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Background: Data on intake of specific
carotenoids and breast cancer risk are
limited. Furthermore, studies of vita-
mins A, C, and E in relation to breast
cancer risk are inconclusive. We have
conducted a large, prospective study to
evaluate long-term intakes of these nu-
trients and breast cancer risk.Methods:

and vegetables high in specific carot-
enoids and vitamins may reduce pre-
menopausal breast cancer risk. [J Natl
Cancer Inst 1999;91:547-56]

Because of their antioxidant proper-
ties, dietary carotenoids and vitamins C
and E can neutralize reactive oxygen spe-
cies, may reduce oxidative DNA damage,
genetic mutationgl), and also may en-
hance host immunologic function@).

All of these reactions may help to protect
against breast carcinogenesis. Preformed
vitamin A (retinol and retinyl esters) is
involved in cell differentiation(3), and
certain carotenoidsafcarotene,-caro-
tene, and3-cryptoxanthin) found in fruits
and vegetables can be metabolized to ret-
inol (4,5). Case—control studies of breast
cancer support a weak protective effect of
carotenoids rather than preformed vitamin

We examined, by use of multivariate A (6), and in three of six cohort studies

analysis, associations between intakes (7—12), risk of breast cancer was lower
of specific carotenoids, vitamins A, C, With increasing intakes of total or pre-
and E , consumption of fruits and veg- formed vitamin A and carotenoids with

etables, and breast cancer risk in a co-
hort of 83 234 women (aged 33-60 years
in 1980) who were participating in the
Nurses’ Health Study. Through 1994,
we identified 2697 incident cases of in-
vasive breast cancer (784 premeno-
pausal and 1913 postmenopausalRe-
sults: Intakes of B-carotene from food
and supplements, lutein/zeaxanthin,
and vitamin A from foods were weakly
inversely associated with breast cancer
risk in premenopausal women. Strong
inverse associations were found for in-
creasing quintiles of a-carotene,
B-carotene, lutein/zeaxanthin, total vi-
tamin C from foods, and total vitamin
A among premenopausal women with a
positive family history of breast cancer.
An inverse association was also found
for increasing quintiles of B-carotene
among premenopausal women who
consumed 15 g or more of alcohol per
day. Premenopausal women who con-
sumed five or more servings per day of
fruits and vegetables had modestly
lower risk of breast cancer than those
who had less than two servings per day
(relative risk [RR] = 0.77; 95% confi-
dence interval [CI] = 0.58-1.02); this
association was stronger among pre-
menopausal women who had a positive
family history of breast cancer (RR =
0.29; 95% CI = 0.13-0.62) or those who
consumed 15 g or more of alcohol per
day (RR = 0.53; 95% CI = 0.27-1.04).
Conclusions: Consumption of fruits
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vitamin A activity (7,8,12).A significant
inverse association between vitamin C in-
take and breast cancer risk was found in a
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meta_analysis of 12 case—control studiegomen had all four dietary questionnaires, and 72%requency questionnaire were correlated with their
(13)_ prospective studie$6—12), how- Qf the women had all three most recent digtaw queg’espective plasma concentrations; among no_n_smok—
ever, have not Supported associations bggnnawes. Women also were excluded if thgy reing women, the Pearson correlation coefficients
tween vitamins C or E and breast Canceported uncertain menopausal status or had inconmwere .48 fora-carotene, .27 fop-carotene and lu-
. [glete information on menopausal status. tein/zeaxanthin, .32 fg8-cryptoxanthin, and .21 for
risk. Women were classified as postmenopausal frortycopene(25).

Food composition data have recentlyhe time they returned a questionnaire on which they .
become available for specific carotenoidseported natural menopause or hysterectomy withscertainment of Breast Cancer Cases

(14,15).In a case—control study using thebilateral oophorectomy. Women who reported ys- nigent cases of invasive breast cancer were

new U.S. Department of Agriculture—terectomy without bilateral oophorectomy wereyeniifieq by self-report on each biennial question-

National Cancer Institute (USDA-NCI) classhifizdt:s uncert?in r:nehnopa:usall status until theyaire from the period 1982 through 1994. Deaths in
. . reached the age at which natural menopause ; i ;

carotenoid food composition database, . e cohort were identified by reports from family

p akcurred in 90% of the cohort (54 years for currenty e moers, the postal service, and a search of the

inverse association between ri3|_< of pregigarette smokers and 56 years for nonsmokers), Rational Death Inde26): we estimate that 98% of
menopausal breast cancer and intakes @hich case they were classified as postmenopausaly qeaths were identified. Women who reported

B-carotene and lutein/zeaxanthin was obvienopause status was updated every 2 years. The§fsast cancer (or their next of kin if the study par-
served (16). Inverse associations werewere 53938 premenopausal women in 1980 angiyant had died) were asked for permission to ob-
also observed between these nutrienf® 4hZG p;sémenopausall quTnd'ndeM' i tain hospital records and pathology reports. Physi-
measured in breast adipose tissue am(?sTtoreyt f7breq;setsct:nncnearlriﬁ ltr;l(;umgthgrqouressig?; o\;‘veians without knowledge of dietary information of

breast cancer rism7). - e study participants reviewed the records. During

: ,updated information on family history (yes/no) in 1 4 years of follow-up, we documented 784 incident
In an earlier report from the NUrses’19g2, 1988, and 1992. The study was approved bé(as)(les of invasive Er'east cancer among premeno-

Health Study, we examined the relationthe Human Research Committee at the Brigham angh ,sal women, 1913 cases among postmenopausal
ships between baseline intakes of Vi-ta_Women’s Hospital. Data on alcohol consumption,omen and 259 cases among women with uncertain
mins A, C, and E and breast cancer riskere obtained from food-frequency questionnairesy,ononaysal status (excluded from this analysis).
during 8 years of follow-ug7), but at that 1o Semiquantitative Food-Frequency The mean age at diagnosis was 47 years for pre-
time, a carotenoid food composition dataQuestionnaire menopausal case patients and 60 years for post-
base was not available. We now examing menopausal case patients. We included in the data
intakes of specific carotenoids; vitamins The validity and reliability of the food-frequency analysis 145 breast cancer case patients for whom no

; ; uestionnaires in the Nurses' Health Stud haVénedical records could be obtained because the ac-
A G, Z-ind -E' and- fruit ar-]d Vegetable Con-geen described elsewhdE-20).For each fOO{i in curacy of self-reporting was extremely high (>99%)
sumption in relation to risk of breast can- Among those for whom we were able to obtain medi-

. . . the questionnaires, a commonly used unit or portio
cer in this cohort during 14 years of fol- ;. (e.g., one tomato or one slice of bread) waS?' '6€Ods.

low-up using repeated measures of diet tQuecified, and women were asked how often, on avg
better represent long-term intakes. As @rage, over the previous year they had consumed
secondary hypothesis, we also evaluatetat amount of each food. There were nine possible Person-years of follow-up for each participant
whether these relations vary by familyresponses, ranging from “never” to “six or morewere calculated from the date of returning the 1980
history of breast cancer and alcohol inlimes per day.” Nutrient intake was computed byguestionnaire to the date of diagnosis of breast can-
multiplying the frequency of response by the nutri-cer, death, or June 1, 1994, whichever came first.

tatistical Analysis

take. ent content of the specific portion sizes. We alsd-or nutrient analyses, women were categorized by

M ETHODS asked questions on the use of specific vitamins anquintile of nutrient intakes with adjustment for total
brand and type of multivitamins as well as dose an@nergy by the residual meth@a87). For analysis of

Study Cohort duration of use; vitamin supplement use was upassociation between the consumption of fruits and

dated biennially. A comprehensive database on mukegetables and the risk of breast cancer, frequencies

In 1976, 121 700 female nurses aged 30-55 yeat/itamin preparations that provides the dose of viwere summed over all fruits and vegetables. Cruci-
living in 11 states of the United States completed aamins A, C, and E in each preparation waderous vegetables include broccoli, kale, cauli-
mailed questionnaire and provided medical historyleveloped at Harvard University. flower, cabbage or cole slaw, and Brussels sprouts.
and health-related information. Every 2 years, a Values for nutrients in foods were derived fromIn addition, we classified women by their use of
mailed questionnaire was sent to cohort members tine USDA source$21) and supplemented with in- specific supplements of vitamins A, C or E and mul-
update information on potential risk factors and toformation from manufacturers. Food compositiontivitamins and by dose and duration among current
ascertain newly diagnosed cancers and other dislata for specific types of carotenoids were based onsers.
eases. Through May 31, 1994, the follow-up ratehe USDA-NCI carotenoid database developed by For each category of nutrient intake, we calcu-
was 95% complete as percentage of potential pe€€hug-Ahuja et al(14) and Mangels et a[15).Val-  lated incidence rate by dividing the number of breast
son-years. In 1980, a 61 food-item semiquantitativeies for lutein and zeaxanthin were reported as contancer cases by the number of person-years of fol-
food-frequency questionnaire was included to asse$sned. The carotenoid content of tomato-based footbw-up. Relative risk was calculated by dividing the
dietary intake. The 1984 food-frequency questionproducts was updated with values from the USDAincidence rate in an exposure category by the cor-
naire was expanded to 126 items. Similar question22). responding rate in the reference category. Age-
naires were used in 1986 and in 1990 to update the Nutrient intakes calculated from the 1980 food-adjusted relative risks were calculated with the use
dietary intakes of the participating women. frequency questionnaire were reasonably correlateaf 5-year age categories by the Mantel-Haenszel

For the analyses presented here, women were ewith those recorded by 173 Boston women who kepimethod(28). In multivariate analyses using pooled
cluded at baseline if their responses to the 1980 ddiet diaries for four 1-week periods more than 1 yeatogistic regression models with 2-year time incre-
etary questionnaire had implausible total energy in¢18,19).Pearson correlation coefficients between esments(29,30), we simultaneously adjusted for age
take (<500 or >3500 kcal/day), if they left 10 or timates from the food-frequency questionnaire and5-year categories), length of follow-up, total energy
more food items blank, or if they had a previousfrom the four 1-week dietary records were .49 andntake (quintiles), parity (0,1 or 2, 3 or 4, &15), age
diagnosis of cancer (other than nonmelanoma skirv5 for total vitamins A and C from food and supple-at first birth (=24, 25-29, or=30 years), age at
cancer). The final 1980 baseline population conments and .36 and .66 for intakes from foods, remenarche<£12, 13, or=14 years), history of breast
sisted of 83234 women. Among the women in-spectively(18).Vitamin E intake was positively cor- cancer in mother or a sister (yes or no), history of
cluded, response rates were 80% for the 1984 dietarglated with its plasma concentrations in two studie®enign breast disease (yes or no), alcohol intake (0,
guestionnaire and 76% for the 1986 and 1990 difr = .34(23); r = .52 (24)]. The estimates of spe- 0.1-4.9, 5-14.9, ox15 g/day), body mass index at
etary questionnaires. Approximately 61% of thecific dietary carotenoids from the 1986 food-age 18 years (<20320 to <22,=22 to <24,=24 to
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<27, or =27 kg/nt), weight change from age 18 cer and intakes of specific dietary carotger (P<.05) among premenopausal
years (loss >2, loss or gain of 2, gain >2%6, gain  enopjds and total vitamins A, C, and E,women who consumed greater than or
>5 to =10, gain >10 0=20, gain >20 10=25, o1 oy sant for a weak inverse association foequal to 15 g/day of alcohol (-= 120
gain >25 kg), and height in inches. For the analyses . . . .
among postmenopausal women, the models also ifotal vitamin E from fooo! and s_upple- case patlent_s), _Whereas no dlfference_ was
cluded indicator variables for age at menopaus&nents (Table 1). Tests for interactions beebserved with intake of preformed vita-
(<45, 45-49, 50-54, o&55 years) and postmeno- tween nutrients and menopausal statumin A (Table 2, B). These inverse asso-
pausal hormone use (never, past <5 years, p&t and breast cancer risk were statisticallgiations remained after further adjustment
ye{‘_;&r gs;::ee”tv;;iﬁes;;g; f/‘;:f;gny:ﬁzs)r-epresemsignificant only for intakes of preformed for total folate intake but were attenuated
long-term dietary intake of participants, we modeledwtamlr! A frpm food and supplements andafter further controlling for total vitamin
the incidence of breast cancer in relation to the citotal vitamin E from food and supple- C from food and supplements. Tests for
mulative average of dietary intake from all availablements. Because postmenopausal womeénteractions between nutrients and alcohol
dietary questionnaires up to the start of each 2-yeaurrently taking hormones have biologicconsumption and breast cancer risk were
follow-up interval (31). For example, the incidence simijlarities with premenopausal womennot statistically significant. Among post-
of breast cancer from the period 1980 through 198435y \ye stratified our analyses by use oimenopausal women who consumed
was related to the dietary information from the 1980
questionnaire, and the incidence of breast canciostmenopausal hormone therapygrea.ter than or equal to 15 g/day of alco-
during the 1984 through 1986 time period was reAMONg current hormone users, the multihol, intake of preformed vitamin A from
lated to the average intake from the 1980 and 198¥ariate relative risks for women in thefood and supplements was significantly
questionnaires. In these models, nondietary covarhighest quintile as compared with those inelated to lower risk of breast cancer; the
ates, e.g., age, parity, history of breast cancer ifhe |owest quintile were 0.78 (95% G+ relative risks for increasing quintiles were
V”;gitgﬁtrczfai;Sftrifr'nh;;‘ggfs‘jegfg'gaf;:;‘*tarf;g'jgg‘jg).60—1.01) for carotenoid vitamin A, 0.891.00, 0.82, 0.91, 0.67, and 0.66 (95% ClI
and postmenopausal hormone uée, were updated 95% CI = 0.69-1.15) fora-carotene, for the hlg.he.st quintile compared with the
ennially. For all relative risks, 95% confidence in-0-77 (95% Cl= 0.59-0.99) forB-caro- lowest quintile= 0.47-0.93).
tervals (Cls) were calculated and &lvalues were tene from food and supplements, 0.79 Intakes of fruits or vegetables were as-
two-tailed. Since the results of age-adjusted relativg95% Cl| = 0.61-1.03) forp-carotene sociated with lower risk of premeno-
risks were virtually identical to those of multivariate from foods, 0.90 (95% Ck 0.69-1.18) pausal breast cancer (Table 3). When
adjusted analysis; only the multivariate adjusteq, |, ;iein/7eaxanthin, 0.77 (95% Ck  fruits and vegetables were grouped to-
relative risks were reported. The test for linear com- .
ponent of trend was conducted by use of the mediafl-58—1.01) forpB-cryptoxanthin, 0.95 gether, women V\_/ho consumed greater
value of the cumulative updated nutrient intake fo{99% Cl = 0.74-1.23) for lycopene, 0.83than or equal to five servings/day had a
each quintile analyzed as a continuous variable. (95% Cl = 0.64-1.07) for preformed vi- 23% lower risk of premenopausal breast
Analyses were stratified by menopausal statusamin A from food and supplements, 1.13cancer P for trend = .05) (Table 3). The
family history of breast cancer, or alcohol intake(959, C| = 0.86—1.49) for preformed vi- association did not change when we fur-
;Zloitoﬁfdﬁfk";y;L1059gliI‘(’;ﬁﬁ‘;zo'r:t’izggztsqv‘;:itamin A from foods, 0.79 (95% Ck ther divided the highest category into six
used to compare models with or without interaction0.61—1.03) for total vitamin A from food to 6.'9 or greater th_an'(_)r equal to seven
terms between nutrient intake and menopausal stat@d'd supplements, and 0.94 (95% €l servings/day. No significant association
or family history of breast cancer and alcohol intake 0. 72—1.22) for total vitamin A from foods. was observed between consumption of
Etiologic mechanisms of carcinogenedruits or vegetables and overall risk of
REsuULTS sis may vary according to family history postmenopausal breast cancer (Table 3).
of breast cance(33,34). Among women Fruit consumption was inversely associ-
Among premenopausal women, in-with a positive family history (n= 90 ated with risk of postmenopausal breast
takes of3-carotene from food and supple-case patients) of breast cancercaro- cancer among women currently taking
ments, lutein/zeaxanthin, and total vitatene, p-carotene from food and supple-hormones; the relative risk was 0.57 (95%
min A from foods were weakly inversely ments, B-carotene from foods, lutein/ Cl = 0.33-1.00) for women who con-
associated with risk of breast cancer aftezeaxanthin, carotenoid vitamin A, totalsumed greater than or equal to five serv-
adjustment for age, length of follow-up,vitamin A from food and supplements, to-ings/day. The comparable relative risks
total energy intake, parity, age at firsttal vitamin A from foods, and vitamin C were 0.87 (95% Ck 0.63-1.20) for veg-
birth, age at menarche, history of breastrom foods were associated with 53%-etable consumption and 0.86 (95% €l
cancer in mother or a sister, history of63% lower risk of breast cancer when0.54-1.39) for fruit and vegetable con-
benign breast disease, alcohol intakesomparing women in the extreme quinssumption. Intakes of cruciferous veg-
body mass index at age 18 years, weightles of intakes of these nutrient® for etables had only weak, nonsignificant in-
change from age 18 years, and heightend=.01) (Table 2, A). Tests for inter- verse associations with breast cancer risk
(Table 1). Women in the highest quintileactions between nutrients and family hisamong premenopausal women. The asso-
of intakes of lutein/zeaxanthin and pretory of breast cancer and breast cancexations with fruits and vegetables were
formed vitamin A from food and supple-risk were statistically significant for in- stronger among premenopausal women
ments had statistically significant 21%takes of3-carotene from food and supple-who had a positive family history of
and 22% reductions in risk of breast canments,3-carotene from foods, carotenoidbreast cancer or consumed alcohol. The
cer as compared with those in the lowestitamin A, total vitamin A from foods, relative risks for intake of greater than or

quintile. Additionally, a weak positive as- and vitamin C from foodsH<.05). equal to five servings/day of fruits and
sociation was seen with total vitamin E The inverse associations pfcarotene vegetables were 0.29 (95% G+ 0.13-
from food and supplements. from food and supplementg-carotene 0.62; P for trend = .003) for premeno-

No associations were seen betweefrom foods, carotenoid vitamin A, and to-pausal women who had a positive family
overall risk of postmenopausal breast cartal vitamin A from foods were also stron- history and 0.53 (95% C# 0.27-1.04P
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Table 1.Multivariate adjusted relative risks (RRs) and 95% confidence intervals (ClIs) for breast cancer* according to the quintile group
for cumulative updated average intake of specific dietary carotenoids and vitamins A, C, and E by menopausal statust,t in a cohort of
83234 women, for the period from 1980 through 1994

Quintile (Q) of nutrient intake8

1 (low) 95% ClI| P for
Nutrient [referent] 2 3 4 5 (high) for Q5 trendq
Carotenoid vitamin A, U/day#.........ccccccvveeninnenne 1037 1633 2253 3087 4680
Premenopausalt 1.00 0.88 1.00 0.73 0.84 0.67-1.05 .06
Postmenopausalt,t 1.00 1.01 1.02 1.01 0.95 0.82-1.10 .38
a-Carotenepg/day .........ccoceeiviieiiieee e 220 373 507 818 1453
Premenopausalt 1.00 0.97 0.88 0.89 0.84 0.67-1.06 14
Postmenopausalt,t 1.00 0.98 111 0.97 0.98 0.85-1.13 .48
B-Carotene from food and supplemenig/day ......1683 2685 3719 5082 7694
Premenopausalt 1.00 0.89 0.99 0.75 0.83 0.66-1.04 .04
Postmenopausalt,t 1.00 0.97 1.01 1.00 0.94 0.81-1.09 42
B-Carotene, food onlypg/day .......cccceevvveeiveeennen. 1677 2669 3687 5030 7609
Premenopausalt 1.00 0.90 1.00 0.78 0.84 0.67-1.05 .07
Postmenopausalt,t 1.00 1.01 0.98 1.04 0.94 0.81-1.09 42
Lutein/zeaxanthinug/day ..........c.cccooveviiniiiiiennn. 1376 2292 3186 5106 8796
Premenopausalt 1.00 0.92 0.86 0.82 0.79 0.63-0.99 .04
Postmenopausalt,t 1.00 1.11 1.05 1.04 0.95 0.82-1.10 12
B-Cryptoxanthin,wg/day..........cccceevienivenininniennene. 20.. 45 69 102 175
Premenopausalt 1.00 1.03 0.97 1.05 0.89 0.70-1.13 .34
Postmenopausalt,t 1.00 0.98 0.96 1.05 0.97 0.84-1.12 91
Lycopene,ng/day ........cccccooieiiiiiiiiieiiiee e 1520 4090 6077 8405 12688
Premenopausalt 1.00 0.99 0.94 1.04 1.10 0.87-1.38 .34
Postmenopausalt,t 1.00 1.03 0.97 0.96 1.02 0.88-1.18 .97
Preformed vitamin A from food and
supplements, 1U/day ........ccccoceeeeiiveeiiieeennns 1021 1968 3108 5307 9366
Premenopausalt 1.00 0.76 0.83 1.02 0.78 0.62-0.99 44
Postmenopausalt,t 1.00 0.96 1.03 0.91 0.95 0.83-1.10 .40
Preformed vitamin A, food only, IU/day ................ 800 1427 1954 2630 4391
Premenopausalt 1.00 0.89 0.84 0.89 0.88 0.70-1.10 .34
Postmenopausalt,t 1.00 1.03 1.05 1.05 1.05 0.91-1.21 .63
Total vitamin A from food and
supplements, 1U/day .........cccccovveiiiiiiiinenn. 5873 8842 11525 14823 21379
Premenopausalt 1.00 0.92 0.88 0.72 0.87 0.70-1.09 .07
Postmenopausalt,t 1.00 1.08 0.97 0.98 1.03 0.89-1.20 .98
Total vitamin A, food only, IU/day..........c..ccuee... 5293 7590 9680 12260 17073
Premenopausalt 1.00 0.93 0.94 0.72 0.82 0.65-1.04 .02
Postmenopausalt,t 1.00 1.01 1.00 1.05 1.03 0.89-1.19 .59
Total vitamin C from food and
supplements, Mg/day .........ccccooeeeriiieenineenn 83.... 130 177 277 710
Premenopausalt 1.00 0.91 0.96 0.97 1.01 0.81-1.26 .59
Postmenopausalt,t 1.00 0.98 0.91 0.97 0.99 0.85-1.14 77
Total vitamin C, food only, mg/day ...........ccccceeuenne 70.. 103 128 156 205
Premenopausalt 1.00 0.99 0.78 0.91 1.01 0.81-1.26 .82
Postmenopausalt,t 1.00 1.03 1.05 1.01 1.06 0.91-1.22 .57
Total vitamin E from food and
supplements, 1U/day ..........ccccoeeeiiiiiiiiciiiiees ST 7 11 22 251
Premenopausalt 1.00 0.89 0.96 1.01 1.22 0.98-1.52 .007
Postmenopausalt,t 1.00 0.81 0.85 0.82 0.84 0.72-0.96 .50
Total vitamin E, food only, lU/day ...........ccccecvvennnee. 5. 6 7 8 10
Premenopausalt 1.00 0.77 0.89 0.95 0.81 0.64-1.02 .29
Postmenopausalt,t 1.00 0.99 0.85 0.90 0.96 0.83-1.11 .55

*A total of 784 incident cases of invasive breast cancer were diagnosed in premenopausal women, and 1913 cases were diagnosed in postmenapausal wom
tThe model included indicator variables for age (5-year categories), length of follow-up, total energy intake (quintiles), parity (0, 1 or 2r 3-6),4ag® at
first birth (<24, 25-29, 0=30 years), age at menarcheX2, 13, or=14 years), history of breast cancer in mother or a sister (yes or no), history of benign breast
disease (yes or no), alcohol intake (0, 0.1-4.9, 5-14.9: 1 g/day), body mass index (weight in kg/height iR)rx20, =20 to <22,=22 to <24,=24 to <27,
or =27) at age 18 years, weight change from age 18 years (loss >2, loss or gain of 2, gair52g@in >5 to<10, gain >10 to<20, gain >20 to<25, or gain
>25 kg), and height in inches.
FThe model also included indicator variables for age at menopause (<45, 45-49, 50=55, y&ars) and for postmenopausal hormone use (never, past <5 years,
past=5 years, current <5 years, or currenb years).
§Values for intake are medians for each quintile, computed as the cumulative updated aseedlglethods” section).
195% CI for Q5= 95% Cls for RRs for quintile 5 (Q5).
P values are two-sided (Wald's test).
#0One international unit of vitamin A activity is defined as equal to Qu§0of B-carotene.
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for trend = .007) for women consuming menopausal or postmenopausal womeunrf lutein/zeaxanthin,-carotene from
greater than or equal to 15 g/day of alcoseparately, even when taken in high dosésod and supplements, total vitamin A

hol. When we examined individual foodsor for long periods. from foods, and consumption of fruits and
that were the major or primary contribu- vegetables were inversely associated with
tors to carotenoid intake, nonsignificanDISCUSSION risk of premenopausal breast cancer.
inverse trends were seen for most; no These inverse associations were strongest
single food accounted for the overall as- To our knowledge, this is the first pro-among women at elevated risk due to a
sociations. spective cohort study to examine the rislpositive family history of breast cancer or

The use of specific vitamin supple-of breast cancer among premenopausabnsumption of greater than or equal to
ments and multivitamins was not signifi-and postmenopausal women by dietar5 g/day of alcohol. Intakes of these nu-
cantly associated with overall risk ofintakes of specific carotenoids and vitatrients had no appreciable overall associa-
breast cancer (Table 4) or among premins A, C, and E. In this cohort, intakestions with risk of postmenopausal breast

Table 2, A. Multivariate adjusted relative risks (RRs) and 95% confidence intervals (Cls) for premenopausal breast cancer* according to
family history of breast cancert for cumulative updated average intake of specific dietary carotenoids and vitamins A, C, and E among
53938 women who were premenopausal at baseline, for the period from 1980 through 1994

Quintile (Q) of nutrient intaket

1 (low) 95% CI§ P for

Nutrient [referent] 2 3 4 5 (high) for Q5 trend|
Carotenoid vitamin A, IU/day

Family history, yest 1.00 0.69 0.57 0.27 0.38 0.19-0.77 .001

Family history, not 1.00 0.90 1.09 0.80 0.93 0.73-1.19 A1
a-Carotenepg/day

Family history, yest 1.00 1.05 0.67 0.48 0.47 0.23-0.98 .01

Family history, not 1.00 0.96 0.90 0.96 0.89 0.70-1.14 .46
B-Carotene from food and supplemenigy/day

Family history, yest 1.00 0.67 0.58 0.23 0.42 0.21-0.83 .002

Family history, not 1.00 0.91 1.07 0.83 0.91 0.71-1.16 .33
B-Carotene, food only.g/day

Family history, yest 1.00 0.71 0.57 0.23 0.38 0.19-0.77 <.001

Family history, not 1.00 0.91 1.08 0.87 0.93 0.73-1.18 .48
Lutein/zeaxanthinp.g/day

Family history, yest 1.00 0.89 0.56 0.47 0.38 0.18-0.81 .004

Family history, not 1.00 0.93 0.92 0.89 0.88 0.69-1.12 .32
B-Cryptoxanthin,.g/day

Family history, yest 1.00 0.64 0.88 0.45 0.57 0.28-1.15 .09

Family history, not 1.00 1.09 0.99 1.15 0.94 0.73-1.22 71
Lycopene,ung/day

Family history, yest 1.00 1.83 0.76 121 1.42 0.70-2.88 .75

Family history, not 1.00 0.91 0.96 1.03 1.05 0.82-1.34 43
Preformed vitamin A from food and supplements, 1U/day

Family history, yest 1.00 0.75 0.70 1.02 0.59 0.29-1.21 .38

Family history, not 1.00 0.76 0.86 1.04 0.82 0.64-1.04 .67
Preformed vitamin A, food only, IU/day

Family history, yest 1.00 0.75 0.76 0.67 0.62 0.31-1.23 .19

Family history, not 1.00 0.91 0.85 0.93 0.92 0.72-1.17 .63
Total vitamin A from food and supplements, IU/day

Family history, yest 1.00 0.50 0.66 0.38 0.41 0.20-0.84 .01

Family history, not 1.00 1.00 0.92 0.77 0.96 0.76-1.22 .34
Total vitamin A, food only, IU/day

Family history, yest 1.00 0.65 0.47 0.23 0.38 0.19-0.77 <.001

Family history, not 1.00 0.99 1.02 0.81 0.92 0.72-1.17 .23
Total vitamin C from food and supplements, mg/day

Family history, yest 1.00 0.95 0.77 0.55 0.97 0.52-1.79 91

Family history, not 1.00 0.88 0.97 1.03 1.02 0.80-1.28 .53
Total vitamin C, food only, mg/day

Family history, yest 1.00 0.78 0.78 0.42 0.37 0.17-0.80 .002

Family history, not 1.00 1.03 0.76 1.00 112 0.89-1.41 43
Total vitamin E from food and supplements, IU/day

Family history, yest 1.00 1.34 1.64 1.27 1.41 0.69-2.89 77

Family history, not 1.00 0.84 0.89 0.98 121 0.96-1.53 .004
Total vitamin E, food only, IU/day

Family history, yest 1.00 0.62 0.81 0.91 0.57 0.28-1.15 .27

Family history, not 1.00 0.79 0.90 0.95 0.84 0.66-1.07 43
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Table 2, B.Multivariate adjusted relative risks (RRs) and 95% confidence intervals (Cls) for premenopausal breast cancery according to
alcohol intake# for cumulative updated average intake of specific dietary carotenoids and vitamin A among 53 938 women who were
premenopausal at baseline, for the period from 1980 through 1994

Quintile (Q) of nutrient intaket

1 (low) 95% CI8 P for

Nutrient [referent] 2 3 4 5 (high) for Q5 trend|
Carotenoid vitamin A, IU/day

Alcohol, <15 g/dayt 1.00 0.94 1.08 0.81 0.90 0.70-1.15 .23

Alcohol, =15 g/dayt 1.00 0.64 0.63 0.43 0.59 0.33-1.04 .04
a-Carotenepg/day

Alcohol, <15 g/dayt 1.00 1.02 0.95 0.97 0.87 0.67-1.12 .23

Alcohol, =15 g/dayt 1.00 0.84 0.56 0.58 0.71 0.41-1.25 .23
B-Carotene from food and supplemenjigy/day

Alcohol, <15 g/dayt 1.00 0.97 1.09 0.83 0.90 0.70-1.15 .20

Alcohol, =15 g/dayt 1.00 0.60 0.55 0.47 0.55 0.31-0.97 .04
B-Carotene, food only.g/day

Alcohol, <15 g/dayt 1.00 0.97 1.09 0.87 0.91 0.71-1.17 .28

Alcohol, =15 g/dayt 1.00 0.60 0.55 0.47 0.55 0.32-0.97 .03
Lutein/zeaxanthinp.g/day

Alcohol, <15 g/dayt 1.00 0.98 0.92 0.92 0.82 0.64-1.06 A1

Alcohol, =15 g/dayt 1.00 0.72 0.78 0.44 0.73 0.43-1.24 .29
B-Cryptoxanthin,.g/day

Alcohol, <15 g/dayt 1.00 1.08 1.07 1.11 0.95 0.73-1.24 .67

Alcohol, =15 g/dayt 1.00 0.79 0.59 0.83 0.62 0.32-1.22 19
Lycopene,ug/day

Alcohol, <15 g/dayt 1.00 0.95 1.02 1.16 1.17 0.91-1.51 .07

Alcohol, =15 g/dayt 1.00 1.12 0.51 0.56 0.72 0.41-1.28 .07
Preformed vitamin A from food and supplements, 1U/day

Alcohol, <15 g/dayt 1.00 0.67 0.80 0.98 0.78 0.61-1.00 .62

Alcohol, =15 g/dayt 1.00 1.31 1.01 1.30 0.78 0.41-1.48 .45
Preformed vitamin A, food only, IU/day

Alcohol, >15 g/dayt 1.00 0.87 0.80 0.84 0.88 0.69-1.13 41

Alcohol, =15 g/dayt 1.00 0.91 1.14 1.39 0.73 0.38-1.43 71
Total vitamin A from food and supplements, IU/day

Alcohol, <15 g/dayt 1.00 0.96 0.97 0.77 0.92 0.72-1.18 .23

Alcohol, =15 g/dayt 1.00 0.75 0.54 0.49 0.68 0.39-1.20 .08
Total vitamin A, food only, IU/day

Alcohol, <15 g/dayt 1.00 0.97 1.03 0.82 0.87 0.68-1.12 14

Alcohol, =15 g/dayt 1.00 0.70 0.60 0.34 0.61 0.35-1.08 .02

*A total of 90 incident cases of invasive breast cancer were diagnosed among women with a positive family history of breast cancer, and 689 cagessedre di
among women without such a history. Information on some covariates was not available for five case patients and, therefore, these five patientieddrera
this analysis.

TThe model included indicator variables for age (5-year categories), length of follow-up, total energy intake (quintiles), parity (0, 1 or 2r 3-6),4ge at
first birth (<24, 25-29, or=30 years), age at menarche2, 13, or=14 years), history of benign breast disease (yes or no), alcohol intake (0, 0.1-4.9, 5-14.9,
or =15 g/day), body mass index (weight in kg/height if)ifx20, =20 to <22,>22 to <24,=24 to <27, or=27) at age 18 years, weight change from age 18 years
(loss >2, loss or gain of 2, gain >2 t5, gain >5 to<10, gain >10 to<20, gain >20 to<25, or gain >25 kg), and height in inches.

fMedian values for quintiles of all nutrient variables are given in Table 1.

895% CI for Q5= 95% Cls for RRs for quintile 5 (Q5).

|P values are two-sided (Wald's test).

1A total of 120 incident cases of invasive breast cancer were diagnosed among women who consumed greater than or equal to 15 g/day of alcohasand 657 ca:
were diagnosed among women who consumed less than 15 g/day of alcohol. Information on certain covariates was not available for seven patiefaseand, the
these seven patients were excluded from the analysis.

#The model included indicator variables for age (5-year categories), length of follow-up, total energy intake (quintiles), parity (0, 1 or 2r 3-6},4ge at
first birth (<24, 25-29, 0=30 years), age at menarcheX2, 13, or=14 years), history of breast cancer in mother or a sister (yes or no), history of benign breast
disease (yes or no), body mass index (weight in kg/heightan(s20, =20 to <22,=22 to <24,=24 to <27, or=27) at age 18 years, weight change from age
18 years (loss >2, loss or gain of 2, gain >2<t6, gain >5 to<10, gain >10 to<20, gain >20 to<25, or gain >25 kg), and height in inches.

cancer, but they had inverse relationshipndings from a previous analysis in thisstronger among premenopausal women
among postmenopausal women currentlgohort with 8 years of follow-ug7). At (7). Our updated analyses, which used
taking hormones. In addition, the use othat time, no associations were seen bdeod composition data for specific carot-
supplements of vitamins A, C, and E andween vitamin C or E intake and breasenoids, suggest that apparent beneficial
multivitamins was not associated withcancer risk. However, there were modestffects of carotenoid intakes might be at-
overall risk of breast cancer. inverse associations between preformetlibutable to «-carotene,p-carotene, or
The results of this 14-year follow-up vitamin A and carotenoid vitamin A in- lutein/zeaxanthin, but not {-cryptoxan-
study largely corroborate and extend théakes and breast cancer risk, which werthin and lycopene. This is consistent with
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Table 3. Multivariate adjusted relative risks (RRs) and 95% confidence intervals (Cls) for breast cancer* according to the categories for cumulative
updated average intake of fruits and vegetables by menopausal statust,f in a cohort of 83 234 women, for the period from 1980 through 1994

Servings/day
<2 P for
(referent) 2.0-2.9 3.0-3.9 4.0-4.9 =5.0 trend§
Fruits
Premenopausalt 1.00 0.94 (0.79-1.11) 0.99 (0.79-1.26) 0.70 (0.45-1.08) 0.74 (0.45-1.24) .13
Postmenopausalt,t 1.00 0.97 (0.87-1.08) 0.94 (0.82-1.08) 0.89 (0.72-1.09) 0.84 (0.64-1.09) .10
Vegetables
Premenopausalt 1.00 0.83 (0.69-0.99) 0.95 (0.77-1.18) 0.92 (0.68-1.24) 0.64 (0.43-0.95) .10
Postmenopausalt,t 1.00 1.08 (0.95-1.22) 1.01 (0.88-1.17) 1.13(0.95-1.33) 1.02 (0.85-1.24) .61
Fruits and vegetables
Premenopausalt 1.00 0.89 (0.67-1.18) 0.90 (0.68-1.19) 0.83 (0.62-1.11) 0.77 (0.58-1.02) .05
Postmenopausalt,t 1.00 0.98 (0.75-1.27) 1.05 (0.82-1.35) 1.05 (0.82-1.35) 1.03 (0.81-1.31) .73
Servings/day
<0.25 P for
(referent) 0.25-0.49 0.50-0.74 0.75-0.90 =1.00 trend§
Cruciferous vegetables
Premenopausalt 1.00 0.79 (0.67-0.92) 0.90 (0.71-1.14) 0.92 (0.69-1.24) 0.83(0.52-1.32) .19
Postmenopausalt,t 1.00 0.96 (0.86-1.07) 1.06 (0.93-1.22) 0.98 (0.82-1.18) 0.98 (0.77-1.25) .83

*A total of 784 incident cases of invasive breast cancer were diagnosed in premenopausal women, and 1913 cases were diagnosed in postmenapausal wom
TThe model included indicator variables for age (5-year categories), length of follow-up, total energy intake (quintiles), parity (0, 1 or 2r 3-6},4ge at
first birth (<24, 25-29, 0=30 years), age at menarcheX2, 13, or=14 years), history of breast cancer in mother or a sister (yes or no), history of benign breast
disease (yes or no), alcohol intake (0, 0.1-4.9, 5-14.9: 1% g/day), body mass index (weight in kg/height iR)rx20, =20 to <22,=22 to <24,=24 to <27,
or =27) at age 18 years, weight change from age 18 years (loss >2, loss or gain of 2, gais52g@n >5 to<10, gain >10 to<20, gain >20 to<25, or gain
>25 kg), and height in inches.

$The model also included indicator variables for age at menopause (<45, 45-49, 50=58,\@ars) and for postmenopausal hormone use (never, past <5 years,
past=5 years, current <5 years, or currenb years).
8P values are two-sided (Wald's test).

a population-based case—control studtamins A and C, and possibly for totalgens had higher plasma levels of carot-
among premenopausal woméh6). In vitamin E from foods were strongestenoids than did postmenopausal women
our study, total vitamin E from food andamong premenopausal women with aot taking estrogens, even controlling for
supplements was related to a weak inpositive family history of breast cancer,intake (25). This may also partly explain
creased risk of premenopausal breast casupporting the hypothesis that the causeur findings that inverse associations be-
cer; however, no dose or duration relatiorof breast cancer differs among women adween carotenoids and breast cancer risk
was seen. We speculated that it might beording to their family history of breastwere present among premenopausal
due to use of vitamin E supplements foicancer(34). women and among postmenopausal
the treatment of more severe benign In vitro studies have shown that reti-women currently taking hormones.
breast disease. Notably, it was seen onlyoic acid strongly inhibits proliferation of ~ Consumption of alcohol increases risk
among premenopausal women (who havestrogen receptor (ER)-positive humarf breast cancer, even among young pre-
more symptoms of benign breast diseaselpreast cancer cells through retinoic aciadnenopausal womei§36,37). Metabolic
Consistent with the findings from threereceptors (RARS), but does not inhibit thestudies (38,39) among baboons and
other prospective cohorts of postmenogrowth of ER-negative cell§35). How- among premenopausal women suggest
pausal womerf9-11),there were no sig- ever, estrogens were found to increase exhat alcohol may interfere with conver-
nificant overall relationships between di-pression of RAR gene in ER-positive sion ofB-carotene to vitamin A. This may
etary intakes of vitamins A, C, and E andbreast cancer cell§35), which suggests explain why the inverse associations of
fruit and vegetable consumption andhat the anticarcinogenic effects of reti-dietary B-carotene and total vitamin A
breast cancer risk among postmenopausabic acid might require estrogens to in-and risk of breast cancer were stronger
women. duce its nuclear receptor (RAR). Consisamong women who consumed greater
Few studies have addressed the hytent with the findings fromin vitro than or equal to 15 g/day of alcohol com-
pothesis that family history of breast canstudies, we observed the inverse associgared with those who consumed less. For-
cer might modify the associations of diettions between vitamin A and provitaminman et al.(39) also reported a decreased
and breast cancer. In a case—control studg, carotenoids and breast cancer risk onlplasma concentration of lutein/zeaxanthin
the risk of breast cancer was inversely reamong premenopausal women and amortgut a slightly increased concentration of
lated to higher intake ofx-tocopherol postmenopausal women currently taking@nhydrolutein, an oxidative byproduct of
from foods among premenopausal womehormones. A previous studg5) reported lutein/zeaxanthin, after 30 g/day of alco-
who had a positive family history33). that hormones may affect metabolism ohol for 3 months. Lutein/zeaxanthin may
We observed that inverse associations fdhe carotenoids. Premenopausal womefunction as an antioxidant to neutralize
dietary intakes of specific carotenoids, vi-and postmenopausal women taking estrahe oxidative stress induced by alcohol
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Table 4. Multivariate adjusted relative risks (RRs) and 95% confidence intervals (Cls) for breast cancer* according to duration and dose
of vitamin supplements in a cohort of 77 925 women, for the period from 1980 through 1994

Current user

Never user Past user 2y 2-4y 59y =10y
Duration, y

Vitamin A

No. of cases 2107 146 44 16 19 15

RR (95% CI)t 1.00 (referent) 1.10 (0.93-1.31) 1.17 (0.86-1.58) 1.04 (0.63-1.70) 0.95 (0.60-1.49) 0.97 (0.59-1.62)
Vitamin C

No. of cases 1420 341 167 93 157 169

RR (95% CI)t 1.00 (referent) 1.05 (0.93-1.19) 0.99 (0.84-1.16) 1.02 (0.82-1.26) 1.01 (0.85-1.19) 0.98 (0.83-1.15)
Vitamin E

No. of cases 1696 246 101 63 127 114

RR (95% CI)t 1.00 (referent) 0.96 (0.84-1.10) 1.19 (0.97-1.45) 1.07 (0.83-1.38) 1.14 (0.95-1.36) 1.11 (0.92-1.35)
Multivitamin

No. of cases 1058 455 145 134 232 323

RR (95% CI)t 1.00 (referent) 0.97 (0.86-1.09) 0.89 (0.75-1.06) 1.01 (0.84-1.21) 0.88 (0.76-1.02) 0.96 (0.85-1.09)

Dose

Vitamin A, IU/day Never user <8000 8000-12 000 13000-22 000 =23000

No. of cases 2107 22 31 5 5

RR (95% CI)t 1.00 (referent) 0.93 (0.61-1.42) 1.21(0.84-1.72) 1.11 (0.46-2.67) 0.49 (0.20-1.18)
Vitamin C, mg/day Never user <400 400-700 750-1250 =1300

No. of cases 1420 55 182 125 42

RR (95% CI)t 1.00 (referent) 0.96 (0.73-1.25) 1.08 (0.93-1.27) 1.02 (0.85-1.23) 1.04 (0.77-1.42)
Vitamin E, IU/day Never user <100 100-250 300-500 =600

No. of cases 1696 22 64 244 55

RR (95% Clyt

1.00 (referent)

0.98 (0.64-1.49)

1.07 (0.83-1.37)

1.19 (1.04-1.37)

0.92 (0.70-1.21)

*A total of 2523 incident cases of invasive breast cancer were included in this analysis. Information on only 77 925 women was available regdndiagirse o

supplements. The number reported for each vitamin category is varied because of missing information on dose of vitamin supplements.

TThe model included indicator variables for age (5-year categories), length of follow-up, total energy intake (quintiles), parity (0, 1 or 2r 2-6},4ge at
first birth (<24, 25-29, 0=30 years), age at menarcheX2, 13, or=14 years), history of breast cancer in mother or a sister (yes or no), history of benign breast
disease (yes or no), alcohol intake (0, 0.1-4.9, 5-14.: 15 g/day), body mass index (weight in kg/height iR)r(x20, =20 to <22,=22 to <24,=24 to <27,
or =27) at age 18 years, weight change from age 18 years (loss >2, loss or gain of 2, gair52g@n >5 to<10, gain >10 to<20, gain >20 to<25, or gain
>25 kg), height in inches, menopausal status (premenopausal, postmenopausal), age at menopause (premenopausal, <45, 45-495%¢€a4s)prand

postmenopausal hormone use (premenopausal, never, past <5 years5 yastrs, current <5 years, or currerb years).

(40); women who consume alcohol maytial loss to follow-up. The estimates ofin the USDA-NCI database are the best
thus have a higher requirement. These awitamin intakes derived from the food-available; however, the database has limi-
thors observed no change in preformeérequency questionnaires are reasonabtations due to limited analytic data on ca-
vitamin A levels with 30 g/day of alcohol valid and reflect long-term intakes ofrotenoid content of specific foods with
drinking for 3 months(39). Consistent study participantg18,19). Nonetheless, implications for the reliability of the ca-
with these findings, we observed a strongome misclassification of individual long-rotenoid data(15). Also, the carotenoid
inverse association between dietary intakgerm intake exists but is likely to be ran-content of foods is influenced by factors,
of lutein/zeaxanthin and breast cancer risdkom and underestimates true associationsuch as geographic location, season, vari-
among premenopausal women who cor@ur use of repeated measures of dietamties, growth and harvesting conditions,
sumed greater than or equal to 15 g/day aftake partially accounts for within- and food preparation metho@s5). In the
alcohol and saw no difference in associaperson variation due to changes in dietarfood-frequency questionnaires, certain
tion between preformed vitamin A andhabits during the follow-up period. After foods with similar nutrient contents are
breast cancer risk according to alcohotontrolling for recognized risk factors for grouped together; for example, in the
consumption. The inverse associationbreast cancer, the results were virtually 980 food-frequency questionnaire, toma-
between dietary carotenoids and breastdentical to the age-adjusted relative riskstoes were grouped with tomato juices,
cancer risk among premenopausal womesuggesting that residual confounding byvhile use of tomato sauces was not asked
who consumed greater than or equal to 16ondietary factors is unlikely to explainuntil 1984. These factors result in mea-
g/day of alcohol were also independent othe observed findings. We cannot excludsurement error, which is likely to be non-
total folate intake but they were attenu-unknown nondietary lifestyle factors par-differential and could attenuate associa-

ated after additional controlling for total tially explaining the findings, but the un- tions for some carotenoids.

vitamin C from food and supplements. known risk factors would need to be

The results from this study and three of

In this prospective cohort, biased restrong predictors of breast cancer and alsour cohort studies that examined vitamin
porting is unlikely to explain these find- closely associated with intakes of thesé& supplements(7—9,12) suggest a pos-
sible weak inverse association with breast
concern that results were due to differen- The values for individual carotenoidscancer risk at high dos€g—9); however,

ings. High follow-up rates minimize the micronutrients.
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