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The authors prospectively examined the relation of fruit and vegetable intake to breast cancer risk among 51,928
women aged 21-69 years at enroliment in 1995 in the Black Women'’s Health Study. Dietary intake was assessed
by using a validated food frequency questionnaire. Cox proportional hazards models were used to estimate
incidence rate ratios and 95% confidence intervals, adjusted for breast cancer risk factors. During 12 years of
follow-up, there were 1,268 incident cases of breast cancer. Total fruit, total vegetable, and total fruit and vegetable
intakes were not significantly associated with overall risk of breast cancer. However, total vegetable consumption
was associated with a decreased risk of estrogen receptor-negative/progesterone receptor-negative breast cancer
(incidence rate ratio = 0.57, 95% confidence interval: 0.38, 0.85, for >2 servings/day relative to <4/week; Pyeng =
0.02). In addition, there was some evidence of inverse associations with breast cancer risk overall for cruciferous
vegetable intake (Pyeng = 0.06) and for carrot intake (Pyeng = 0.02). Study findings suggest that frequent con-
sumption of vegetables is inversely associated with risk of estrogen receptor-negative/progesterone receptor-
negative breast cancer, and that specific vegetables may be associated with a decreased risk of breast cancer

overall.

African Americans; Brassicaceae; breast neoplasms; carotenoids; fruit; risk; vegetables; women

Abbreviations: Cl, confidence interval; ER, estrogen receptor; FFQ, food frequency questionnaire; IRR, incidence rate ratio; NClI,
National Cancer Institute; PR, progesterone receptor; +, positive; —, negative.

Fruits and vegetables are rich sources of carotenoids, fla-
vonoids, and glucosinolates, which are potentially protec-
tive against cancer (1-3). Numerous studies have examined
the association between fruit and vegetable consumption
and breast cancer risk, but results have been inconclusive.
A pooled analysis of 8 cohort studies found no overall as-
sociation between fruit and vegetable intake and breast can-
cer risk (4). The European Prospective Investigation into
Cancer and Nutrition study also had null findings for total
fruit and vegetable intake (5). However, there is some evi-
dence that specific subclasses of vegetables, such as crucif-
erous and carotenoid-rich vegetables, may be inversely
associated with risk of breast cancer (6-8).

Molecular subtypes of breast cancer may have biologi-
cally distinct etiologies (9, 10), and there is increasing ev-

idence that breast cancer risk factors may differ by breast
cancer subtype (11-14). Four epidemiologic studies have
examined the association between intake of fruits and veg-
etables and breast cancer risk according to estrogen receptor
(ER) or progesterone receptor (PR) status. Two cohort stud-
ies reported an inverse association between fruits and veg-
etables and ER-negative (—) but not ER-positive (+4) breast
cancer (15, 16), whereas 2 case-control studies observed an
inverse association with ER+ but not with ER— breast can-
cer (17, 18).

African-American women are more likely than white
women to be diagnosed with ER—/PR— tumors, which are
associated with increased 5-year mortality (19). Although
black women consume fewer vegetables overall than white
women (20), they tend to consume greater amounts of
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cruciferous vegetables (21). No epidemiologic studies have
assessed breast cancer risk in relation to fruit and vegetable
intake separately among African-American women. How-
ever, in our report from the Black Women’s Health Study,
we found that a ““prudent” dietary pattern—rich in vegeta-
bles, fruits, whole grains, and fish—was inversely associated
with both premenopausal breast cancer and ER—/PR—
breast cancer among African-American women (22), con-
sistent with results from previous studies (23). In the present
report, we investigated whether fruit and vegetable intake
accounted for the association of breast cancer risk with
a prudent dietary pattern in the Black Women’s Health
Study. In addition, because specific fruits and vegetables
may have an important protective effect, we evaluated the
relation between subclasses of fruits and vegetables and
breast cancer risk.

MATERIALS AND METHODS
Study population

The Black Women’s Health Study is an ongoing prospec-
tive follow-up study of black women in the United States.
The study was established in 1995 when women from all
regions of the United States were enrolled through postal
questionnaires (24). The baseline questionnaire collected
information on lifestyle factors and medical history, and
usual diet was assessed through a food frequency question-
naire (FFQ). A total of 59,000 women aged 21-69 years
have been followed through mailed questionnaires every
2 years. Follow-up questionnaires update exposure informa-
tion and identify incident cancers and other illnesses.
Follow-up has averaged over 80% of the baseline cohort
over 6 questionnaire cycles. We excluded women with a his-
tory of breast cancer (n = 732) or other cancer except non-
melanoma skin cancer (n = 743) at baseline, as well as
participants who had left more than 10 FFQ items blank
(n = 1,954), had missing or implausible energy intake
values (<500 or >3,800 kcal) (n = 3,536), or were missing
all fruit or vegetable items (n = 134). After these exclusions,
51,928 women remained in the present analysis.

Assessment of breast cancer

Incident cases of breast cancer were ascertained through
self-report on biennial follow-up questionnaires between
1995 and 2007. We obtained medical record or cancer reg-
istry data for 85% of cases, and of these, 99% were con-
firmed. Given the high confirmation rate, we included all
self-reported cases, except those that were disconfirmed. We
learned of deaths from family members, the US Postal Ser-
vice, and searches of the National Death Index for nonre-
spondents. Information on ER and PR status was obtained
through abstraction of medical records and cancer registry
data and was available for 59% of cases.

Dietary assessment

We assessed usual diet at baseline in 1995 with a 68-item
modified version of the National Cancer Institute (NCI)—
Block FFQ and, in 2001, with an 85-item version (25).
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The 9 frequency responses ranged from never or <1 serv-
ing/month to >2/day. In 1995, we asked participants to
specify a small, medium, or large portion size. A medium
portion size was defined for each item (e.g., 0.5 cup (71 g)
of broccoli), and small and large servings were weighted as
0.5 and 1.5 times a medium serving size, respectively. In
2001, a super-sized portion, equivalent to 2 or more times
the size of medium, was added. Nutrients were calculated by
using NCI's DIETSYS software (26) for the 1995 FFQ and
by using NCI’s Diet*Calc software (27) for the 2001 FFQ.
The FFQ was validated among 408 participants by using
a 3-day dietary record and up to 3 telephone 24-hour recalls
(28). Energy-adjusted and deattenuated Pearson’s correla-
tion coefficients for the FFQ compared with diet records and
recalls were 0.60, 0.60, and 0.64 for vitamin C, folate, and
[-carotene, respectively.

The 1995 FFQ included 5 questions on fruit consumption
and 8 questions on vegetable consumption. We summed
daily intakes of those fruits and vegetables on the 1995
and 2001 FFQs to calculate total intake. We also evaluated
specific groups of fruits and vegetables classified according
to botanical taxonomy (29). Cruciferous vegetables in-
cluded broccoli, collard or mustard greens, and cabbage or
cole slaw; green leafy vegetables included spinach and
green salad; yellow-orange vegetables included carrots, to-
matoes or tomato juice, and sweet potatoes or yams. Citrus
fruit comprised grapefruit and oranges; other fruit com-
prised apples or pears, bananas, and cantaloupe.

Assessment of nondietary exposures

Information on education, age at menarche, weight at age
18 years, and height was obtained at baseline. Data on
current weight, physical activity, smoking status, alcohol
intake, parity, age at first birth, oral contraceptive use, age
at menopause, menopausal hormone use, and multivitamin
use were obtained at baseline and have been updated on
biennial follow-up questionnaires. First-degree family his-
tory of breast cancer was asked on the 1995 and 1999 ques-
tionnaires. Women who reported a hysterectomy but
retained 1 or both ovaries were classified as premenopausal
if their current age was less than the 10th percentile of age
at natural menopause in the Black Women’s Health Study
(43 years), as postmenopausal if their age was greater than
the 90th percentile of age at natural menopause in the co-
hort (56 years), and as uncertain menopausal status between
the ages of 43 and 56 years.

Statistical analysis

Participants contributed person-years from the beginning
of follow-up on March 1, 1995, until diagnosis of breast
cancer, death, loss to follow-up, or end of follow-up on
March 1, 2007, whichever occurred first. Cox proportional
hazards models, jointly stratified by age in 1-year intervals
and by questionnaire cycle, were used to estimate incidence
rate ratios and 95% confidence intervals for breast cancer
risk in relation to fruit and vegetable intake. To reduce
within-person variation and better represent long-term in-
take, we assessed cumulative average intake (30). Con-
sumption at baseline was assessed in relation to breast
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cancer incidence between 1995 and 2001, and the average of
1995 and 2001 consumption was assessed in relation to
breast cancer incidence between 2001 and 2007; results
using baseline diet only were similar. Separate items for
grapefruit and oranges on the 1995 FFQ were included as
a single item on the 2001 FFQ, and therefore in analyses of
individual fruits and vegetables, incidence rate ratios for
grapefruit and oranges were estimated by using the baseline
diet only.

Multivariable models were adjusted for energy intake
(quintiles), age at menarche (<12, 12-13, >14 years), body
mass index at age 18 years (<20, 20-24, >25 kg/mz), fam-
ily history of breast cancer (mother or sister), education
(L12, 13-15, >16 years), geographic region (Northeast,
South, Midwest, West), parity (0, 1, 2, >3 births), age at
first birth (<20, 20-24, >25 years), oral contraceptive use
(never, use in previous 5 years, use >5 years ago), meno-
pausal status (postmenopausal, premenopausal, uncertain),
age at menopause (<45, 45-49, >50 years), menopausal
hormone use (never, ever use <5 years’ duration, >5
years’ duration), vigorous activity (none, 1-4, >5 hours/
week), smoking status (never, past, current), alcohol intake
(none, 1-3, 4-6, >7 drinks/week), and multivitamin use
(current, not current). Parity, oral contraceptive use, men-
opausal status, menopausal hormone use, vigorous activ-
ity, smoking status, alcohol intake, and multivitamin use
were treated as time-dependent variables in the analysis.

“Prudent” and “Western” dietary patterns were derived
by factor analysis, as described previously (22). The prudent
dietary pattern, which was most highly correlated with in-
takes of vegetables, fruit, whole grains, and fish, was in-
versely associated with breast cancer risk among some
subgroups of women in the Black Women’s Health Study
(22). Therefore, in sensitivity analyses, we adjusted the mul-
tivariable models assessing fruit and vegetable intake in re-
lation to breast cancer risk for the other major components
of a prudent dietary pattern, that is, for quintiles of whole
grains and fish.

Tests for trend were conducted by using the median of
each category modeled as a continuous variable. We as-
sessed whether the association between fruit and vegetable
intake and breast cancer risk was modified by menopausal
status (premenopausal, postmenopausal), age (<50, >50
years), body mass index (<25, 25-29, >30 kg/mz), smoking
status (never, past, current), and multivitamin use (current,
not current). Tests for interaction were performed by using
a likelihood ratio test that compared models with and with-
out interaction terms.

RESULTS

Baseline characteristics of the study participants accord-
ing to total fruit intake and total vegetable intake are pre-
sented in Table 1. Women who consumed more fruits or
vegetables were more likely to be older, to live in the north-
eastern and western regions of the United States, to be phys-
ically active and nonsmokers, and to take multivitamins.
Educational level was positively associated with vegetable
consumption.

During 554,528 person-years of follow-up, we identified
1,268 cases of breast cancer; 562 cases (44%) were premen-
opausal, 570 (45%) were postmenopausal, and 136 (11%)
had uncertain menopausal status. Among 745 cases with
known hormone receptor status, 366 (49%) were ER+/
PR+, 103 (14%) were ER+/PR—, 12 (2%) were ER—/
PR+, and 264 (35%) were ER—/PR—. Among 310 premen-
opausal cases with known receptor status, 47% were ER+/
PR+, 12% were ER+/PR—, 2% were ER—/PR+, and 39%
were ER—/PR—; among 341 postmenopausal cases with
known receptor status, the corresponding percentages were
50%, 16%, 2%, and 32%. Cases with known and unknown
hormone receptor status were similar with respect to fruit
and vegetable intake, age, education, and other lifestyle and
reproductive factors.

Median intakes of total fruit and total vegetables were 0.7
servings/day and 1.0 servings/day, respectively. Total fruit,
total vegetable, and total fruit and vegetable intakes were
not significantly associated with breast cancer risk overall
(Table 2). The multivariable incidence rate ratios were 0.87
(95% confidence interval (CI): 0.71, 1.07) for >4 servings/
day of fruits and vegetables relative to <1/day, 0.87 (95%
CI: 0.73, 1.05) for >2 servings/day of vegetables compared
with <4/week, and 0.91 (95% CI: 0.74, 1.11) for >2 serv-
ings/day of fruits relative to <2/week. However, there was
an inverse association with cruciferous vegetable intake;
the incidence rate ratios for 1-2, 3-5, and >6 servings/
week compared with <1/week were 0.94 (95% CI: 0.80,
1.11), 1.01 (95% CI: 0.84, 1.21), and 0.80 (95% CI: 0.65,
0.99), respectively (Pyena = 0.06). The association was
stronger among premenopausal women (incidence rate
ratio (IRR) = 0.59, 95% CI: 0.42, 0.83, for >6 servings/
week relative to <1/week), whereas there was no evi-
dence of an association among postmenopausal women
(Pinteraction = 0.007). However, when we excluded women
who had ever used menopausal hormones, there was
a nonsignificant inverse association between cruciferous
vegetable intake and risk of postmenopausal breast cancer
(IRR = 0.74, 95% CI: 0.43, 1.26, for >6 servings/week
relative to <1/week). There was also some evidence of an
inverse association between yellow-orange vegetable in-
take and breast cancer risk overall; the incidence rate ratio
was 0.87 (95% CI: 0.72, 1.05) for >6 servings/week com-
pared with <1/week (Pyeng = 0.13). Results for yellow-
orange vegetable intake did not differ significantly by
menopausal status (Pjeraction = 0.88).

Because of the previous finding of an inverse association
between a prudent dietary pattern and breast cancer risk
among subgroups of women in the Black Women’s Health
Study (22), in a subanalysis of fruit and vegetable intake in
relation to breast cancer risk, we controlled for the other
major components of a prudent dietary pattern, that is, whole
grains and fish. The results were unchanged (data not shown).

There was no evidence of effect modification of fruit and
vegetable intake in relation to breast cancer risk according
to age, body mass index, smoking status, or multivitamin
use (data not shown).

Table 3 presents results for individual vegetables and fruit
in relation to breast cancer risk overall and according to
menopausal status. The incidence rate ratios for the highest
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Table 1. Baseline Characteristics According to Intake of Fruits and Vegetables in the Black Women’s Health Study, 1995

Total Fruit Intake, Servings

Total Vegetable Intake, Servings

Characteristic® <2/Week 2-6/Week 1/Day >2/Day <4/Week 4-6/Week 1/Day >2/Day
No. % Mean No. % Mean No. % Mean No. % Mean No. % Mean No. % Mean No. % Mean No. % Mean
No. 13,142 18,282 13,178 7,326 14,509 11,698 15,441 10,280
Age, years 35.5 38.0 40.6 42.3 35.6 38.2 39.9 41.5
Age at menarche, 12.3 12.3 12.3 12.3 12.4 12.3 12.3 12.3
years
Body mass index at 21.2 21.5 21.5 21.6 21.3 21.4 21.5 21.6
age 18 years,
kg/m?
Body mass index, 27.7 28.0 27.9 27.9 27.9 27.9 27.9 27.9
kg/m?
Family history of 6.5 6.2 6.7 6.4 6.4 6.3 6.4 6.8
breast cancer
Education >16 years 42.5 46.8 48.2 45.7 404 45.0 48.7 50.5
Region®
Northeast 26.8 26.7 27.7 30.5 22.9 26.3 29.2 32.8
South 31.3 30.4 30.5 28.4 33.3 314 29.2 26.8
Midwest 24.6 23.8 22.2 21.4 26.4 24.3 21.9 19.7
West 17.3 19.0 194 19.6 174 17.8 19.6 20.5
Nulliparous 36.4 35.9 36.5 35.2 35.4 35.7 36.1 37.8
Age at first birth 27.3 30.5 30.5 29.1 26.1 28.7 31.0 30.8
>25 years®
Oral contraceptive 32.0 32.9 32.0 28.5 32.3 325 32.7 28.7
use >5 years
Vigorous activity 8.5 11.9 16.9 21.2 9.4 1.1 14.4 21.0
>5 hours/week
Current smoker 21.7 16.1 12.7 12.3 17.3 16.7 15.0 14.6
Alcohol >7 drinks/ 7.9 5.6 4.4 4.2 53 5.7 5.6 57
week
Multivitamin use 41.0 48.1 55.3 59.7 42.7 47.3 52.7 58.4
Total energy, kcal 1,439 1,553 1,670 1,872 1,355 1,507 1,675 1,924

2 All characteristics, with the exception of age, are standardized to the age distribution of the cohort at baseline.
b Percentages do not total 100% because of missing data.
¢ Restricted to parous women.
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Table 2. Intake of Fruits and Vegetables in Relation to Risk of Breast Cancer in the Black Women’s Health Study, 1995-2007
All Women Premenopausal Women Postmenopausal Women
Cases, Person |mR* IRR®  95%Cl  C3%S  RR® g%l C2%S e 959 Cl
Total fruits and vegetables,
servings
<1/day 222 125,279 1.00 1.00 Referent 121 1.00 Referent 78 1.00 Referent
1/day 365 164,217 1.01 1.00 0.85,1.19 186 1.08 0.86,1.37 133 0.80 0.60,1.06
2-3/day 474 184,590 0.98 0.97 0.82,1.15 186 0.98 0.77,1.25 244 0.89 0.68,1.16
>4/day 207 80,442 0.87 0.87 0.71,1.07 69 0.90 0.65,1.23 115 0.76 0.56, 1.04
Pirend 0.14 0.31 0.24
Pinteraction 0.40
Total vegetables, servings
<4/week 261 140,397 1.00 1.00 Referent 141 1.00 Referent 95 1.00 Referent
4-6/week 283 128,079 097 0.96 0.81,1.14 136 0.97 0.76,1.23 114 0.87 0.66,1.15
1/day 449 175,086 1.00 0.99 0.84,1.16 187 097 0.77,1.22 209 091 0.71,1.17
>2/day 275 110,965 0.88 0.87 0.73,1.05 98 0.82 0.62,1.08 152 0.86 0.65,1.14
Prrend 0.14 0.15 0.47
Pinteraction 0.82
Cruciferous, servings
<1/week 202 109,756 1.00 1.00 Referent 113 1.00 Referent 67 1.00 Referent
1-2/week 526 233,548 0.94 0.94 0.80,1.11 243 093 0.75,1.17 227 093 0.71,1.28
3-5/week 350 128,914 1.00 1.01 0.84,1.21 155 112 0.87,1.44 156  0.89 0.66,1.20
>6/week 190 82,310 0.80 0.80 0.65,0.99 51 0.59 0.42,0.83 120 0.94 0.68,1.28
Pirend 0.06 0.01 0.86
Pinteraction 0.007
Green leafy, servings
<1/week 275 140,934 1.00 1.00 Referent 138 1.00 Referent 113 1.00 Referent
1-2/week 402 179,738 0.97 0.96 0.82,1.12 183 094 0.75,1.17 172 092 0.72,1.16
3-5/week 379 150,169 098 0.96 0.82,1.13 164 099 0.79,1.26 168 0.84 0.66,1.07
>6/week 212 83,687 091 0.90 0.75,1.09 77 084 0.62,1.12 117 0.92 0.70,1.21
Prrend 0.32 0.34 0.65
Pinteraction 0.45

categories of consumption of each cruciferous vegetable
(broccoli, collard greens, and cabbage), though not signifi-
cant, were each compatible with a decreased risk of breast
cancer overall. Carrot intake was inversely associated with
overall breast cancer risk; the incidence rate ratio was 0.83
(95% CI: 0.67, 1.04) for >3 servings/week relative to <1/
month (Peng = 0.02).

Total vegetable intake was associated with a significant
reduction in risk of ER—/PR— breast cancer (Table 4); the
incidence rate ratios were 0.71 (95% CI: 0.50, 1.01), 0.79
(95% CI: 0.57, 1.10), and 0.57 (95% CI: 0.38, 0.85) for 4-6
servings/week, 1/day, and >2/day, respectively, compared
with <4/week (Pyeng = 0.02). Conversely, for ER+/PR-+
breast cancer, the incidence rate ratios for total vegetable
intake were above 1; the corresponding incidence rate ratios
were 1.40 (95% CI: 0.99, 1.99), 1.54 (95% CI: 1.11, 2.14),
and 1.41 (95% CI: 0.97, 2.04). For ER —/PR— breast cancer,

Table continues

there was a reduced risk for higher levels of intake for each
vegetable subclass, but the confidence intervals were com-
patible with 1. For ER+/PR+ and ER+/PR— breast cancer,
there was no consistent pattern by type of vegetable. Neither
citrus fruit nor other fruit was materially associated with risk
of breast cancer subtypes. Results are not presented for
ER—/PR+ breast cancer because the number of cases was
too small for meaningful interpretations. Results for ER—
breast cancer were similar to those for ER—/PR— breast
cancer, and results for ER+ breast cancer were similar to
those for ER+/PR+ breast cancer (data not shown). We had
limited power to evaluate associations jointly by ER/PR
status and menopausal status, but results for breast cancer
hormone receptor subtypes appeared to be similar across
menopausal status (data not shown).

When individual vegetables and fruit were considered in
relation to breast cancer risk according to ER/PR status

Am J Epidemiol 2010;172:1268—-1279
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Table 2. Continued

All Women Premenopausal Women Postmenopausal Women
c‘;‘\f:_s’ sz‘r’;‘ IRR® IRR®  95%Cl Cases, g 959 cl C‘;‘\lsoe_s’ IRR®  95% Cl
Yellow-orange, servings
<1/week 359 169,476 1.00 1.00 Referent 182 1.00 Referent 132 1.00 Referent
1-2/week 463 198,255 091 0.90 0.78,1.03 210 091 0.74,1.11 204 0.88 0.70,1.10
3-5/week 267 116,244 0.82 0.81 0.68,0.95 103 0.76 0.59,0.98 138 0.84 0.66,1.08
>6/week 179 70,552 0.88 0.87 0.72,1.05 67 0.83 0.62,1.12 96 092 0.70,1.22
Pirend 0.13 0.12 0.77
Pinteraction 0.88
Total fruits, servings
<2/week 239 129,616 1.00 1.00 Referent 137 1.00 Referent 77 1.00 Referent
2-6/week 440 208,291 0.94 0.94 0.80,1.10 205 0.87 0.70,1.08 179 094 0.72,1.23
1/day 404 145,174 1.05 1.04 0.88,1.23 150 0.97 0.76,1.23 215 1.09 0.83,1.43
>2/day 185 71,446 0.89 0.91 0.74,1.11 70 1.00 0.74,1.35 99 0.86 0.63,1.18
Prrena 0.69 0.66 0.55
Pinteraction 0.57
Citrus, servings
<1/week 585 277,060 1.00 1.00 Referent 270 1.00 Referent 244 1.00 Referent
1-2/week 321 138,685 1.01 1.00 0.88,1.16 153  1.11  0.91,1.35 141 0.96 0.78,1.18
3-5/week 250 89,114 1.10 1.15 0.99,1.34 86 1.03 0.81,1.32 135 1.19 0.96, 1.47
>6/week 112 49,678 0.88 0.90 0.73,1.11 53 1.20 0.88,1.62 50 0.74 0.54,1.01
Prrend 0.83 0.30 0.27
Pinteraction 0.05
Other fruit, servings
<2/week 345 190,232 1.00 1.00 Referent 191 1.00 Referent 116 1.00 Referent
2-4/week 361 155,521 1.05 1.04 0.89, 1.21 160 0.97 0.78,1.20 159 1.07 0.84,1.36
5-8/week 308 120,172 1.00 1.00 0.85,1.17 128 1.04 0.83,1.31 146 093 0.72,1.19
>9/week 254 88,603 1.00 1.01 0.85,1.19 83 1.02 0.78,1.33 149 1.02 0.79, 1.32
Pirend 0.91 0.75 0.88
Pinteraction 0.63

Abbreviations: Cl, confidence interval; IRR, incidence rate ratio.
@ Adjusted for age and energy intake.

b Adjusted for age, energy intake, age at menarche, body mass index at age 18 years, family history of breast cancer, education, geographic
region, parity, age at first birth, oral contraceptive use, menopausal status, age at menopause, menopausal hormone use, vigorous activity,

smoking status, alcohol intake, and multivitamin use.

(data not shown), the incidence rate ratios were less than 1
for the association of ER—/PR— breast cancer with the
highest intake categories of broccoli, collard greens, cab-
bage, spinach, green salad, and yams, but only the incidence
rate ratio for intake of yams >1/week relative to <1/month
was statistically significant (IRR = 0.59, 95% CI: 0.35,
0.98). There were no consistent trends for ER+/PR+ or
ER+/PR— breast cancer.

DISCUSSION

In this large prospective study of African-American
women, total vegetable intake was associated with a signif-

Am J Epidemiol 2010;172:1268-1279

icant decrease in risk of ER—/PR— breast cancer, and in-
verse associations were observed for most vegetable types.
There was also evidence suggesting that intakes of crucif-
erous vegetables and carrots may be inversely associated
with risk of breast cancer overall.

Our findings are consistent with those from the few pro-
spective studies that have reported on the association be-
tween total fruit and vegetable intake and breast cancer by
ER or ER/PR status. Among postmenopausal women in the
Nurses’ Health Study, the fruit and vegetable components of
dietary patterns were associated with a decreased risk of
ER— breast cancer (15, 31). A cohort study of postmeno-
pausal women in Denmark showed an inverse association
between fruit and vegetable intake and ER— but not ER+
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Table 3. Intake of Individual Fruits and Vegetables in Relation to Risk of Breast Cancer in the Black Women'’s Health Study, 1995-2007

All Women Premenopausal Women Postmenopausal Women
Cases, Person |mre IRR®  9s%Cl 2% pre  gsnct O3S ppe g%l
Cruciferous vegetables
Broccoli, servings
<1/month 88 46,088 1.00 1.00 Referent 44 1.00 Referent 34 1.00 Referent
1-3/month 485 226,018 094 0.92 0.74,1.16 235 0.96 0.69,1.33 204 090 0.62,1.30
1-2/week 436 168,646 1.02 0.99 0.79,1.25 189 1.00 0.71,1.39 195 0.93 0.64,1.34
>3/week 259 113,776 0.87 0.85 0.67, 1.09 94 074 0.51,1.07 137 091 0.62,1.34
Pirend 0.19 0.03 0.92
Pinteraction 0.37
Collard greens, servings
<1/month 152 96,375 1.00 1.00 Referent 86 1.00 Referent 50 1.00 Referent
1-3/month 746 309,578 1.13 1.14 0.96,1.36 348 122 0.96,1.55 317 1.07 0.79,1.45
1-2/week 267 99,724 110 1.11 0.91,1.37 95 111 0.82,1.49 145 1.14 0.82,1.58
>3/week 103 48,851 0.81 0.84 0.65,1.08 33 0.81 0.54,1.21 58 0.85 057,125
Pirend 0.03 0.11 0.22
Pinteraction 0.70
Cabbage, servings
<1/month 241 136,035 1.00 1.00 Referent 124 1.00 Referent 87 1.00 Referent
1-3/month 781 324,155 1.05 1.05 0.91,1.22 361 117 0.95,1.43 340 095 0.75,1.21
1-2/week 191 71,823 099 0.99 0.81,1.20 58 091 0.66,1.25 113 1.02 0.77,1.36
>3/week 55 22,515 0.87 0.88 0.66,1.19 19 099 0.61,1.62 30 0.80 052,122
Pirend 0.26 0.41 0.49
Pinteraction 0.25
Green leafy vegetables
Spinach, servings
<1/month 349 175,829 1.00 1.00 Referent 179 1.00 Referent 130 1.00 Referent
1-3/month 563 237,574 096 0.96 0.83,1.10 236 091 0.75,1.11 264 098 0.79,1.21
1-2/week 267 95,879 1.08 1.08 0.91,1.27 111 1.03 0.81,1.32 132 1.14 0.89, 1.46
>3/week 89 45245 0.78 0.79 0.62,1.00 36 0.73 0.51,1.05 44  0.84 0.59,1.19
Prrend 0.24 0.27 0.68
Pinteraction 0.94
Green salad, servings
<1/week 392 199,755 1.00 1.00 Referent 186 1.00 Referent 167 1.00 Referent
1-2/week 399 170,078 1.03 1.01 0.88, 1.16 183 1.06 0.86,1.30 174 094 0.76,1.16
>3/week 477 184,694 1.01 0.99 0.86,1.14 193 1.03 0.83,1.27 229 089 0.72,1.10
Prrend 0.80 0.86 0.29
Pinteraction 0.50
Yellow-orange vegetables
Carrots, servings
<1/month 138 72,624 1.00 1.00 Referent 80 1.00 Referent 47 1.00 Referent
1-3/month 601 244640 1.02 0.99 0.82,1.20 270 0.89 0.69,1.15 259 1.02 0.75,1.40
1-2/week 315 140,185 0.87 0.84 0.68, 1.03 123 0.69 0.51,0.92 158 0.93 0.67,1.30
>3/week 214 97,078 0.86 0.83 0.67,1.04 89 071 0.52,0.97 106 0.94 0.66,1.33
Pirend 0.02 0.03 0.49
Pinteraction 0.65
Yams, servings
<1/month 316 161,377 1.00 1.00 Referent 151 1.00 Referent 128 1.00 Referent
1-3/month 797 333,851 0.99 0.99 0.86,1.13 356 1.09 0.90,1.32 353 0.86 0.70,1.06
>1/week 155 59,300 0.90 0.90 0.74,1.10 55 1.04 0.76,1.43 89 0.82 0.62,1.08
Pirend 0.27 0.88 0.30
Pinteraction 0.20

Table continues
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Table 3. Continued

All Women Premenopausal Women Postmenopausal Women
C‘;‘f:_s’ sz‘:: IRR® IRR®  95%Cl C‘;‘\f:_s’ IRR®  95% Cl C‘;‘f:s’ IRR®  95% Cl
Tomatoes, servings
<1/month 355 169,123 1.00 1.00 Referent 172 1.00 Referent 136 1.00 Referent
1-3/month 495 222,613 094 0.92 0.80,1.06 224 090 0.73,1.10 222 099 0.80,1.23
1-2/week 275 112,208 0.95 0.93 0.79, 1.10 120 0.97 0.76,1.23 127 091 0.71,1.17
>3/week 143 50,583 1.06 1.04 0.85,1.27 46 0.84 0.60,1.18 85 1.27 0.96, 1.68
Pirend 0.56 0.56 0.13
Pinteraction 0.17
Citrus fruit
Grapefruit, servings®
<1/month 646 299,263 1.00 1.00 Referent 300 1.00 Referent 271 1.00 Referent
1-3/month 386 165,269 0.93 0.93 0.82,1.06 174 1.06 0.88,1.28 178 0.86 0.71,1.04
1-2/week 125 48,279 0.90 091 0.75,1.11 45 098 0.72,1.35 64 0.78 0.59, 1.03
>3/week 111 41,717 094 095 0.78,1.17 43 117 0.84,1.61 57 0.81 0.61, 1.09
Pirend 0.70 0.42 0.21
Pinteraction 0.21
Oranges, servings®
<1/month 252 115,467 1.00 1.00 Referent 107 1.00 Referent 113 1.00 Referent
1-3/month 492 216,910 1.09 1.09 0.94,1.27 223 1.06 0.84,1.34 216 1.18 0.94,1.48
1-2/week 247 108,490 1.01 1.02 0.85,1.21 118 1.10 0.85,1.44 105 0.96 0.73,1.26
>3/week 277 113,660 1.01 1.03 0.87,1.23 114 1.09 0.83,1.42 136 1.01  0.79, 1.31
Pirend 0.80 0.58 0.42
Pinteraction 0.39
Other fruit
Apples, servings
<1/month 130 68,431 1.00 1.00 Referent 63 1.00 Referent 51 1.00 Referent
1-3/month 447 210,573 1.04 1.02 0.84,1.25 213 1.01 0.76,1.34 182 1.02 0.74,1.39
1-2/week 321 137,210 1.01 0.99 0.80, 1.22 146 1.03 0.76,1.39 145 0.96 0.69, 1.33
>3/week 370 138,314 1.03 1.02 0.83,1.25 140 1.04 0.76,1.41 192 099 0.72,1.36
Pirend 0.98 0.79 0.87
Pinteraction 0.85
Bananas, servings
<1/month 145 81,143 1.00 1.00 Referent 77 1.00 Referent 52 1.00 Referent
1-3/month 365 176,005 1.09 1.08 0.89,1.31 191 1.05 0.81,1.37 133 1.10 0.80, 1.52
1-2/week 347 145259 1.07 1.06 0.87,1.29 142 094 0.71,1.25 168 1.16 0.84,1.58
>3/week 411 152,121 1.03 1.03 0.85,1.26 152 1.08 0.82,1.43 217 1.01  0.74,1.37
Ptrend 0.79 0.66 0.47
Pinteraction 0.40
Cantaloupe, servings
<1/month 307 172,631 1.00 1.00 Referent 167 1.00 Referent 110 1.00 Referent
1-3/month 548 232,151 1.03 1.02 0.88,1.17 238 1.00 0.82,1.23 250 0.99 0.79,1.24
1-2/week 258 96,244 1.04 1.03 0.87,1.22 104 1.05 0.82,1.35 127 097 0.75,1.26
>3/week 155 53,502 1.11 111 0.91,1.35 53 1.05 0.76,1.43 83 1.10 0.82,1.46
Pirend 0.30 0.68 0.51
Pinteraction 0.89

Abbreviations: Cl, confidence interval; IRR, incidence rate ratio.

@ Adjusted for age and energy intake.

® Adjusted for age, energy intake, age at menarche, body mass index at age 18 years, family history of breast cancer, education, geographic
region, parity, age at first birth, oral contraceptive use, menopausal status, age at menopause, menopausal hormone use, vigorous activity,
smoking status, alcohol intake, and multivitamin use.

¢ Baseline diet only.
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Table 4.

Women'’s Health Study, 1995-2007

Intake of Fruits and Vegetables in Relation to Risk of Breast Cancer by ER/PR Status in the Black

ER+/PR+ Cases

ER+/PR— Cases

ER—-/PR— Cases

Cases,

Cases,

Cases,

No. IRR? 95% CI No. IRR? 95% CI IRR? 95% CI
Total fruits and vegetables,
servings
<1/day 52 1.00 Referent 14 1.00 Referent 53 1.00 Referent
1/day 106 1.20 0.86, 1.69 28 1.13 0.59,2.17 75 0.90 0.63,1.29
2-3/day 155 1.31 0.94,1.82 37 1.10 0.58,2.09 100 0.97 0.68,1.38
>4/day 53 0.96 0.64,1.46 24 143 0.69,2.94 36 0.79 0.50, 1.24
Pirend 0.62 0.33 0.40
Total vegetables, servings
<4/week 53 1.00 Referent 16 1.00 Referent 71 1.00 Referent
4-6/week 84 1.40 0.99, 1.99 20 1.08 0.53,2.00 56 0.71 0.50, 1.01
1/day 142 154 1.11,2.14 41  1.34 0.74,2.45 93 0.79 0.57,1.10
>2/day 87 1.41 0.97,2.04 26 1.20 0.61,2.36 44 0.57 0.38,0.85
Prrena 0.25 0.59 0.02
Cruciferous vegetables,
servings
<1/week 49 1.00 Referent 11 1.00 Referent 49 1.00 Referent
1-2/week 157 1.16 0.83,1.60 41  1.24 0.63,2.44 109 0.83 0.59,1.18
3-5/week 115 1.36 0.96, 1.93 32 157 0.77,3.18 67 0.86 0.59,1.26
>6/week 45 0.80 0.52,1.23 19 1.38 0.63, 3.01 39 0.81 0.52,1.26
Pryend 0.17 0.47 0.56
Green leafy vegetables,
servings
<1/week 66 1.00 Referent 18 1.00 Referent 61 1.00 Referent
1-2/week 109 1.03 0.76, 1.41 30 1.08 0.57,1.86 100 1.08 0.78,1.49
3-5/week 125 1.25 0.92,1.71 37 1.27 0.71,2.28 65 0.77 0.54,1.11
>6/week 66 1.14 0.80, 1.63 18 1.00 0.51,1.99 38 0.80 0.52,1.22
Prrend 0.36 0.94 0.09

tumors (16). ER+/PR+ breast cancer has been shown to be
more strongly associated with hormonal risk factors than are
ER—/PR— tumors (11, 32). Therefore, modest associations
between dietary intake and breast cancer may be more read-
ily detected for ER—/PR— breast cancer, given that these
tumors are less influenced by hormonal factors.

On the other hand, 2 case-control studies observed asso-
ciations for fruit and vegetable intake with ER+ breast
cancer. The Long Island Breast Cancer Study Project
case-control study found an inverse association among post-
menopausal women between fruit and vegetable intake and
ER-+/PR+ but not ER—/PR— breast cancer (17), and a case-
control study in Poland reported an inverse association be-
tween fruit intake and breast cancer that was stronger for
ER+ tumors than for ER— tumors (18).

We previously reported a significant inverse association
between a prudent dietary pattern and ER—/PR— breast
cancer in the Black Women’s Health Study (22). The food
groups most highly correlated with a prudent dietary pattern
were vegetables, fruit, whole grains, and fish. In our current
analyses, the association between vegetable intake and risk

Table continues

of ER—/PR— breast cancer persisted after adjustment for
other major components of a prudent dietary pattern, sug-
gesting that the vegetable component of the prudent dietary
pattern is driving the inverse association of a prudent dietary
pattern with ER—/PR— breast cancer.

Most previous studies of the relation between intakes of
vegetables and fruit and breast cancer risk have been con-
ducted among predominantly white populations (4, 5). Al-
though a greater range of fruit and vegetable intake was
observed in prior studies in comparison to the Black
Women’s Health Study, evidence suggests that African-
American women consume more cruciferous vegetables
than do white women (21). Consumption of specific fruits
and vegetables, rather than total fruit and vegetable intake,
may play a greater role in breast cancer risk (6-8), and
therefore we focused our analysis on fruit and vegetable
subgroups.

No specific group of vegetables appeared to explain the
inverse association between total vegetable intake and risk
of ER—/PR— breast cancer. The estimates for frequent con-
sumption of cruciferous vegetables, green leafy vegetables,
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Table 4. Continued

ER+/PR+ Cases

ER+/PR— Cases ER—-/PR— Cases

Cases,

Cases, Cases,

No. IRR? 95% CI IRR? 95% CI IRR? 95% CI
Yellow-orange vegetables,
servings
<1/week 77 1.00 Referent 16 1.00 Referent 90 1.00 Referent
1-2/week 146 1.30 0.98,1.72 45 1.84 1.03,3.29 88 0.69 0.51,0.94
3-5/week 87 1.19 0.87,1.64 26 1.63 0.85, 3.11 53 0.69 0.49,0.99
>6/week 56 1.31 0.91,1.89 16 1.63 0.78,3.38 33 0.72 0.47,1.10
Pirend 0.37 0.56 0.21
Total fruits, servings
<2/week 61 1.00 Referent 17 1.00 Referent 53 1.00 Referent
2-6/week 130 1.04 0.77,1.42 34 093 0.52,1.68 99 0.99 0.71,1.39
1/day 122 1.18 0.86, 1.63 38 1.21 0.68,2.21 74 0.98 0.68, 1.41
>2/day 53 1.02 0.69, 1.50 14 0.84 0.40,1.76 38 1.04 0.67, 1.61
Pirend 0.80 0.87 0.88
Citrus, servings
<1/week 160 1.00 Referent 39 1.00 Referent 128 1.00 Referent
1-2/week 103 1.17 0.91,1.51 29 1.32 0.81,2.15 70 1.02 0.76,1.38
3-5/week 76 1.28 0.97,1.70 24 1.61 0.96,2.71 42 0.97 0.68,1.39
>6/week 27 0.84 0.55,1.28 11 1.33 0.67,2.64 24 1.03 0.66, 1.62
Prrend 0.88 0.24 0.95
Other fruit, servings
<2/week 91 1.00 Referent 30 1.00 Referent 73 1.00 Referent
2-4/week 99 1.08 0.77,1.38 28 0.84 0.50,1.42 84 1.20 0.87,1.64
5-8/week 100 1.16 0.86, 1.56 25 0.81 047,1.41 56 0.95 0.66, 1.36
>9/week 76 1.12 0.81,1.55 20 0.74 0.40,1.35 51 1.15 0.79,1.69
Pirend 0.40 0.35 0.76

Abbreviations: Cl, confidence interval; ER,

ceptor; +, positive; —, negative.

estrogen receptor; IRR, incidence rate ratio; PR, progesterone re-

@ Adjusted for age, energy intake, age at menarche, body mass index at age 18 years, family history of breast
cancer, education, geographic region, parity, age at first birth, oral contraceptive use, menopausal status, age at
menopause, menopausal hormone use, vigorous activity, smoking status, alcohol intake, and multivitamin use.

and yellow-orange vegetables were each compatible with
a reduced risk of breast cancer, but the incidence rate ratios
were not statistically significant.

Some (4, 6, 33, 34) but not all (5, 15, 18, 35) studies that
considered all breast cancers without regard to subtype sup-
port a protective effect of broccoli and other cruciferous
vegetables on breast cancer risk. Although a pooled analysis
of 8 prospective cohort studies did not find an association
with breast cancer risk for intake of total vegetables or total
fruit, broccoli was associated with a reduced risk that was
marginally significant (4). The pooled analysis, which in-
cluded mostly postmenopausal cases, did not observe effect
modification by menopausal status. A population-based
case-control study in Sweden, which found no association
between total vegetable intake and postmenopausal breast
cancer risk, observed a significant decreased risk for higher
consumption of cruciferous vegetables (6). One case-control
study reported a marginally significant inverse association
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between broccoli intake and breast cancer risk among pre-
menopausal but not postmenopausal women (33), whereas
another case-control study observed inverse associations for
intakes of cruciferous vegetables with breast cancer risk pri-
marily among postmenopausal but not premenopausal
women (34). We observed a significant inverse association
between cruciferous vegetable intake and breast cancer risk
among premenopausal women regardless of breast cancer
subtype. Although we observed no association among all
postmenopausal women, there was a nonsignificant inverse
association among postmenopausal women who had never
used menopausal hormones, suggesting that relatively modest
effects of diet may not be evident among women at increased
risk of breast cancer due to the use of exogenous hormones.

Broccoli and other cruciferous vegetables are sources of
glucosinolates, which are metabolized into indoles and iso-
thiocyanates, potential chemoprotective compounds. In-
doles exert antiestrogenic effects and inhibit transcription
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of estrogen-responsive genes (36), and it has been shown
that increased cruciferous vegetable intake shifts estrogen
metabolism toward metabolites with less estrogenic poten-
tial (37). Isothiocyanates induce phase II enzymes (e.g.,
glutathione S-transferases) and thereby play an important
role in the detoxification of carcinogens (36).

Although the epidemiologic evidence has been inconsis-
tent, several case-control studies have reported inverse as-
sociations for intakes of carrots and other yellow-orange
vegetables with breast cancer risk (7, 8, 17, 38, 39). In the
present study, carrot intake was inversely associated with
breast cancer risk overall. Carrots and other yellow-orange
vegetables are rich sources of carotenoids, which have also
been associated with a reduced risk of breast cancer (17, 38—
42). The primary mechanism by which carotenoids are
proposed to prevent cancer is by reducing oxidative DNA
damage (43). Some carotenoids are also converted into
vitamin A, which is involved in cellular differentiation
and may play a role in preventing cancer (44).

Strengths of our study include its large size, prospective
design, high rate and length of follow-up, and information
on breast cancer risk factors and other potential con-
founders. The analysis included nearly 300 ER—/PR—
cases, a subtype of breast cancer with few established risk
factors. Misclassification of long-term dietary intake would
likely be random and would have attenuated true associa-
tions. It is possible that unknown lifestyle factors may par-
tially account for our findings, but we were able to control
for several established breast cancer risk factors, which did
not appreciably influence our results. Because we examined
a large number of associations in these analyses, it is more
likely that a given significant finding may be due to chance,
and our results need to be confirmed.

In conclusion, results from the present study of African-
American women suggest that increased consumption of
vegetables may decrease the risk of ER—/PR— breast can-
cer. Furthermore, our findings suggest that higher intakes of
cruciferous and carotenoid-rich vegetables may reduce risk
of breast cancer overall. Future studies investigating the
association between subclasses of vegetables and subtypes
of breast cancer are warranted.

ACKNOWLEDGMENTS

Author affiliations: Slone Epidemiology Center at Boston
University, Boston, Massachusetts (Deborah A. Boggs, Julie
R. Palmer, Lauren A. Wise, Lynn Rosenberg); Department
of Epidemiology, Harvard School of Public Health, Boston,
Massachusetts (Donna Spiegelman, Meir J. Stampfer); De-
partment of Biostatistics, Harvard School of Public Health,
Boston, Massachusetts (Donna Spiegelman); Department of
Nutrition, Harvard School of Public Health, Boston, Massa-
chusetts (Meir J. Stampfer); Channing Laboratory, Depart-
ment of Medicine, Brigham and Women’s Hospital and
Harvard Medical School, Boston, Massachusetts (Meir J.
Stampfer); and Lombardi Comprehensive Cancer Center,
Georgetown University, Washington, DC (Lucile L.
Adams-Campbell).

The project described was supported by Award
ROICA058420 from the National Cancer Institute.

The authors acknowledge the dedication of the Black
Women’s Health Study staff.

The content is solely the responsibility of the authors and
does not necessarily reflect the official views of the National
Cancer Institute or the National Institutes of Health.

Conflict of interest: none declared.

REFERENCES

1. Steinmetz KA, Potter JD. Vegetables, fruit, and cancer pre-
vention: a review. J Am Diet Assoc. 1996;96(10):1027-1039.

2. Pan MH, Ho CT. Chemopreventive effects of natural dietary
compounds on cancer development. Chem Soc Rev. 2008;
37(11):2558-2574.

3. Finley JW. Proposed criteria for assessing the efficacy of
cancer reduction by plant foods enriched in carotenoids, glu-
cosinolates, polyphenols and selenocompounds. Ann Bot.
2005;95(7):1075-1096.

4. Smith-Warner SA, Spiegelman D, Yaun SS, et al. Intake of
fruits and vegetables and risk of breast cancer: a pooled
analysis of cohort studies. JAMA. 2001;285(6):769-776.

5. van Gils CH, Peeters PH, Bueno-de-Mesquita HB, et al.
Consumption of vegetables and fruits and risk of breast cancer.
JAMA. 2005;293(2):183-193.

6. Terry P, Wolk A, Persson I, et al. Brassica vegetables and
breast cancer risk. JAMA. 2001;285(23):2975-2977.

7. Malin AS, Qi D, Shu XO, et al. Intake of fruits, vegetables and
selected micronutrients in relation to the risk of breast cancer.
Int J Cancer. 2003;105(3):413-418.

8. Longnecker MP, Newcomb PA, Mittendorf R, et al. Intake of
carrots, spinach, and supplements containing vitamin A in
relation to risk of breast cancer. Cancer Epidemiol Biomarkers
Prev. 1997;6(11):887-892.

9. Serlie T, Perou CM, Tibshirani R, et al. Gene expression pat-
terns of breast carcinomas distinguish tumor subclasses with
clinical implications. Proc Natl Acad Sci U S A. 2001;98(19):
10869-10874.

10. Sorlie T, Tibshirani R, Parker J, et al. Repeated observation of
breast tumor subtypes in independent gene expression data
sets. Proc Natl Acad Sci U S A. 2003;100(14):8418-8423.

11. Potter JD, Cerhan JR, Sellers TA, et al. Progesterone and es-
trogen receptors and mammary neoplasia in the lowa Women’s
Health Study: how many kinds of breast cancer are there?
Cancer Epidemiol Biomarkers Prev. 1995;4(4):319-326.

12. Huang WY, Newman B, Millikan RC, et al. Hormone-related
factors and risk of breast cancer in relation to estrogen receptor
and progesterone receptor status. Am J Epidemiol. 2000;
151(7):703-714.

13. Colditz GA, Rosner BA, Chen WY, et al. Risk factors for
breast cancer according to estrogen and progesterone receptor
status. J Natl Cancer Inst. 2004;96(3):218-228.

14. Althuis MD, Fergenbaum JH, Garcia-Closas M, et al. Etiology
of hormone receptor-defined breast cancer: a systematic re-
view of the literature. Cancer Epidemiol Biomarkers Prev.
2004;13(10):1558-1568.

15. Fung TT, Hu FB, McCullough ML, et al. Diet quality is asso-
ciated with the risk of estrogen receptor-negative breast cancer
in postmenopausal women. J Nutr. 2006;136(2):466—472.

16. Olsen A, Tjgnneland A, Thomsen BL, et al. Fruits and vege-
tables intake differentially affects estrogen receptor negative

Am J Epidemiol 2010;172:1268—-1279



Fruits and Vegetables and Breast Cancer in Black Women 1279

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

and positive breast cancer incidence rates. J Nutr. 2003;133(7):
2342-2347.

Gaudet MM, Britton JA, Kabat GC, et al. Fruits, vegetables,
and micronutrients in relation to breast cancer modified by
menopause and hormone receptor status. Cancer Epidemiol
Biomarkers Prev. 2004;13(9):1485-1494.

Lissowska J, Gaudet MM, Brinton LA, et al. Intake of fruits,
and vegetables in relation to breast cancer risk by hormone
receptor status. Breast Cancer Res Treat. 2008;107(1):
113-117.

Chlebowski RT, Chen Z, Anderson GL, et al. Ethnicity and
breast cancer: factors influencing differences in incidence and
outcome. J Natl Cancer Inst. 2005;97(6):439-448.

Kant AK, Graubard BI, Kumanyika SK. Trends in black-white
differentials in dietary intakes of U.S. adults, 1971-2002. Am J
Prev Med. 2007;32(4):264-272.

Carpenter CL, Yu MC, London SJ. Dietary isothiocyanates,
glutathione S-transferase M1 (GSTM1), and lung cancer risk
in African Americans and Caucasians from Los Angeles
County, California. Nutr Cancer. 2009;61(4):492-499.
Agurs-Collins T, Rosenberg L, Makambi K, et al. Dietary
patterns and breast cancer risk in women participating in the
Black Women’s Health Study. Am J Clin Nutr. 2009;90(3):
621-628.

Brennan SF, Cantwell MM, Cardwell CR, et al. Dietary pat-
terns and breast cancer risk: a systematic review and meta-
analysis. Am J Clin Nutr. 2010;91(5):1294-1302.

Rosenberg L, Adams-Campbell L, Palmer JR. The Black
Women’s Health Study: a follow-up study for causes and
preventions of illness. J Am Med Womens Assoc. 1995;50(2):
56-58.

Block G, Hartman AM, Naughton D. A reduced dietary
questionnaire: development and validation. Epidemiology.
1990;1(1):58-64.

Block G, Coyle LM, Hartman AM, et al. Revision of dietary
analysis software for the Health Habits and History Ques-
tionnaire. Am J Epidemiol. 1994;139(12):1190-1196.
National Cancer Institute Applied Research Program.
Diet*Calc Analysis Program, version 1.4.3. Bethesda, MD:
National Cancer Institute; 2005.

Kumanyika SK, Mauger D, Mitchell DC, et al. Relative val-
idity of food frequency questionnaire nutrient estimates in the
Black Women’s Health Study. Ann Epidemiol. 2003;13(2):
111-118.

Smith SA, Campbell DR, Elmer PJ, et al. The University of
Minnesota Cancer Prevention Research Unit vegetable and
fruit classification scheme (United States). Cancer Causes
Control. 1995;6(4):292-302.

Hu FB, Stampfer MJ, Rimm E, et al. Dietary fat and coronary
heart disease: a comparison of approaches for adjusting for

Am J Epidemiol 2010;172:1268-1279

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

total energy intake and modeling repeated dietary measure-
ments. Am J Epidemiol. 1999;149(6):531-540.

Fung TT, Hu FB, Holmes MD, et al. Dietary patterns and the
risk of postmenopausal breast cancer. Int J Cancer. 2005;
116(1):116-121.

Setiawan VW, Monroe KR, Wilkens LR, et al. Breast cancer
risk factors defined by estrogen and progesterone receptor
status: the Multiethnic Cohort Study. Am J Epidemiol. 2009;
169(10):1251-1259.

Ambrosone CB, McCann SE, Freudenheim JL, et al. Breast
cancer risk in premenopausal women is inversely associated
with consumption of broccoli, a source of isothiocyanates, but
is not modified by GST genotype. J Nutr. 2004;134(5):
1134-1138.

Lee SA, Fowke JH, Lu W, et al. Cruciferous vegetables, the
GSTP1 1le105Val genetic polymorphism, and breast cancer
risk. Am J Clin Nutr. 2008;87(3):753-760.

Adebamowo CA, Cho E, Sampson L, et al. Dietary flavonols
and flavonol-rich foods intake and the risk of breast cancer. Int
J Cancer. 2005;114(4):628-633.

Higdon JV, Delage B, Williams DE, et al. Cruciferous vege-
tables and human cancer risk: epidemiologic evidence and
mechanistic basis. Pharmacol Res. 2007;55(3):224-236.
Fowke JH, Longcope C, Hebert JR. Brassica vegetable con-
sumption shifts estrogen metabolism in healthy postmeno-
pausal women. Cancer Epidemiol Biomarkers Prev. 2000;
9(8):773-779.

Zhang CX, Ho SC, Chen YM, et al. Greater vegetable and fruit
intake is associated with a lower risk of breast cancer among
Chinese women. Int J Cancer. 2009;125(1):181-188.
Mignone LI, Giovannucci E, Newcomb PA, et al. Dietary ca-
rotenoids and the risk of invasive breast cancer. Int J Cancer.
2009;124(12):2929-2937.

Cui Y, Shikany JM, Liu S, et al. Selected antioxidants and risk
of hormone receptor-defined invasive breast cancers among
postmenopausal women in the Women’s Health Initiative
Observational Study. Am J Clin Nutr. 2008;87(4):1009-1018.
Gandini S, Merzenich H, Robertson C, et al. Meta-analysis of
studies on breast cancer risk and diet: the role of fruit and
vegetable consumption and the intake of associated micronu-
trients. Eur J Cancer. 2000;36(5):636-646.

Zhang S, Hunter DJ, Forman MR, et al. Dietary carotenoids
and vitamins A, C, and E and risk of breast cancer. J Natl
Cancer Inst. 1999;91(6):547-556.

Frei B. Reactive oxygen species and antioxidant vitamins:
mechanisms of action. Am J Med. 1994;97(3A):55-13S;
discussion 22S-28S.

Sun SY, Lotan R. Retinoids and their receptors in cancer de-
velopment and chemoprevention. Crit Rev Oncol Hematol.
2002;41(1):41-55.



