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Abstract

Background: The chemopreventive activities of cruciferous vegetables were recognized in the
early 1990s, followed by a growth of evidence in various cancer models, including breast
cancer. To our knowledge, no studies have examined whether consumption of cruciferous
vegetables has changed accordingly, and what impact, if any, on breast cancer risk may have
resulted.

Objective: The time trend in cruciferous vegetable intake was investigated between 1982 and
1998, and its associations with breast cancer risk were examined.

Methods: In a hospital-based case-control study in 1491 patients with breast cancer and 1482
controls, loess curves were constructed to describe the relation between median consumption of
cruciferous vegetables and year of admission. ORs and 95% Cls were calculated with
unconditional logistic regression, adjusting for age, year of admission, family income, body mass
index, cigarette smoking, age at menarche, parity, age at first birth, family history of breast cancer,
hormone replacement therapy, and total meat intake.

Results: Consumption patterns differed between cases and controls. A slow but steady increase in
cruciferous vegetable intake was observed in the cases, although among controls, cruciferous
vegetable consumption increased from 1982 to 1987, reached a plateau during 1988-1992, and
then declined from 1993 to 1998. Accordingly, although an overall inverse association with breast
cancer risk was observed for cruciferous vegetable intake (highest compared with lowest
quartile—OR: 0.68; 95% Cl: 0.55, 0.86; P-trend = 0.0006), the inverse association tended to be
more pronounced within more recent-year strata, with an OR of 0.52 (95% ClI: 0.33, 0.83) for
1993-1998 compared with an OR of 0.89 (95% Cl: 0.64, 1.23) for 1982-1987.

Conclusions: The consumption of cruciferous vegetables increased during the past 2 decades,
showing different trends in cases and controls. The subtle but sustained increase in cruciferous
vegetable intake reported by the cases could influence association studies with breast cancer
risk. Curr Dev Nutr 2017;1:e000448.

Introduction

Breast cancer is the most common cancer and is the second leading cause of cancer-related
mortality among American women (1). Various risk factors and prognostic factors for breast
cancer have been studied. The chemopreventive activities of cruciferous vegetables were
recognized in the early 1990s, followed by a rapid growth of evidence of their potential pre-
ventive role against a number of cancers, including breast cancer (2-5). Cruciferous vegeta-
bles are rich unique sources of glucosinolates, whose hydrolytic products, primarily
isothiocyanates (ITCs) and indoles, may have cancer chemopreventive properties. Evidence
from in vitro and in vivo studies suggests that ITCs and indoles may prevent or inhibit breast
cancer development through the following mechanisms: modulating activity of phase I and
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phase IT enzymes (6-8), inhibiting cell proliferation (9-14), regulat-
ing the expression of estrogen receptor (15), altering the metabo-
lism of estrogen (16-19), or suppressing cyclooxygenase 2 (COX-2)
(20, 2D).

Despite strong evidence from cell and animal experiments on
the preventive effects of cruciferous vegetables on breast carcino-
genesis, epidemiologic studies often generate inconsistent results.
In a case-control study, we previously found a marginally signifi-
cant inverse association with cruciferous vegetable intake among
premenopausal women only (OR: 0.60; 95% CI: 0.40, 1.01; P = 0.058)
(22), whereas Gaudet et al. (23) reported that reduced risk
was only observed among postmenopausal women (OR: 0.80;
95% CI: 0.60, 1.05). Two case-control studies from Chinese pop-
ulations also presented mixed results. A significant inverse asso-
ciation was observed by Zhang et al. (24) (OR: 0.49; 95% CI: 0.32,
0.74; P < 0.001), whereas Shannon et al. (25) observed no asso-
ciations, even in the highest intake category (OR: 1.08; 95% CI:
0.62, 1.89). In a meta-analysis including 11 case-control and 2 co-
hort studies, Liu and Lv (26) found the significant inverse asso-
ciation only among postmenopausal women.

Several factors may contribute to the observed inconsistencies.
First, hydrolysis products of glucosinolates, especially ITCs, may
be largely reduced by cooking procedures (27-29), which should
be taken into account in considering the role of cruciferous vege-
tables in cancer prevention. Second, cruciferous vegetables were
not assessed comprehensively in most of the previous studies.
Third, with the increased attention on cruciferous vegetables for
cancer prevention, as well as the public health campaigns on veg-
etable and fruit consumption since the 1990s (30), cruciferous
vegetable consumption may have changed considerably, result-
ing in differential impact on risk-association studies across
time. In the current study, we investigated temporal trends in
self-reported cruciferous vegetable consumption among breast
cancer cases and controls, compared with the trends in total veg-
etable consumption and examined the effects of cruciferous veg-
etable intake on breast cancer risk within each time period.
These analyses allowed for the consideration of raw compared
with cooked consumption separately and included more com-
prehensive information on cruciferous vegetables commonly
consumed in the United States (i.e., broccoli, cabbage, cauli-
flower, Brussels sprouts, kale, and turnip, collard, and mustard
greens).

Methods

Study population

In this case-control study, all cases and controls were drawn from
patients at Roswell Park Cancer Institute (RPCI; Buffalo, New
York) who participated in the Patient Epidemiology Data System
(PEDS) from 1982 to 1998. PEDS contains data gathered from a
self-administered survey offered to all new patients receiving med-
ical service at RPCI. Controls were randomly selected from a pool
of >8000 potentially eligible patients who came to RPCI with a sus-
picion of neoplastic disease but were diagnosed with conditions
other than cancer and treated at RPCI, including infectious and

parasitic diseases (20%), diseases of the circulatory system (12%),
ill-defined signs and symptoms (17%), diseases of the genitourinary
system (13%), benign neoplasms (8%), and other various conditions
(28%) during the same time period as were cases. The overall re-
sponse rate was ~50% for both cases and controls. Participants
provided written informed consent. Procedures for the protec-
tion of human subjects in this study were approved by the Insti-
tutional Review Board at RPCI. Breast cancer cases in the
current study were defined as women diagnosed with incident,
primary, histologically confirmed breast cancer. Controls were
eligible if they were cancer-free at the time of service, without
benign tumors, and with no previous history of cancer. Controls
were frequency matched to cases on age and year of admission to
the PEDS study (usually same as year of disease diagnosis) by us-
ing 5-y intervals for both of these criteria. In total, 1491 breast
cancer cases and 1482 controls who were predominantly white
(99%) and ranged in age from 21 to 97 y were included.

Questionnaire data

Data relevant to breast cancer risk factors were obtained for cases
and controls from the PEDS questionnaires, which included infor-
mation on demographic characteristics, tobacco use and alcohol
consumption, reproductive history, medical history, and family his-
tory of cancer, as well as a 44-item FFQ assessing usual diet in the
few years before diagnosis. The 44-item FFQ was designed to pro-
vide an assessment of intakes of fruit and vegetables, including
cruciferous vegetables, and foods that are sources of fat, fiber, and
vitamins A, C, and E (31). This brief FFQ was validated by Byers
et al. (31) with the use of data from the Western New York Diet
Study, showing that a large fraction of the variability in nutrient in-
take in the population of western New York regions could be ex-
plained by a small number of foods ascertained in an abbreviated
dietary history questionnaire for epidemiologic studies. For cru-
ciferous vegetables, the consumption of broccoli, cabbage, and
cauliflower was documented separately as raw or cooked, whereas
intakes of other vegetables, including Brussels sprouts, kale,
turnip greens, collard greens, and mustard greens, were com-
bined intakes of both raw and cooked. The consumption of
each vegetable was queried according to the categories of never,
<1 time/mo, 1-3 times/mo, 1-4 times/wk, or 5-7 times/wk, and a
serving size of 0.5 cup was applied. Only the participants with all
categories of cruciferous vegetable intake missing were excluded
from the analysis.

The monthly frequency of consumption for each food category
was calculated, and the unit denoted as servings per month (1 serv-
ing = 0.5 cup). Intakes of kale and turnip, collard, and mustard
greens were summed as “greens & kale” intake, because their in-
dividual consumption is relatively uncommon. Total cruciferous
vegetable intake was calculated as the sum intake of all individ-
ual cruciferous vegetables in our study. Total vegetable intake
was calculated as the sum of carrots, tomatoes, spinach, lettuce,
beans, white potatoes, squash (soft or hard), green peas, egg-
plant, tomato juice, and total cruciferous vegetables. Total en-
ergy intake could not be calculated from the brief 44-item
FFQ; therefore, total meat intake was used to adjust for the po-
tential confounding effect of overall diet composition. Total
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meat intake was the sum intake of pork chops, hotdogs, canned
ham, ham, salami, liver, pork sausage, beef, bacon, chicken, and
hamburger.

Statistical analysis

On the basis of the distribution in the controls, the intake of total
cruciferous vegetables was categorized into quartiles and broccoli,
cabbage, and cauliflower intakes were categorized into tertiles. For
individual cruciferous vegetables in both raw and cooked categories,
as well as Brussels sprouts and “greens & kale,” consumption was di-
chotomized (<1 and =1 servings/mo). Menopausal status was self-
reported. Women without information on their menopausal status
(11 patients) were categorized as postmenopausal if >50 y old; oth-
erwise, they were considered premenopausal.

Local regression (loess) was used to describe the relation be-
tween median consumption of selected food items (total vegeta-
bles, total cruciferous vegetables) and the year of admission
(usually the same as the year at diagnosis). Loess is known as lo-
cally weighted polynomial regression proposed by Cleveland and
colleagues (32, 33). As a nonparametric method, the loess curve of-
ten shows relatively complex relations and provides a graphic
summary of the relation between a dependent variable and
=1 independent variables (34). The median intake of each food
group was calculated within each year, and the loess curves
were produced to investigate the potential change in consump-
tion pattern.

Two-tailed t tests and Pearson’s chi-square tests were con-
ducted to evaluate differences between cases and controls for con-
tinuous and categorical variables, respectively. ORs and 95% CIs
for breast cancer in relation to cruciferous vegetable intake were
calculated with unconditional logistic regression by using the low-
est intake category as the referent. Potential variables as listed in
Table 1 were evaluated by using stepwise selection approaches at
the entry level of 0.1 and the stay level of 0.05. The significant co-
variates included family income (6 categories), BMI (continuous),
age at menarche (continuous), age at first birth (continuous), par-
ity (0, 1, 2, or =3 children), history of first-degree family member
with breast cancer (yes or no), use of hormone replacement ther-
apy (yes or no), and total meat intake (continuous). The final
model also included cigarette smoking (never, former, or current
smoker) due to different distributions between cases and controls
in the study, as well as age (continuous) and year of admission
(continuous). Age and year of admission were included to account
for the potential change in diet habit and breast cancer diagnosis
criteria over time. Multiplicative interactions were tested through
the inclusion of cross-product terms in the logistic regression
models. Statistical analyses and figure plotting were performed
by using SAS for Windows, version 9.2. All tests were 2-sided
and considered significant when P < 0.05.

Results
The descriptive characteristics of cases and controls are summa-

rized in Table 1. No significant differences were observed be-
tween cases and controls for age at diagnosis and year of admission,
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indicating the successful matching on these 2 criteria. Compared
with controls, cases tended to have a higher family income
(P < 0.0001), a higher BMI (P = 0.0041), a younger age at men-
arche (P = 0.0448), an older age at first birth (P = 0.0045), and a
greater likelihood of having a first-degree relative with breast
cancer (P = 0.0055). Although the use of hormone replacement
therapy was slightly lower in cases than in controls (20.2% com-
pared with 24.4%), particularly among postmenopausal women
(25.8% compared with 32.4%), hormone replacement use was a
risk factor for breast cancer risk in our study with an OR of
1.27 (95% CI: 1.07, 1.51). There were more current smokers in
the control group than in the case group; however, there was
no significant difference in pack-years smoked between cases and
controls (data not shown). In terms of education, employment, al-
cohol intake, parity, breastfeeding duration, history of benign
breast disease, and oral contraceptive use, there were no signifi-
cant differences between cases and controls.

The median intakes of total cruciferous vegetables, vegetables,
fruit, and meats were calculated within each year to examine the
consumption patterns during 1982-1998 with the use of loess
curves. As shown in Figure 1A, total cruciferous vegetable intake
in controls increased after 1982, reached a plateau between 1988
and 1993, and then decreased after 1993. However, the intake of to-
tal cruciferous vegetables in cases showed a slow but steady in-
crease from 1982 to 1998, although the magnitude of increase
was smaller than that in controls. Interestingly, similar “increasing
then declining” patterns were observed for total vegetable intake
in controls, whereas cases showed no change in terms of total veg-
etable intake (Figure 1B).

On the basis of the distribution of consumption in controls
during 1982-1998, adjusted ORs and corresponding 95% Cls
for the intake of cruciferous vegetables and breast cancer risk
were examined separately by different year strata (Table 2).
No significant association was observed in the “1982-1987” stra-
tum, whereas a strong inverse association appeared in the strata
of “1988-1992” and “1993-1998,” showing a significant dose-
response relation within both strata. The inverse association
tended to be more pronounced within more recent-year stratum,
showing smaller ORs and narrower 95% CIs. For example, com-
paring the lowest to the highest intake category, ORs (95% CIs)
for cruciferous vegetable intake and breast cancer risk changed
from 0.89 (0.64, 1.23) in 1982-1987, to 0.58 (0.37, 0.92) in 1988~
1992, and to 0.52 (0.33, 0.83) in 1993-1998. Similar trends were ob-
served for total vegetable intake, whereas no significant association
was observed for total fruit intake in any of the time periods (data
not shown).

Combining all of the time periods, cruciferous vegetable intake
was inversely associated with breast cancer risk, with a significant
dose-response relation (P-trend = 0.0006) (Table 3). Adjustment
of other vegetable intake in the analyses barely altered the associ-
ations (data not shown). Compared with those with the lowest in-
take, the highest intake was associated with a 32% reduction in
odds of breast cancer (adjusted OR: 0.68; 95% CI: 0.55, 0.86). Sim-
ilar significant inverse associations and dose-response relations
were observed for broccoli and cauliflower intakes. Intakes of cab-
bage, Brussels sprouts, kale, and other greens also showed inverse
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TABLE 1 Descriptive characteristics of breast cancer cases and hospital controls’

All Premenopausal women Postmenopausal women
Cases Controls Cases  Controls Cases Controls
(n=1491) (n=1482) P (n=394) (n=428) P (n=1097) (n=1054) P

Age, n (%) 0.9994 0.9205 0.5048
<46y 393 (26.4) 392 (26.5) 284 (72.1) 307 (71.7) 109 (9.9) 85 (8.1)
46-50y 183 (12.3) 183 (12.3) 84 (21.3) 88 (20.6) 99 (9.0) 95 (9.0)
51-55y 184 (12.3) 184 (12.4) 22 (5.6) 27 (6.3) 162 (14.8) 157 (14.9)
>55y 731 (49.0) 723 (48.8) 4(1.0) 6(1.4) 727 (66.3) 717 (68.0)

Year of admission, n (%) 0.9745 0.5496 0.8078
1982-1985 492 (33.0) 492 (33.2) 124 (31.5) 127 (29.7) 368 (33.5) 365 (34.6)
1986-1990 421 (28.2) 421 (28.4) 114 (28.9) 116 (27.1) 307 (28.0) 305 (28.9)
1991-1995 409 (27.4) 409 (27.6) 107 (27.2) 136 (31.8) 302 (27.5) 273 (25.9)
1996-1998 169 (11.3) 160 (10.8) 9(12.4) 49 (11.4) 120 (10.9) 111 (10.5)

Education, n (%) 0.8601 0.1254 0.9350
Up to high school 286 (19.3) 287 (19.5) 25 (6.4) 33(7.7) 261 (23.9) 254 (24.2)

High school graduate 491 (33.1) 502 (34.0) 114 (29.0) 138 (32.3) 377 (34.6) 364 (34.7)
Some college 328 (22.1) 329 (22.3) 87 (22.1) 109 (25.5) 241 (22.1) 220 (21.0)
College graduate 379 (25.5) 357 (24.2) 167 (42.5) 147 (34.4) 212 (19.4) 210 (20.0)

Ever had a job, n (%) 0.8300 0.3260 0.8469
Yes 1427 (95.7) 1416 (95.6) 384 (97.5) 412 (96.3) 1043 (95.1) 1004 (95.3)

No 64 (4.3) 66 (4.5) 10 (2.5) 16 (3.7) 54 (4.9) 50 (4.7)

Family income, n (%) <0.0001 <0.0001 0.0042
<$25,000 843 (58.0) 979 (67.5) 137 (35.4) 238 (56.4) 706 (66.2) 741 (72.0)
=$25,000 610 (42.0) 472 (32.5) 250 (64.6) 184 (43.6) 360 (33.8) 288 (28.0)

BMI (in kg/mz), n (%) 0.0041 0.6316 0.0056
=249 751 (51.1) 830 (56.8) 245 (62.3) 277 (65.5) 506 (47) 553 (53.3)
25.0-29.9 428 (29.1) 395 (27.0) 91 (23.2) 88 (20.8) 337 (31.3) 307 (29.6)
=30.0 291 (19.8) 236 (16.2) 57 (14.5) 58 (13.7) 234 (21.7) 178 (17.1)

Cigarette smoking, n (%) 0.0145 0.0387 0.1848
Never 770 (51.7) 726 (49.1) 204 (51.8) 192 (45.0) 566 (51.7) 534 (50.8)

Former 472 (31.7) 447 (30.2) 117 (29.7) 126 (29.5) 355(32.4) 321 (30.5)
Current 246 (16.5) 306 (20.7) 73 (18.5) 109 (25.5) 173 (15.8) 197 (18.7)

Alcohol intake, n (%) 0.2319 0.4680 0.3351

Never 472 (32.8) 513 (36.1) 102 (26.6) 127 (31.1) 370 (35.1) 386 (38.2)
0 to <1 drinks/d 745 (51.8) 707 (49.8) 223 (58.1) 217 (53.1) 522 (49.6) 490 (48.5)
1 to <2 drinks/d 157 (10.9) 135(9.5) 44 (11.5) 46 (11.2) 1 13 (10.7) 89 (8.8)

=2 drinks/d 63 (4.4) 65 (4.6) 15 (3.9) 19 (4.6) 8 (4.6) 46 (4.5)

Age at menarche, n (%) 0.0448 0.0274 0.1881
<12y 295 (20.1) 295 (20.3) 70 (18.0) 94 (22.4) 225(20.9) 201 (19.5)
12-13y 820 (55.9) 753 (51.9) 244 (62.9) 225 (53.6) 576 (53.4) 528(51.2)
=14y 352 (24.0) 403 (27.8) 74 (19.1) 101 (24.0) 278 (25.8) 302 (29.3)

Parity, n (%) 0.1745 0.3137 0.1179
No children 239 (16.1) 216 (14.7) 86 (21.8) 9(18.7) 153 (14.0) 137 (13.1)

1 child 188 (12.6) 167 (11.4) 70(17.8) 2(14.7) 118 (10.8) 105 (10.0)
2 children 392 (26.3) 366 (24.9) 106 (26.9) 129 (30.5) 286 (26.1) 237 (22.7)
=3 children 669 (45.0) 719 (49.0) 132 (33.5) 153 (36.2) 537 (49.1) 566 (54.2)

Age at first birth among parous women, n (%) 0.0045 0.0480 0.0291
<25y 746 (60.1) 829 (66.7) 189 (61.4) 237 (69.3) 557 (59.7) 592 (65.7)
25-29y 346 (27.9) 290 (23.3) 91 (29.5) 69 (20.2) 255 (27.3) 221 (24.5)
30-34y 107 (8.6) 97 (7.8) 22 (7.1) 30(8.8) 85 (9.1) 67 (7.4)
=35y 2 (3.4) 27 (2.2) 6(1.9) 6(1.8) 36 (3.9) 21 (2.3)

Breastfeeding duration among parous 0.7008 0.3701 0.1548

women, n (%)
<6 mo 799 (67.7) 807 (67.6) 197 (68.2) 217 (64.4) 602 (67.5) 590 (68.9)
6to <12 mo 145 (12.3) 158 (13.2) 32(11.1) 34 (10.1) 113 (12.7) 124 (14.5)
=12 mo 237 (20.1) 228 (19.1) 60 (20.8) 86 (25.5) 177 (19.8) 142 (16.6)

History of benign breast disease, n (%) 0.4466 0.3401 0.6916
No 908 (62.1) 926 (63.5) 218 (56.9) 253 (60.2) 690 (63.9) 673 (64.8)

Yes 554 (37.9) 533 (36.5) 165 (43.1) 167 (39.8) 389 (36.1) 366 (35.2)

First-degree family member with breast 0.0055 0.1155 0.0227

cancer, n (%)
No 1235 (84.1) 1270 (87.7) 331 (84.7) 367 (88.4) 904 (83.9) 903 (87.4)
Yes 233(15.9) 178(12.3) 60 (15.3) 48 (11.6) 173 (16.1) 130 (12.6)
(Continued)
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TABLE 1 (Continued)

Cruciferous vegetable intake and breast cancer risk 5

All Premenopausal women Postmenopausal women
Cases Controls Cases  Controls Cases Controls
(n=1491) (n=1482) P (n=394) (n=428) P (n=1097) (n=1054) P
Hormone replacement use n (%) 0.0068 0.8217 0.0007
No 1186 (79.8) 1110 (75.6) 373 (95.2) 402 (95.5) 813 (74.2) 708 (67.6)
Yes 301 (20.2) 358 (24.4) 19 (4.8) 19 (4.5) 282 (25.8) 339 (32.4)
Oral contraceptive use n (%) 0.5067 0.3215 0.5577
No 929 (63.4) 901 (62.2) 121 (31.1) 117 (27.9) 808 (75.1) 784 (76.2)
Yes 536 (36.6) 547 (37.8) 268 (68.9) 302 (72.1) 268 (24.9) 245 (23.8)

! Chi-square test was used to test the difference between cases and controls for categorical variables, and 2-tailed t test was used to test the difference between cases and

controls for continuous variables.

associations with breast cancer risk, although the associations
were not significant.

The association of cruciferous vegetable intake was further
examined in raw and cooked forms separately with breast cancer
risk in Table 4. For broccoli intake, a significant inverse associ-
ation was observed for both raw (OR: 0.78; 95% CI: 0.66, 0.91)
and cooked (OR: 0.83; 95% CI: 0.70, 0.99) intakes, whereas for
cauliflower intake, raw consumption (OR: 0.77; 95% CI: 0.65,
0.90) but not cooked consumption (OR, 0.93; 95% CI: 0.79, 1.08)
was significantly associated with breast cancer risk. The associa-
tion with cabbage intake and breast cancer risk was much weaker,
with a significant association for cooked cabbage consumption
(OR: 0.84; 95% CI: 0.71, 0.99). In general, cruciferous vegetables
consumed raw showed more pronounced inverse associations
with breast cancer risk than did their cooked counterparts.

Associations between cruciferous vegetable intake and breast
cancer risk were also investigated separately in pre- and postmen-
opausal women (Table 5). Significant inverse associations were
observed only in premenopausal women (P-interaction = 0.0601)
in a dose-dependent manner (P-trend = 0.0002). The same trend
was found for individual cruciferous vegetables. For example, both
raw and cooked broccoli intakes were significantly associated with
reduced breast cancer risk (raw—OR: 0.59; 95% CI: 0.43, 0.80;

>

Total cruciferous vegetable

14 -

12

10 |

Median intake (servings/mo)

T T T

1980 1984 1988 1992 1996 2000
Year of admission

cooked—OR: 0.49; 95% CI: 0.34, 0.70) in premenopausal women,
whereas the associations in postmenopausal women were much
weaker and became nonsignificant for either raw (OR: 0.87;
95% CI: 0.71, 1.05) or cooked (OR: 0.99; 95% CI: 0.80, 1.22) broc-
coli intake (P-interaction = 0.0397 and 0.0029 for raw and cooked
broccoli intakes, respectively).

Discussion

In this hospital-based case-control study, we found that the con-
sumption of cruciferous vegetables increased during 1982-1998,
but patterns of increases differed between breast cancer cases and
controls. We also observed inverse associations between cruciferous
vegetable intake and breast cancer risk, and the associations became
more pronounced within more recent-year strata, which is consis-
tent with the general trend of increased consumption among con-
trols. When further stratified by pre- and postmenopausal status, a
significant association between cruciferous vegetable intake and
breast cancer risk was observed in premenopausal women only.
When individual cruciferous vegetables were examined, only broc-
coli and cauliflower intakes showed a significant inverse association
with breast cancer risk; and consistently, the associations were

B Total vegetable
) 4 LY
E F
[ ! \
g ] \
s | ] \‘
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FIGURE 1 Changes in consumption of selected food items during 1982-1998 in breast cancer cases and controls. Loess curves were
produced to examine the changes across the year of admission (usually the same as the year at diagnosis, x axis) in the median consumption
of selected food items using the unit of servings per month (y axis): total cruciferous vegetables (A) and total vegetables (B). In each panel,
the loess curves are presented as solid lines for cases and dashed lines for controls.
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TABLE 2 ORs (95% Cls) for the association of breast cancer with cruciferous vegetable consumption by strata of questionnaire
completion year'

1982-1987 1988-1992 1993-1998
Cases Controls OR Cases Controls OR Cases Controls
(n=720) (n=681) (95% Cl) (n=313) (n=420) (95% ClI) (n=458) (n=381) OR (95% ClI)

Servings/mo 155+ 154 16.6 = 17.1 — 175+187 198 =170 — 18.0+ 189 186+ 17.2 —

Q1 166 (23.1) 168 (24.7) 1.00 89 (28.4) 103 (24.5) 1.00 117 (25.5) 84 (22.1) 1.00

Q2 223(30.9) 171 (25.1) 1.23(0.90,1.67) 84 (26.8) 105 (25.0) 0.83(0.54,1.28) 135(29.5) 103 (27.0) 0.82(0.53,1.27)

Q3 166 (23.1) 171 (25.1) 0.91(0.66, 1.26) 81 (25.9) 105 (25.0) 0.76 (0.49,1.18) 102 (22.3) 98 (25.7)  0.56 (0.35, 0.88)

Q4 165(22.9) 171 (25.1) 0.89(0.64,1.23) 59 (18.9) 107 (25.5) 0.58(0.37,0.92) 104 (22.7) 96 (25.2) 0.52(0.33,0.83)

P-trend 0.1389 0.0230 0.0037

"Values are means * SDs or n (%), unless otherwise indicated. ORs (95% Cls) were adjusted for age (continuous), year of admission (continuous), family income (6
categories), BMI (continuous), smoking status (current, former, or never), age at menarche (continuous), parity (no children, 1 child, 2 children, or =3 children), age at first
birth (continuous), history of first-degree family member with breast cancer (yes or no), total meat intake (continuous), and hormone replacement use (yes or no). Q,

quartile.

observed only in premenopausal women and appeared to be stron-
ger with raw vegetable consumption than with their cooked vegeta-
ble counterparts.

Cruciferous vegetable intake changed considerably during
1982-1998 among the controls. As loess curves show (Figure 1),
the consumption of cruciferous vegetables in controls had 3 phases:
median consumption increased from 9 to 16 servings/mo during
1982-1988, reached a plateau during 1988-1993 with a median of
15 servings/mo, and then declined from 1993 (Supplemental

Table 1). Similar patterns were also observed for total vegetable
intake in controls. Many factors may contribute to consumption
pattern changes. Interestingly, these changes coincided with the
timelines of our understanding of diet and cancer, including cru-
ciferous vegetables. Since the beginning of the 1980s, mounting
evidence has been published on vegetable intake and reduction
in cancer risk, accompanying various diet-related campaigns for can-
cer prevention. One of the most important national campaigns in
the United States was the 5 A Day program, which was initiated

TABLE 3 ORs (95% Cls) for the association of breast cancer with consumption of cruciferous vegetables

n (%) OR (95% CI)
Cases Controls

Intake, servings/mo (n=1491) (n=1482) Crude Adjusted1
Cruciferous vegetables

<6 375 (25.2) 341 (23.0) 1.00 1.00

6-11.9 416 (27.9) 389 (26.2) 0.97 (0.79, 1.19) 0.91 (0.74,1.13)

12-25.4 375(25.2) 373 (25.2) 0.91 (0.74,1.12) 0.80 (0.64, 0.99)

=25.5 325 (21.8) 379 (25.6) 0.78 (0.63, 0.96) 0.68 (0.55, 0.86)

P-trend 0.0102 0.0006
Broccoli

<2.5 772 (51.8) 695 (46.9) 1.00 1.00

2.5-10 313 (21.0) 319 (21.5) 0.88 (0.73, 1.06) 0.87 (0.72, 1.07)

=10 406 (27.2) 468 (31.6) 0.78 (0.66, 0.92) 0.68 (0.56, 0.82)

P-trend 0.0053 <0.0001
Cabbage

<1 668 (44.8) 659 (44.5) 1.00 1.00

1-2.5 392 (26.3) 355 (24.0) 1.09 (0.91, 1.30) 1.07 (0.88, 1.30)

2.5 431 (28.9) 468 (31.6) 0.91 (0.77, 1.08) 0.89 (0.74, 1.07)

P-trend 0.3367 0.2687
Cauliflower

<1 562 (37.7) 554 (37.4) 1.00 1.00

1-4 648 (43.5) 598 (40.4) 1.07 (0.91, 1.26) 0.99 (0.84, 1.18)

=4 281 (18.8) 330 (22.3) 0.84 (0.69, 1.02) 0.76 (0.62, 0.94)

P-trend 0.0367 0.0068
Brussels sprouts

<1 1085 (72.8) 1062 (71.7) 1.00 1.00

=1 406 (27.2) 420 (28.3) 0.95 (0.81, 1.11) 0.94 (0.79, 1.11)
Greens and kale

<1 1224 (82.1) 1187 (80.1) 1.00 1.00

=1 267 (17.9) 295 (19.9) 0.88 (0.73, 1.05) 0.86 (0.70, 1.04)

1Adjus‘ced for age (continuous), year of admission (continuous), family income (6 categories), BMI (continuous), smoking status (current, former, or never), age at menarche
(continuous), parity (no children, 1 child, 2 children, or =3 children), age at first birth (continuous), history of first-degree family member with breast cancer (yes or no),
total meat intake (continuous), and hormone replacement use (yes or no).
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TABLE 4 ORs (95% Cls) for the association of breast cancer
with individual raw and cooked cruciferous vegetables

n (%) OR (95% ClI)
Intake, Cases Controls
servings/mo (n=1491) (n=1482) Crude Adjusted1
Broccoli
Raw
<1 892 (59.8) 813 (54.9) 1.00 1.00
=1 599 (40.2) 669 (45.1) 0.82(0.71,0.94) 0.78(0.66,0.91)
Cooked
<1 413 (27.7) 383 (25.8) 1.00 1.00
=1 1078 (72.3) 1099 (74.2) 0.91(0.77,1.07) 0.83(0.70, 0.99)
Cabbage
Raw
<1 775 (52.0) 791 (53.4) 1.00 1.00
=1 716 (48.0) 691 (46.6) 1.06(0.92,1.22) 1.04(0.89,1.21)
Cooked
<1 1017 (68.2) 951 (64.2) 1.00 1.00
=1 474 (31.8) 531 (35.8) 0.83(0.72,0.97) 0.84(0.71,0.99)
Cauliflower
Raw
<1 965 (64.7) 894 (60.3) 1.00 1.00
=1 526 (35.3) 588(39.7) 0.83(0.71,0.96) 0.77 (0.65, 0.90)
Cooked
<1 638 (42.8) 632 (42.6) 1.00 1.00
=1 853 (57.2) 850(57.4) 0.99(0.86,1.15) 0.93(0.79, 1.08)

1Adjusted for age (continuous), year of admission (continuous), family income (6
categories), BMI (continuous), smoking status (current, former, or never), age at
menarche (continuous), parity (no children, 1 child, 2 children, or =3 children),
age at first birth (continuous), history of first-degree family member with breast
cancer (yes or no), total meat intake (continuous), and hormone replacement use
(yes or no).

by the National Cancer Institute in 1991; later, the CDC became
the lead federal agency and changed the program name to Fruits
& Veggies—More Matters (35). The second wave of increasing
vegetable intake from 1991 to 1993 in controls (Figure 1B) may
be the reflection of this campaign. We further expanded the anal-
ysis to include all controls in the PEDS. Similar patterns were ob-
served for all female controls (Supplemental Figure 1; n = 5940)
as well as total male and female controls (Supplemental Figure
2; n = 8685), indicating that the observed consumption patterns
in controls were not due to matching with breast cancer cases.
On the basis of data from the USDA, the consumption of broccoli,
the representative cruciferous vegetable, indeed increased over
time, doubling per capita consumption during 1982-1998 (36).
Cruciferous vegetable consumption in our study followed the
same trend, although the data were derived from hospital-based
controls instead of the general population. Note that the intakes
of vegetables and cruciferous vegetables in controls all started
to decline from 1993. It is not clear whether this decline was re-
lated to phases of public campaigns; however, this calls for con-
tinuity of and consistency in public education.

Interestingly, compared with the consumption changes in con-
trols, breast cancer cases behaved differently. Cases did not show
an increase in vegetable consumption as did controls. In fact, total
vegetable intake remained flat during 1982-1998 in cases. For cru-
ciferous vegetables, the consumption increased over time in both
cases and controls, although the increase in cases was slower and
smaller than that in controls (Figure 1A). The divergent
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consumption patterns between cruciferous vegetables and total
vegetables among cases may indicate that specific food categories
rather than general food items may be more attractive to the pub-
lic in terms of cancer prevention. It should be noted that the con-
sumption in the study is self-reported. Cases may have differential
recall bias than controls, perhaps reporting higher intakes of cru-
ciferous vegetables than their actual intakes. However, the con-
sumption of either cruciferous vegetables or total vegetables was
generally lower among cases than controls, indicating that there
are still existing areas for continued public health education.

In response to changes in cruciferous vegetable consump-
tion during 1982-1998, the associations with breast cancer risk
also varied accordingly, showing strengthened associations in
recent-year strata (Table 2). The more pronounced associations
in recent years may be attributed to the increased variability
in consumption due to different consumption patterns between
cases and controls. It is noteworthy that the cutoff selection was
based on the consumption in controls in each corresponding year
stratum; therefore, the quartile levels were different across 3-y
strata as shown by varied means for cases and controls among
each year stratum (Table 2). These results indicate that association
studies with food consumption may be affected by the time frame of
the studies conducted, which may potentially contribute to the
mixed results in the literature. Overall, a significant inverse associ-
ation was observed between cruciferous vegetable intake and breast
cancer risk. However, the potential effect of cruciferous vegetables
on breast cancer is only limited to premenopausal women but not
postmenopausal women (Table 5). This is unlikely to be a chance
finding because each individual cruciferous vegetable also showed
the same trend. Mounting evidence suggests that mechanisms
may be different in breast cancer etiology in pre- and postmenopau-
sal women (37-39). In addition to antiproliferative activity against
breast cancer cells, dietary ITCs have been shown to modulate es-
trogen metabolism (16-19), which may have a greater impact on pre-
menopausal women than on postmenopausal women.

It has been established that cooking processes could lead to
heat-inactivation of myrosinase, the enzyme catalyzing the release
of ITCs from the precursors in the vegetables, and the destruction
of heat-labile ITCs (27-29). Few previous studies separately inves-
tigated raw compared with cooked cruciferous vegetable intake in
relation to breast cancer risk, which could partly explain the in-
consistency in the existing literature, because eating or cooking
styles vary across different populations. In the current study, the
3 most commonly consumed cruciferous vegetables in the United
States—broccoli, cauliflower, and cabbage—were examined sepa-
rately in raw and cooked forms (Table 4). Both broccoli and cau-
liflower showed stronger inverse associations with breast cancer
risk when consumed raw than when consumed cooked. However,
aborderline significant association was observed with cooked cab-
bage intake but not with raw cabbage intake. It is possible that
coleslaw consumption (counted as raw consumption) dilutes the
association of raw cabbage intake with breast cancer risk, because
it is usually consumed with mayonnaise, buttermilk, cream, etc.,
and high fat intake is a suspected risk factor for breast cancer
(40). No significant associations were observed with intakes of
Brussels sprouts, kale, and collard, mustard, and turnip greens,
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TABLE 5 ORs (95% Cls) for the association of breast cancer with cruciferous vegetable intake among pre- and postmenopausal

women
Premenopausal women Postmenopausal women
Intake, Cases (n = 394), Controls (n=428), Cases (n = 1097), Controls (n=1054),
servings/mo n (%) n (%) OR (95% CI)' n (%) n (%) OR (95% CI)"  P-interaction
Cruciferous 0.0601
vegetables
<6 122 (31.0) 96 (22.4) 1.00 253 (23.1) 245 (23.2) 1.00
6to <12 96 (24.4) 107 (25.0) 0.60 (0.40, 0.92) 320 (29.2) 282 (26.8) 1.05 (0.82, 1.36)
12 to <25.5 98 (24.9) 107 (25.0) 0.57 (0.38, 0.87) 277 (25.3) 266 (25.2) 0.90 (0.69, 1.18)
=255 78 (19.8) 118 (27.6) 0.40 (0.26, 0.62) 247 (22.5) 261 (24.8) 0.84 (0.64, 1.10)
P-trend 0.0002 0.0915
Broccoli
Raw 0.0397
<1 224 (56.9) 196 (45.8) 1.00 668 (60.9) 617 (58.5) 1.00
=1 170 (43.1) 232 (54.2) 0.59 (0.43, 0.80) 429 (39.1) 437 (41.5) 0.87 (0.71, 1.05)
Cooked 0.0029
<1 117 (29.7) 87 (20.3) 1.00 296 (27.0) 296 (28.1) 1.00
=1 277 (70.3) 341 (79.7) 0.49 (0.34, 0.70) 801 (73.0) 758 (71.9) 0.99 (0.80, 1.22)
Cabbage
Raw 0.0470
<1 263 (66.8) 262 (61.2) 1.00 512 (46.7) 529 (50.2) 1.00
=1 131 (33.2) 166 (38.8) 0.81 (0.59, 1.10) 585 (53.3) 525 (49.8) 1.14 (0.95, 1.37)
Cooked 0.2115
<1 309 (78.4) 302 (70.6) 1.00 708 (64.5) 649 (61.6) 1.00
=1 85 (21.6) 126 (29.4) 0.71 (0.50, 1.00) 389 (35.5) 405 (38.4) 0.89 (0.73, 1.07)
Cauliflower
Raw 0.1343
<1 249 (63.2) 235 (54.9) 1.00 716 (65.3) 659 (62.5) 1.00
=1 145 (36.8) 193 (45.1) 0.60 (0.44, 0.82) 381 (34.7) 395 (37.5) 0.83 (0.69, 1.01)
Cooked 0.0115
<1 196 (49.7) 183 (42.8) 1.00 442 (40.3) 449 (42.6) 1.00
=1 198 (50.3) 245 (57.2) 0.65 (0.48, 0.88) 655 (59.7) 605 (57.4) 1.06 (0.88, 1.27)
Brussels sprouts 0.2911
<1 290 (73.6) 299 (69.9) 1.00 795 (72.5) 763 (72.4) 1.00
=1 104 (26.4) 129 (30.1) 0.83 (0.60, 1.16) 302 (27.5) 291 (27.6) 0.99 (0.81, 1.22)
Greens and kale 0.9453
<1 336 (85.3) 355 (82.9) 1.00 888 (80.9) 832 (78.9) 1.00
=1 58 (14.7) 73(17.1) 0.85 (0.56, 1.29) 209 (19.1) 222 (21.1) 0.86 (0.68, 1.07)

"ORs (95% Cls) were adjusted for age (continuous), year of admission (continuous), family income (6 categories), BMI (continuous), smoking status (current, former, or
never), age at menarche (continuous), parity (no children, 1 child, 2 children, or =3 children), age at first birth (continuous), history of first-degree family member with
breast cancer (yes or no), total meat intake (continuous), and hormone replacement use (yes or no).

which may be partly related to the less common consumption and
frequent overcooking of these vegetables.

Several limitations need to be discussed. Recall bias is always a
concern in case-control studies. The FFQ was completed after diag-
nosis, and so may not provide a precise assessment of dietary habits
before disease. However, in the current study, cases reported a
steady increase in cruciferous vegetable intake during 1982-1998.
If this phenomenon is due to overreporting, the inverse association
between cruciferous vegetable intake and breast cancer risk may be
underestimated in the current study. Selection bias may also occur.
Both cases and controls were limited to individuals who came to the
RPCI, a large regional comprehensive cancer center. However, the
demographic characteristics of our population are comparable to
the general population as shown in Table 1. Therefore, representa-
tiveness might not be a main issue. It needs to be pointed out that
due to lack of physical activity information and to participants
who were predominantly white (99%), these 2 important factors
could not be considered in the study.

In summary, the current study suggests that cruciferous vegeta-
ble intake is associated with reduced breast cancer risk, in particu-
lar with broccoli and cauliflower intakes. The inverse association of
cruciferous vegetable consumption with breast cancer risk seems to
be more apparent in premenopausal women. Biologically, dietary
ITCs obtained from cruciferous vegetables have been shown to
modulate estrogen metabolism, which may, at least partly, explain
the differential effect of cruciferous vegetable intake on pre- and
postmenopausal women, although other mechanisms may apply.
These data also indicate the successful impact of public health ef-
forts on encouraging vegetable consumption, which may change
consumption patterns and modify the results of association studies
on vegetables and disease.
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