breast cancer.

Limitations
Unmeasured confounders and measurement error could have
influenced the observed associations.

Trial provided suggestive evidence that a low-fat diet can reduce
the incidence of breast cancer incidence, although follow-up was
shorter and the reduction in fat intake in the intervention group,
smaller than originally planned (12).

At least two methodologic issues could contribute to the dis-
crepant results among previous epidemiologic studies. First, die-
tary measurement error could have masked true associations (13).
Second, many previous epidemiologic studies were conducted
within homogenous populations that had relatively narrow ranges
of fat intakes, which could make it difficult to detect an association
between fat intake and breast cancer risk (14). Here we investi-
gated the association between dietary fat intake and the risk of
breast cancer in the National Institutes of Health (NTH)-AARP
(formerly American Association of Retired Persons) Diet and
Health Study, a large prospective cohort study of more than half
a million US men and women among whom dietary fat intakes
varied substantially (15).

Subjects and Methods

Study Population

Details of the NIH-AARP Diet and Health Study are given else-
where (15). Briefly, the initial cohort consisted of 617119 men and
women who responded to a food-frequency questionnaire (FFQ) in
1995-1996. All respondents were members of AARP, were 50-71
years old at baseline (when they completed the questionnaire), and
resided in one of six US states (California, Florida, Pennsylvania,
New Jersey, North Carolina, or Louisiana) or two metropolitan
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areas (Atlanta, GA, or Detroit, MI). Cancer incidence in the cohort
was ascertained by probabilistic linkage to cancer registries cover-
ing the eight states (16). Vital status was ascertained by annual link-
age to the Social Security Administration Death Master File, by
cancer registry linkage, and through responses to mailings. Address
changes were ascertained through annual linkage to the National
Change of Address database maintained by the US Postal Service
(USPS), by receipt of USPS notification of undeliverable mail, via
use of other address change update services, and by direct commu-
nication with participants. The NIH-AARP Diet and Health Study
was approved by the Special Studies Institutional Review Board of
the US National Cancer Institute (NCI). All participants agreed to
give informed consent by virtue of completing the questionnaire.

From the initial respondents, we excluded 27552 men and
women who did not answer substantial portions of the question-
naire, 13442 who indicated that they were not the intended
respondent and did not complete the questionnaire, 8127 who had
more than 10 recording errors (for example, more than one bubble
filled in per question) or reported consuming fewer than 10 differ-
ent foods, 824 who later requested to be removed from the study,
six who did not provide information on sex, 179 who had com-
pleted duplicate questionnaires, 263 who died before study entry,
322 who moved out of the cancer registry ascertainment areas
before study entry, and 15760 who indicated that they were not
the intended respondent but did complete the questionnaire. The
remaining 550 644 participants included 325176 men and 225468
women; we further excluded 23 981 women who either reported a
personal history of cancer in the baseline questionnaire or had a
diagnosis of cancer before baseline (except for nonmelanoma skin
cancer) identified by cancer registry match, and 529 women who,
on the basis of death certificate reports, had died from a cancer
at any site that did not appear in the registry-matching process.
Women who reported that they were still menstruating and were
not taking hormones were classified as premenopausal. Women
who reported that their periods had stopped due to natural meno-
pause, surgery, radiation, or chemotherapy; women who had had
both ovaries or their uterus removed; and women older than 57
years were classified as postmenopausal. On the basis of this defini-
tion, we restricted the study population to postmenopausal women
by excluding 7291 premenopausal women and 2111 women with
an uncertain menopausal status. Finally, of the remaining 191556
postmenopausal women, we excluded those who had reported on
the questionnaire extreme values (i.e., more than two interquartile
ranges above the 75th percentile or below the 25th percentile on
the logarithmic scale) for energy intake (n = 1543), total fat intake
(n = 249), and percent energy from total fat (n = 1028), leaving
188736 female study participants for the analysis.

Dietary Data

The FFQ was a grid-based version of the NCI’s Diet History
Questionnaire (17,18). This questionnaire was designed to assess
usual diet by inquiring about the frequency of consumption (in 10
categories that ranged from never to six or more times per day for
beverages and from never to two or more times per day for foods)
and portion size (presented as three ranges based on national dietary
data for adults representing <25th, 25th—75th, and >75th percentiles
of intake) of 124 food items over the past year. In addition, the
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questionnaire included 21 questions about whether particular foods
were consumed as versions that were sugar free, low fat, caffeine
free, or whole grain, and details about the additions and types of fats,
creamers, or sweeteners added to foods or used in food preparation.
Portion size ranges and daily nutrient intakes were calculated using
databases from the 1994-1996 US Department of Agriculture’s
Continuing Survey of Food Intake by Individuals (19). The FFQ
was calibrated against two 24-hour dietary recalls (24HRs) that were
administered to a stratified randomly chosen subset of the NIH-
AARP participants (n = 2053) by telephone on an average of 25 days
apart (15). Among women, the energy-adjusted Pearson correlation
coefficients for the FFQ and the 24HR, adjusted for within-person
random variation and total energy intake, were .69 for saturated fat,
.62 for total and monounsaturated fat, and .56 for polyunsaturated
fat (Thompson F: unpublished data).

Statistical Analysis
Person-years of follow-up were calculated from the date of response
to the baseline questionnaire to the date of invasive breast cancer
diagnosis or to censoring at the date of in situ breast cancer diagno-
sis, other cancer diagnosis (except for nonmelanoma skin cancer),
death, emigration out of the study area, or December 31, 2000,
whichever occurred first. Absolute rates for postmenopausal inva-
sive breast cancer were standardized within 5-year age categories
to the age distribution of person-years experienced by all study sub-
jects. Hazard ratios (HRs) and 95% confidence intervals (Cls) were
estimated using Cox proportional hazards regression models with
age as the primary time variable (20) and the Efron approximation
method to handle ties (21). We verified that the proportional haz-
ards assumption was not violated for our main exposure and other
fixed covariates by including interaction terms with a function of
age (either centered or log-transformed age), and we used the Wald
chi-square procedure to test whether all coefficients equaled 0.
We used several energy adjustment methods to examine associ-
ations with fat intake independent of energy intake (22). Because
alcohol intake is a well-established risk factor for breast cancer
(23,24), we used nonalcohol sources of energy as a continuous vari-
able to adjust for energy intake in all models and considered alco-
hol intake as a separate confounder in the multivariable models.
We verified that results obtained after adjusting for total energy
and alcohol intake were similar to those obtained after adjusting
for nonalcohol energy and alcohol in multivariable models. Fat
intake was included as the absolute amount per day (standard
model), the residual of the regression of fat intake on nonalcohol
energy intake (residual method), or the percentage of nonalcohol
energy contributed by fat intake (density model) (22). In all mod-
els, the hazard ratio for fat represents the association of breast
cancer risk with the substitution of fat for carbohydrate and pro-
tein, that is, when nonalcohol energy intake is held constant, an
increase in fat intake is necessarily accompanied by a reduction in
carbohydrate and protein intakes (25). In additional models, we
further adjusted for protein intake to examine the effect of substi-
tuting total fat intake for carbohydrate intake alone. We also used
the partition method to examine the association of breast cancer
risk with adding fat intake to nonalcohol energy intake (25). The
same energy adjustment models were fitted for subtypes of fat;
the substitution effect of one subtype of fat for carbohydrates was
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investigated after adjusting fat subtypes mutually for each other
and for protein and energy intakes.

In all models, the natural logarithm was used to transform intakes
of total fat, fat subtypes, and energy. We performed all analyses
using fat as either a continuous or categorical variable. We con-
ducted continuous analyses after examination of the spline regres-
sion terms showed no departure of the logarithm of the hazard ratio
from linearity (26). Hazard ratios on the continuous scale were cal-
culated for a twofold increase in fat intake, for example, from 20%
to 40% of energy from total fat in density models. In categorical
analyses, quintiles of fat intake were based on the distribution
observed in the study population at baseline. Tests for linear trend
were performed by using the median intake level in each quintile.

Nondietary risk factors were identified by their independent
associations with the risk of breast cancer. The following variables
were examined as potential confounders of the fat intake and breast
cancer association: race/ethnicity, education level, family history of
breast cancer in the participant’s mother or sister(s), a personal
history of breast biopsy, adult height, body mass index (BMI) at
baseline, age at menarche, age at first birth, parity, age at meno-
pause, menopausal hormone use, smoking history, alcohol con-
sumption levels, and type and frequency of physical activity at
work or home. We selected a parsimonious model by including
variables that were statistically significantly associated with the risk
of breast cancer (at the conventional 5% level) and that changed
the risk estimates for total fat intake by 10% or more (27). The
final parsimonious model included alcohol consumption (in grams
of ethanol per day, as a continuous variable), smoking history (ever
versus never [reference category]), age at birth of first child and
number of children combined (nulliparous, first birth before age
30 years with one or two children, first birth before age 30 years
with three or more children [reference category], or first birth at
age 30 years or older), age at menopause (<50, 50-54 [reference
category], or >55 years), menopausal hormone therapy use (cur-
rent user versus never used or former user), and BMI (<25 [refer-
ence category], 25 to <30, or >30 kg/m?). We also considered
variables that were available for a subset of the initial cohort (n =
119950, all of whom were included in this analysis) from a sub-
sequent questionnaire that was mailed in late 1996 (15), namely, an
alternative assessment of physical activity in terms of intensity and
frequency, as well as lifetime (since age 18 years) and menopausal
(since age 50 years) weight gain. We verified that all fat and breast
cancer associations remained virtually unchanged despite the
shorter follow-up and smaller sample size in this subcohort and
after adjustment for additional variables.

We assigned missing values for the adjusting covariates to their
respective reference category after checking that individuals with
such missing values did not show a risk of breast cancer that was
statistically significantly different from that of individuals in the
reference category. Moreover, in sensitivity analyses, we verified
that both the complete case analysis [which excluded subjects with
missing values in any adjustment covariates (28)] and analyses that
used the Horvitz—Thompson inverse probability weighting method
(29) yielded results similar to those of the main analysis. However,
only a small proportion of the study participants (5.4%) had missing
values for at least one of the adjustment covariates included in the
parsimonious models.
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To correct for measurement error, we used data from the 873
participants who were included in the calibration substudy (15) and
who met the inclusion criteria for this analysis. We used the two-
step linear regression calibration procedure (30) to adjust the haz-
ard ratios observed in the age- and energy-adjusted density models
on the continuous scale. At the first step, we used the Seemingly
Unrelated Measurement Error Model method (31) to estimate the
slopes and their standard errors in the regressions of the 24HR-
reported fat and energy intakes on age-adjusted fat and energy
from the FFQ. The slope for fat resulting from the regression of
24HR-reported fat intake on FFQ-reported fat and energy intakes
is the attenuation factor, whereas the slope for fat resulting from
the regression of 24HR-reported energy intake on FFQ-reported
fat and energy intakes gives an indication of the residual confound-
ing by energy intake (32). At the second step, we corrected the
hazard ratios using only the attenuation factors (33) because the
residual confounding by energy intake was very small and not
statistically significant for intakes of total fat and fat subtypes. The
95% confidence intervals for the corrected hazard ratios were
calculated using the delta method (33) to take into account uncer-
tainties in the estimated attenuation factors.

To identify potential effect modifiers, we evaluated fat—covari-
ate interaction terms in relation to breast cancer risk in both
categorical and continuous analyses. Tests for interaction were
performed using the likelihood ratio test with fat intake considered
as a continuous variable (one degree of freedom). The covariates
examined included family history of breast cancer in mother or
sister(s) (yes versus no), personal history of breast biopsy (ever
versus never), BMI (>25 versus <25 kg/m?), smoking history (ever
versus never), alcohol consumption at baseline (drinker versus
nondrinker), and menopausal hormone use (current user versus
former user and nonuser). SAS statistical software (version 9.1,
SAS Institute, Inc, Cary, NC) was used for all analyses. All statisti-
cal tests were two-sided; P values less than .05 were considered
statistically significant.

Results

Table 1 presents the baseline characteristics of the study population
across quintiles of total fat intake expressed as a percentage of
energy. The median intakes of percentage energy obtained from
total fat ranged from 20.3% in the lowest quintile to 40.1% in the

Table 1. Baseline characteristics by quintile of total fat intake as a percentage of energy among 188736 postmenopausal women in the

National Institutes of Health—-AARP Diet and Health Study

Quintile of percent energy from total fat (median)

Variable 1(20.3) 2 (26.0) 3 (30.0) 4 (34.2) 5 (40.1)
No. of participants 37748 37747 37747 37747 37747
Mean age at study entry (y) 62.3 62.2 62.2 62.1 62.0
Education level (%)

11y or fewer 5.1 5.5 6.2 6.8 8.0

High school 21.9 24.7 25.9 27.8 28.8

Post—high school 34.5 34.7 3556 35.7 36.9

College and postgraduate 35.2 32.0 29.3 26.4 22.8
Race (%)

Non-Hispanic white 87.8 89.2 89.3 90.1 90.8

Non-Hispanic black 5.9 5.5 6.0 5.6 5.2

Hispanic 2.5 2.1 1.9 1.6 1.4

Other 2.2 1.7 1.4 1.3 1.1
Mean nonalcohol energy intake (kcal/day) 1467.3 1512.6 1568.5 1644.4 1702.8
Mean carbohydrate intake (g/day) 239.0 2211 213.1 206.8 185.9
Mean protein intake (g/day) 55.5 59.1 61.1 63.4 64.7
Mean alcohol intake (g/day) 5.1 5.3 5.9 6.1 7.3
Breast cancer ever diagnosed in mother or 12.9 12.8 13.1 12.6 12.8

sister(s) (%)

Ever had breast biopsy (%) 24.8 24.3 24.1 23.8 22.9
Ever smoked (%) 50.8 51.8 53.0 54.9 60.6
Mean body mass index at baseline (kg/m?) 25.7 26.6 271 27.4 27.6
Mean height (m) 1.629 1.631 1.633 1.634 1.634
Age at menarche >13 y(%) 50.2 50.3 50.9 51.6 51.7
Age at birth of first child and parity (%)

Nulliparous 16.1 14.8 15.0 14.3 14.3

First birth before age 30 y with 1-2 children 32.3 31.7 30.8 30.3 30.6

First birth before age 30 y with three or 44.8 46.8 47.9 49.3 49.3

more children

First birth at age 30 y or older 6.3 6.1 5.7 5.4 5.0
Age at last menstruation (%)

<50y 56.4 57.5 59.0 60.3 62.1

50-54 y 34.1 33.1 32.1 31.1 29.7

>55y 7.8 7.5 7.0 6.8 6.4
Ever used oral contraceptive (%) 37.2 384 38.7 39.2 39.1
Current use of menopausal hormone therapy 45.4 46.3 45.6 44.2 41.6

at baseline (%)
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Table 2. Energy- and multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (Cls) for invasive breast cancer
risk in association with total fat intake among 188 736 postmenopausal women in the National Institutes of Health-AARP

Diet and Health Study*

Quintile of total fat intake

Total fat intake

Energy as a continuous
adjustment model 1 2 3 4 5 Pyena® variablet
Standard§

Median value (g/day) 24.2 36.1 47.4 61.6 90.5

No. of cases/No. of 686/165686 688/165912 711/165814 718/165531 698/165403

person-years
Energy-adjusted

—-

1.00 (referent) 1.05 (0.94 to 1.18)

.13 (1.00 to 1.27)

—-

.18 (1.02 to 1.35) 1.22 (1.03t0 1.45)  .013 1.15 (1.05 to 1.26)

HR (95% CI)
Multivariable-adjusted 1.00 (referent) 1.04 (0.93 to 1.17) 1.11(0.98 to 1.25) 1.16 (1.01 to 1.33) 1.22 (1.03 to 1.45) .013 1.15(1.05 to 1.26)
HR (95% CI)
Residuall|
Median value (g/day) 32.8 41.9 48.4 55.0 64.4
No. of cases/No. of 648/166274 687/166234 722/165657 733/165429 711/164753

person-years
Energy-adjusted
HR (95% Cl)
Multivariable-adjusted
HR (95% ClI)
Density
Median value
(% energy)
No. of cases/No. of
person-years
Energy-adjusted

-

1.00 (referent) 1.06 (0.96 to 1.18)

-

1.00 (referent) 1.05 (0.95 to 1.17)

20.3 26.0 30.0

655/166 268 684/166117

-

1.00 (referent) 1.05 (0.94 to 1.17)

12 (1.01 to 1.25)

.12 (1.00 to 1.24)

722/165737

.11 (1.00 to 1.24)

-

14(1.03 to 1.27) 1.12(1.00 to 1.24)  .014 1.15 (1.05 to 1.26)

-

.14.(1.02 to 1.26) 1.12(1.00to 1.24)  .014 1.15 (1.05 to 1.26)

34.2 40.1

727/165352 713/164873

-

13 (1.01 to 1.25) 1.11(1.00 to 1.24)  .017 1.15 (1.05 to 1.26)

HR (95% Cl)
Multivariable-adjusted 1.00 (referent) 1.04 (0.94 to 1.16) 1.10 (0.99 to 1.23) 1.12 (1.01 to 1.25) 1.11 (1.00 to 1.24) .017 1.15 (1.05 to 1.26)
HR (95% Cl)
Partition#
Median value (g/day) 24.2 36.1 47.4 61.6 90.5
No. of cases/No. of 686/165686 688/165912 711/165814 718/165531 698/165403

person-years

Energy-adjusted 1.00 (referent)  1.04(0.93to0 1.16)  1.10 (0.98to 1.23)  1.14 (1.01 to 1.28) 1.16(1.01t0 1.33)  .015 1.09 (1.03 to 1.16)
HR (95% Cl)

Multivariable-adjusted 1.00 (referent) ~ 1.03(0.92to 1.14)  1.08 (0.97 to 1.21) ~ 1.12 (1.00 to 1.27) 117 (1.02t0 1.34)  .012 1.10 (1.03 to 1.17)
HR (95% CI)

*

Energy-adjusted bivariate Cox regression models adjusted for nonalcohol energy (continuous), using age as the underlying time metric. Multivariable Cox

regression models adjusted for alcohol and nonalcohol energy intakes (both continuous), smoking history (two categories, ever versus never), combined age
at birth of first child and number of children (four categories, nulliparous, first birth before age 30 years with one or two children, first birth at age 30 years or
older, versus first birth before age 30 years with three or more children), age at menopause (three categories, <50, >55, versus 50-54 years), menopausal
hormone use (two categories, current versus never or former) and BMI (three categories, 25 to <30, >30, versus <25 kg/m?).

T Two-sided Wald chi-square test for linear trend using median intake in each quintile.

+ Hazard ratios presented for a twofold increase in total fat intake.

§ Standard models contain log-transformed total fat intake and log-transformed nonalcohol energy intake.

|| Residual models contain the residual of the regression of log-transformed total fat intake on log-transformed nonalcohol energy intake (with predicted mean
added) and log-transformed nonalcohol energy intake.

11 Density models contain log-transformed percent of nonalcohol energy from total fat intake and log-transformed nonalcohol energy intake.

# Partition models contain log-transformed total fat intake and log-transformed nonalcohol nonfat energy intake.

highest quintile. Compared with women in the lowest quintile of
percent energy from total fat, those in the highest quintile were less
likely to have a college or postgraduate education, consumed more
alcohol, were more likely to be former or current smokers, had a
higher BMI, had more children, had an earlier onset of menopause,
and were less likely to use menopausal hormone therapy.

During up to 5.2 years of follow-up (mean [standard devia-
tion] = 4.4 years [0.86]), 4255 women were diagnosed with breast
cancer, 3501 of whom had invasive breast cancers. Women in
the highest quintile of percent energy from total fat had an 11%
higher incidence of invasive breast cancer than women in the
lowest quintile (434 versus 392 cases per 100000 person-years).
Total fat intake was directly associated with the risk of postmeno-

jnci.oxfordjournals.org

pausal invasive breast cancer (Table 2). When fat intake was con-
sidered as a categorical variable, the hazard ratios of invasive breast
cancer for women in the highest versus the lowest quintile of fat
intake were either statistically significant or borderline statistically
significant depending on the method used to adjust for nonalcohol
energy, but all tests for trend were statistically significant.
When fat intake was considered as a continuous variable, the
breast cancer hazard ratios for increasing fat intake were statistically
significant for all energy adjustment models. For example, in
examining the substitution of total fat for carbohydrates and pro-
tein in the density model, increasing fat from 20% to 40% of non-
alcohol energy was associated with a hazard ratio of 1.15 (95%
CI = 1.05 to 1.26). Adjusting for other confounding variables did
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Table 3. Energy- and multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (Cls) for invasive breast cancer by
subtypes of fat intake among 188 736 postmenopausal women in the National Institutes of Health—-AARP Diet and Health Study*

Fat intake as a

Quintile of intake

continuous
Fat subtype 1 2 3 4 5 Pyonat variablet
Saturated fat
Median value 5.8 7.6 9.1 10.7 13.2
(% energy)
No. of cases/No. of 658/166480 703/165981 694/165676 697/165428 749/164782

person-years

Energy-adjusted 1.00 (referent) 1.08 (0.97 to 1.20) 1.07 (0.96 to 1.19) 1.08 (0.97 to 1.21) 1.18 (1.06 to 1.31) .006 1.12 (1.05 to 1.21)
HR (95% Cl)

Multivariable-adjusted 1.00 (referent) 1.07 (0.96 to 1.19) 1.06 (0.96 to 1.18) 1.08 (0.97 to 1.21) 1.18 (1.06 to 1.31) .004 1.13(1.05 to 1.22)
HR (95% Cl)

Monounsaturated fat

Median value 7.2 9.5 11.2 12.8 15.2
(% energy)

No. of cases/No. of 661/166 080 679/166 259 746/165580 693/165572 722/164857

person-years

Energy-adjusted 1.00 (referent) 1.03 (0.93 to 1.15) 1.14 (1.03 to 1.27) 1.06 (0.96 to 1.18) 1.12 (1.00 to 1.24) .032 1.11(1.03 to 1.21)
HR (95% Cl)

Multivariable-adjusted 1.00 (referent) 1.02 (0.92 to 1.14) 1.13(1.02 to 1.26) 1.06 (0.95 t0 1.18) 1.12 (1.00 to 1.24) .028 1.12 (1.03 to 1.21)
HR (95% CI)

Polyunsaturated fat

Median value 4.5 5.9 6.9 8.1 10.3
(% energy)

No. of cases/No. of 647/165902 715/165967 678/165691 730/165662 731/165126

person-years
Energy-adjusted
HR (95% Cl)
Multivariable-adjusted
HR (95% Cl)

1.00 (referent) 1.11 (1.00 to 1.23)

1.00 (referent) 1.10 (0.99 to 1.22)

1.05(0.94 to 1.17)

1.04 (0.94 to 1.16)

1.13(1.021t0 1.26)  1.13(1.02 to 1.26) .022 1.10 (1.02 to 1.18)

1.12 (1.00 to 1.24) 1.12 (1.01 to 1.25) .040 1.10 (1.01 to 1.20)

*

The results are shown for the density model after fat and energy intakes were log-transformed. Energy-adjusted bivariate Cox regression models adjusted for

nonalcohol energy (continuous), using age as the underlying time metric. Multivariable Cox regression models adjusted for alcohol and nonalcohol energy intakes
(both continuous), smoking history (two categories, ever versus never), combined age at birth of first child and number of children (four categories, nulliparous,
first birth before age 30 years with one or two children, first birth at age 30 years or older, versus first birth before age 30 years with three or more children), age
at menopause (three categories, <50, >b5, versus 50-54 years), menopausal hormone use (two categories, current versus never or former) and BMI

(three categories, 25 to <30, >30, versus <25 kg/m?).

+H+ —+

Hazard ratios presented for a twofold increase in percent energy from fat.

not appreciably alter the fat-breast cancer hazard ratio in all the
energy adjustment models (Table 2). For example, in the density
model, the hazard ratio remained unchanged at 1.11 (95% CI =
1.00 to 1.24; P, = .017) for the highest compared with the lowest
quintile of total fat intake and at 1.15 (95% CI = 1.05 to 1.26) for
a twofold increase in percent energy from total fat as a continuous
variable. When we further adjusted for protein intake to estimate
the effect of substituting total fat for carbohydrates only, the haz-
ard ratio for total fat remained unchanged at 1.15 (95% CI = 1.05
to 1.26) on the continuous scale, whereas the association between
protein intake and the risk of invasive breast cancer was null (data
not shown). Moreover, when we excluded from the analysis the
first year of follow-up for all subjects to rule out an effect of early
disease on diet (a procedure that eliminated 694 cases), the associa-
tion between total fat intake and the risk of invasive breast cancer
remained statistically significant on the continuous scale.

In this population, the major fat subtype was monounsaturated
fat (ranging from 7.2% [10th percentile] to 15.2% energy [90th
percentile]; Table 3), followed by saturated fat (5.8% to 13.2%
energy), and polyunsaturated fat (4.5% to 10.3% energy). The
main food sources for saturated fat were butter and margarine
(15.7%), milk (9.6%), beef (8.5%), poultry (5.3%), and cheese
(5.1%). Major foods contributing to monounsaturated fat intake
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Two-sided Wald chi-square test for linear trend using median intake in each quintile.

were butter and margarine (15.5%), vegetable oil and salad
dressing (9.1%), cakes (7.9%), beef (8.2%), and poultry (6.0%).
Vegetable oil was the main food source of polyunsaturated fat
(20.4%), followed by butter and margarine (13.3%), and mayon-
naise (10.5%). Saturated and monounsaturated fat intakes were
highly correlated with each other (Pearson correlation coefficient
between percent energy from each subtype, 0.81) and with total fat
(0.87 and 0.97, respectively). Correlations with polyunsaturated
fat intake were slightly less (0.78 with total fat, 0.42 with saturated
fat, and 0.74 with monounsaturated fat).

In general, the association between total fat intake and the risk
of invasive breast cancer held for all subtypes of fat (Table 3). In
the energy-adjusted models, the hazard ratios of invasive breast
cancer for a twofold increase in percent energy on a continuous
scale were 1.12 (95% CI = 1.05 to 1.21) for saturated fat, 1.11
(95% CI = 1.03 to 1.21) for monounsaturated fat, and 1.10 (95%
CI = 1.02 to 1.18) for polyunsaturated fat. The corresponding
hazard ratios for animal fat and vegetable fat were 1.07 (95%
CI = 1.01 to 1.12) and 1.06 (95% CI = 1.01 to 1.12), respectively
(data not shown). The risk estimates remained virtually unchanged
after adjustment for other covariates: the hazard ratios of invasive
breast cancer for a twofold increase in percent energy on a contin-
uous scale became 1.13 (95% CI = 1.05 to 1.22) for saturated fat,
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1.12 (95% CI = 1.03 to 1.21) for monounsaturated fat, and 1.10
(95% CI = 1.01 to 1.20) for polyunsaturated fat (Table 3). When
we included all the fat subtypes (saturated, monounsaturated, poly-
unsaturated) with protein in the models to estimate the effect of
substituting the intake of a given fat subtype for carbohydrate
intake, only the association between saturated fat intake and the
risk of invasive breast cancer remained statistically significant.
When all three subtypes were considered as continuous variables,
the hazard ratios for a twofold intake increase were 1.17 (95%
CI = 1.02 to 1.34) for saturated fat, 0.91 (95% CI = 0.74 to 1.11)
for monounsaturated fat, and 1.09 (95% CI = 0.97 to 1.23) for
polyunsaturated fat (data not shown).

To correct for measurement error, we estimated the attenua-
tion factor for total fat in the density model to be 0.501 (standard
error [SE] = 0.029) from the calibration subsample. In the density
model, the uncalibrated regression coefficient (which equals the
natural logarithm of the hazard ratio) for a twofold increase in
total fat intake with respect to breast cancer was 0.1408 with a
standard error of 0.0448 (e*'*" = 1.15, the hazard ratio reported in
Table 2 for the energy-adjusted density model on the continuous
scale, and exp{0.1408 + 1.96 x 0.0448} = 1.05 to 1.26, its cor-
responding 95% CI). After correction for measurement error in
fat and energy intakes, the calibrated regression coefficient thus
became 0.1408/0.501 = 0.2810 (SE = 0.0908). Consequently, the
corrected hazard ratio of invasive breast cancer for a twofold
increase of percent energy from total fat on the continuous scale
was €10 = 1.32 (95% CI = 1.11 to 1.58). The corrected hazard
ratios of invasive breast cancer for a twofold increase of percent
energy from specific subtypes of fat were 1.20 (95% CI = 1.07 to
1.34) for saturated fat, 1.21 (95% CI = 1.05 to 1.40) for monoun-
saturated fat, and 1.34 (95% CI = 1.06 to 1.69) for polyunsaturated
fat. Figure 1 presents the continuous original (uncalibrated) and
corrected (calibrated) risk estimates for invasive breast cancer as
a function of percent energy from total fat intake.

Analyses of associations between fat intake and the risk of in-
vasive breast cancer stratified by family history of breast cancer,
history of breast biopsy, BMI, smoking history, and alcohol con-
sumption did not suggest any effect modification by these factors
(data not shown). However, we did find a statistically significant
interaction between fat intake and current use of menopausal
hormone therapy with respect to the risk of invasive breast cancer
(Table 4). Among women who were not using menopausal hor-
mone therapy at baseline, the multivariable hazard ratio for the
highest versus the lowest quintile of percent energy from total
fat was 1.25 (95% CI = 1.07 to 1.46; P,,<.001; 386 versus 306
cases per 100000 person-years). Among women in the lowest
quintile of percent energy from total fat, those who were using
menopausal hormone therapy at baseline had a higher risk of
invasive breast cancer compared with those who were not (HR =
1.72; 95% CI = 1.47 to 2.01; 501 versus 306 cases per 100000
person-years); however, the risk was not further increased as total
fat intake increased. Among the users of menopausal hormone
therapy, the hazard ratio of invasive breast cancer for those in the
highest compared with the lowest quintile of percent energy
from total fat was 1.04 (95% CI = 0.89 to 1.21; 514 versus 501
cases per 100000 person-years) (data not shown). Statistically
significant interactions were also found for saturated and mono-
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Fig. 1. Hazard ratios and 95% confidence intervals for invasive breast
cancer in association with total fat intake, before and after correction for
measurement error. Upper panel: gray dotted line = uncalibrated hazard
ratio, before correction for measurement error (plotted function y =
exp{[In(x) — In(20)] x 0.1408/In(2)}); gray broken dotted lines = uncali-
brated 95% confidence interval (plotted function y = exp{[In(x) — In(20)] x
0.1408/In(2) + 1.96 [In(x) — In(20)] x 0.0448/In(2)}); black solid line = cali-
brated hazard ratio, after correction for measurement error (plotted func-
tion y = exp{[In(x) — In(20)] x 0.2810/In(2)}); black dashed lines = calibrated
95% confidence interval (plotted function y = exp{[In(x) — In(20)] x 0.2810/
In(2) + 1.96 [In(x) — In(20)] x 0.0908/In(2)}). Vertical lines show 95% confi-
dence intervals before (gray) and after (black) correction for measure-
ment error around a twofold increase in percent energy from total
fat, with 20% energy (the median of the lowest quintile) chosen as the
reference point. The bottom panel represents the smoothed distribution
of percent energy from total fat in the study population using univariate
Gaussian kernel density estimation in SAS statistical software.

unsaturated fat but not for polyunsaturated fat (Table 4) and
were consistent across other energy adjustment methods (data
not shown).

Discussion

In this large cohort of postmenopausal US women, we detected a
direct association between dietary fat intake and the risk of invasive
breast cancer. The positive association was observed for all subtypes
of fat, and it persisted regardless of the energy adjustment method
used and after correction for measurement error.

Our results from various energy adjustment methods that
addressed the “isocaloric” substitution of fat for other energy
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sources as well as the addition of fat suggest that intake of fat,
independent of its energy content, is a risk factor for postmeno-
pausal invasive breast cancer (25). Such a conclusion is consistent
with results of Tannenbaum’s (4) landmark experiments in mice,
which showed that high-fat diets increased the incidence of breast
carcinoma compared with low-fat isocaloric diets, results that were
subsequently confirmed by other animal studies (34). However,
the relevance of animal models to human carcinogenesis remains
debatable, and our findings contradict those of many epidemio-
logic cohort studies that failed to detect an association between
dietary fat intake and the risk of breast cancer (9,10). One possible
explanation for this lack of association in some prospective studies
is that they had limited statistical power because of narrow ranges
of fat intakes in the study cohort. It has been hypothesized (35)
that a threshold effect may exist for dietary fat, such that it would
be difficult to detect an association between fat intake and breast
cancer risk in Western populations in which relatively few people
consume diets containing 20% or less of energy from fat. In Asian
populations with low fat intakes (i.e., those consuming diets that
contain 15%-20% of energy from fat), statistically significant
(36-39) and borderline statistically significant (40) associations
between fat intake and the risk of breast cancer have been shown
in some case—control studies but not in any cohort study (41,42).
However, the latter studies had small numbers of breast cancer
case subjects and thus limited statistical power to detect an associa-
tion. By contrast, a pooled analysis of seven cohort studies from
North America and northern Europe that included nearly 5000
case subjects showed no evidence of an association between intakes
of total fat or fat subtypes and the risk of breast cancer (9). The
results were essentially unchanged after these cohorts were
updated and another US cohort was added (yielding 7329 breast
cancer case subjects) (10). In these pooled analyses, however, only
a small proportion of subjects (fewer than 2% of those diagnosed
with breast cancer) reported consuming a diet that contained less
than 20% of energy from total fat (9).

Compared with previous cohort studies, the NIH-AARP Diet
and Health Study was larger and, presumably, had a wider range of
fat intake, with 10% of the cohort participants and 289 breast can-
cer case subjects reporting that they consumed diets that contained
less than 20% of energy from fat. It could be argued that the
apparently wider range of intake in the NIH-AARP cohort is
due to FFQ-based measurement error. We note, however, that,
although measurement error in general artificially increases the
range of reported, as opposed to true, intake (43), the FFQ mea-
surement error in the NIH-AARP cohort is comparable to that
for the FFQs in other cohorts (18). Therefore, it is unlikely that
the relatively wider range of fat intake in the NIH-AARP cohort
is due to measurement error; it more likely reflects the diversity of
the study population (15) and the increasing consumption of low-
fat foods in recent decades (44,45).

It is informative to consider our findings in light of the recently
reported results from the WHI (12). Although the WHI findings
were suggestive of a direct association between the risk of invasive
breast cancer and a high-fat diet, the trial had limited statistical
power to show a statistically significant reduction in invasive breast
cancer incidence between the intervention and control groups
because only 14.4% of the women in the intervention group
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reached the dietary target of 20% of energy from fat (12). It is
interesting that, in the WHI, women who reported the highest
levels of fat intake at baseline (i.e., those who consumed diets
containing >36.8% of energy from fat), and therefore may have
achieved the greatest reduction in fat intake, had a statistically sig-
nificant decreased risk of breast cancer (12). This result further
suggests that a sufficient variability in fat intake is important for
detecting associations between fat intake and the risk of breast
cancer.

Our findings are consistent with those of three recent cohort
studies (46-48) that assessed fat intake by using dietary assessment
methods that are potentially superior to the traditional FFQ alone.
A cohort study of postmenopausal Swedish women found a direct
association between the risk of breast cancer and intakes of total,
monounsaturated, and polyunsaturated fat, which were assessed by
using both a 7-day menu book and an FFQ (46). In the Norfolk
cohort of the European Prospective Investigation into Cancer and
Nutrition, statistically significant positive associations were found
between the risk of breast cancer and both total and saturated fat
intakes, which were assessed by 7-day food diaries, but these asso-
ciations were not statistically significant when intakes were assessed
by FFQ (47). More recently, in the control group of the WHI
Randomized Controlled Dietary Modification Trial, statistically
significant positive associations with the risk of breast cancer were
observed for intakes of total, monounsaturated, and polyunsatu-
rated fat, which were measured by 4-day food records, whereas
the comparable associations based on intakes measured by an FFQ
were null (48).

Previous studies have suggested that, of the various subtypes
of fat, intakes of saturated fat may be the most strongly related to
breast cancer risk (11,47,49). The most recent meta-analysis of the
published literature on dietary fat and breast cancer risk (11) found
a statistically significantly increased risk of breast cancer among
women consuming the highest compared with the lowest amounts
of saturated fat in the combined cohort studies (HR = 1.15; 95%
CI = 1.02 to 1.30), whereas the risk increases were not statistically
significant for monounsaturated fat (HR = 1.10; 95% CI = 0.83 to
1.44) or polyunsaturated fat (HR = 1.11; 95% CI = 1.00 to 1.22).
In the NIH-AARP cohort, we found that intakes of total fat as
well as intakes of all subtypes of fat were positively associated with
the risk of breast cancer. When the subtypes of fat were mutually
adjusted, only the association between saturated fat intake and
breast cancer risk remained statistically significant. However, it is
difficult to interpret this finding because of the high correlation
between saturated and monounsaturated fat intakes, which shared
several common food sources in this population (i.e., butter and
margarine, beef, and poultry), and potentially because of the high
correlation between their measurement errors. When we adjusted
for the foods or food groups that contributed to dietary intakes
of saturated and monounsaturated fat (i.e., total, red, white, and
processed meat, as well as total dairy products, milk, yogurt, and
cheese), the statistically significant associations between dietary
fat and breast cancer risk remained. Therefore, the association
we found in the NIH-AARP cohort was not clearly driven by a
specific fat subtype or food group.

If the association is causal, dietary fat could influence the initia-
tion and growth of breast tumors through several mechanisms,
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including the stimulation of endogenous steroid hormone produc-
tion (50), the modulation of immune function (51), and the regula-
tion of gene expression (52). The steroid hormone pathway is a
particularly plausible explanation because most of the established
epidemiologic risk factors for breast cancer are related to altera-
tions in endogenous hormone metabolism (53), and high levels
of serum sex hormones have been demonstrated as risk factors
for breast cancer (54,55). There are some indications in the litera-
ture that a reduction in fat intake is associated with a decrease in
the concentrations of bioavailable serum sex hormones (50,56),
although it is difficult to separate the effects of fat reduction
from those resulting from simultaneous dietary modification
and weight loss (12,57). The statistically significant interaction we
found between menopausal hormone use and fat intake supports
the notion that hormones mediate an association between dietary
fat and the risk of breast cancer. In postmenopausal women who
were not using hormone therapy, high fat intake could have
increased levels of bioavailable estrogens, thus increasing the risk
of breast cancer. In postmenopausal women who were using hor-
mone therapy, the increase in sex hormones resulting from high
fat intake would have been small relative to the already high levels
of serum hormones derived from exogenous therapy. Among
women in the lowest quintile of fat intake, the multivariable haz-
ard ratio for invasive breast cancer for menopausal hormone users
compared with nonusers was 1.72 (95% CI = 1.47 to 2.02). This
finding suggests that exogenous hormone use, even among women
who have a low fat intake, may be associated with a greater risk of
breast cancer than high dietary fat intake (HR = 1.25, 95% CI =
1.07 to 1.46 for high-fat consumers who did not use menopausal
hormone therapy). We verified that neither BMI nor age was an
explanation for the observed interaction. To our knowledge, this
is the first report of an interaction between dietary fat intake and
menopausal hormone therapy with respect to breast cancer risk.
Further studies of this interaction are warranted, especially studies
that can distinguish among different hormone therapy regimens.
It is unclear whether the failure to take into account this interac-
tion with menopausal hormone therapy may explain the null
results reported in some earlier cohort studies (9,10).

Two study limitations need to be considered. First, although
we cannot rule out the possibility of spurious associations due to
the presence of unmeasured confounders, the estimates yielded
by parsimonious multivariable models were quite close to those
from energy-adjusted models. When we added other potential
breast cancer risk factors to the parsimonious models, the observed
associations between fat intake and the risk of breast cancer were
essentially unchanged.

Second, measurement error in FFQ-reported dietary intake,
which remains one of the major problems in nutritional epidemiol-
ogy, could have affected our results. When we adjusted for mea-
surement error in fat and energy intakes, we found statistically
significant hazard ratios of invasive breast cancer for intakes of total
fat and subtypes of fat that were as high as 1.34. Indeed, the size of
the NIH-AARP calibration substudy, which was larger than that
in most previously published cohort studies, allowed us to estimate
measurement error correction factors with substantial precision.
Consequently, in our study, although the 95% confidence intervals
for the corrected hazard ratios were somewhat larger than those for
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the uncorrected hazard ratios because of the uncertainty in the esti-
mated correction factors, they still reflect a statistically significant
direct association between dietary fat intake and breast cancer risk.

Moreover, we acknowledge that the use of 24HRs to correct
for measurement error may not accurately adjust for the error in
the FFQ because the self-reported recalls may involve systematic
errors that are correlated with errors in the FFQ (58). However,
evidence from the Observing Protein and Energy Nutrition
(OPEN) study, in which protein and energy intakes that were
assessed using 24HRs and a FFQ were compared with those
obtained from urinary nitrogen and doubly labeled water, respec-
tively, as dietary biomarkers, suggests that measurement error
correction that is based on the 24HRs would be in the right direc-
tion but may still underestimate the true hazard ratio (43). To get
an idea of the magnitude of a more fully corrected hazard ratio for
total fat, we used estimates of the attenuation factors for female
participants in the OPEN study. For both protein and nonprotein
intakes expressed as percent of energy intake, the attenuation fac-
tors were estimated to be 0.35 when the 24HRs were used as the
reference instrument and 0.47 when biomarker measurements
were used as the reference (43). Assuming that total fat as a mac-
ronutrient would behave similarly to protein and nonprotein and
that the OPEN study population was similar to the NIH-AARP
cohort, we calculated that the attenuation factor of 0.501 that we
estimated using 24HRs may be closer to 0.501 x [1 - (0.47 -
0.35)/0.47] = 0.373 [a smaller value means greater attenuation
(32)]. In that case, the hazard ratio of 1.15 that we estimated for a
twofold increase in percent energy from total fat in our study
would be comparable to a hazard ratio of 1.46.

In conclusion, we detected an association between dietary fat—
both total fat and the major subtypes of fat—and the risk of breast
cancer in a large cohort of postmenopausal US women with a wide
range of fat intake. Further work is needed to fully understand the
measurement error structure in the assessment of dietary intakes of
fat, other macronutrients, and total energy to provide a better pic-
ture of the true magnitude of the association. Meanwhile, results
from this large prospective cohort with a wide intake range should
contribute to the ongoing debate about the association between
dietary fat and the risk of breast cancer.
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