Several lines of evidence from laboratory studies suggest
that antioxidant micronutrients may prevent mammary
cancers'. Antioxidants, including vitamins A, C and E, trap inconsistent results
free radicals and reactive oxygen molecules, preventing
the cellular damage caused by these molecules when they
react with proteins and nucleic acids®>. Additional vitamin A has been suggested in several studies
protective mechanisms may include regulation of cellular
differentiation by vitamin A, inhibition of the formation
of carcinogenic nitrosamines by vitamins C and E*, and
enhancement of the immune response by vitamins C and
E and B-carotene’. Animal feeding studies have shown
that supplementation with vitamin A, vitamin E or
selenium reduces the formation of mammary tumours in
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Abstract

Objective: Laboratory data suggest that several different vitamins may inhibit the
growth of mammary cancers, however epidemiologic data on the relationship
between vitamin supplement use and breast cancer are inconsistent. We examined
the association between self-reported vitamin supplement use and breast cancer
among black women and white women.

Design and setting: The data came from a population-based, case—control study
conducted in North Carolina between 1993 and 1996. Logistic regression models
were used to calculate adjusted odds ratios (ORs) for breast cancer associated with
the use of multivitamins or individual vitamin supplements.

Subjects: Eligible cases were aged 20 to 74, and approximately 40% of the study
population were black women. The analyses included 861 cases and 790 controls.
Results: Among all women, there was little evidence for an association between any
vitamin supplement and breast cancer. Modest inverse associations were observed
among white women for use of multivitamins (OR = 0.81, 95% confidence interval
(CD: 0.59-1.12), vitamin C (OR = 0.78, 95% CI: 0.54—1.14) and vitamin E (OR =
0.75, 95% CI: 0.49—1.13). There was no evidence that vitamin supplements reduced
the risk of breast cancer among black women.

Conclusions: This study provided very limited support for the hypothesis that
vitamin supplements may reduce the risk of breast cancer. Although dietary factors
are likely an important influence in breast cancer aetiology, reductions in risk are
most likely to be achieved through dietary modification rather than through vitamin
supplementation.
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cancer and vitamin consumption (either as components
of dietary intake or as supplements) have produced
. Most investigations have not found
significant inverse relationships between vitamin supple-
ments and breast cancer, although a protective effect of

9-11

Nonetheless, the association between vitamin supple-
ments and cancer is of considerable public health interest.
National surveys report that approximately 50% of the US
population have used some type of vitamin supplement
in the past year'?, and annual sales of vitamin supple-
ments in the United States total almost $5 billion'.
Increasingly, vitamin supplements are promoted in

rodents’.

Despite the laboratory evidence, epidemiological stu-
dies that have examined the relationship between breast
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books, in advertisements and on the Internet for their
antioxidant, anti-cancer properties.
The purpose of this study was to examine the
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relationship between vitamin supplement use and breast
cancer risk in a population-based, case—control study of
women in North Carolina. This study population,
comprised of approximately 40% black women, also
allowed an examination of potential racial differences in
vitamin supplement use and their associations with breast
cancer risk. Among the few studies of breast cancer risk
factors among black women'*™", none has examined
nutritional factors.

Subjects and methods

The Carolina Breast Cancer Study (CBCS), a population-
based, case—control study in central and eastern North
Carolina, has been described in detail elsewhere®.
Briefly, eligible cases were aged 20 to 74, resided in the
24-county study area, and had a first diagnosis of invasive
breast cancer between May 1993 and May 1996. Control
women aged 20 to 64 were selected from North Carolina
Division of Motor Vehicle lists of women with a driver’s
licence or identification card. Controls aged 65 to 74 were
chosen from US Health Care Financing Administration
lists. Black women and women under the age of 50 were
over-sampled using a modification of randomised recruit-
ment®', with the goal of obtaining roughly equal numbers
of black and white women, and women diagnosed before
and after age 50.

Women who agreed to participate completed a one-
hour, in-home interview with a registered nurse. Partici-
pants also were weighed and had body measurements
taken. Among women who were located and eligible,
77% of cases and 68% of controls were interviewed?®?.
Case response rates ranged from 83% for white women
under age 50 to 68% for black women aged 50 or older.
Control response rates ranged from 73% for white women
under age 50 to 59% for black women aged 50 or older.
The present analyses are based on the 1651 women (861
cases and 790 controls) who provided data on vitamin
supplement use. Women of all races were included in the
study, but white and black women comprised the vast
majority of the population in the North Carolina study
area. Women of other races, who represented only 1.6%
of the study population, were included with white
women in the race-specific analyses presented in this
paper. Analyses also were performed excluding women
whose reported race was neither white nor black, and the
results were essentially identical to those in which women
of other races were included with the white women. The
study protocol was approved by the institutional review
board of the University of North Carolina School of
Medicine.

Data were obtained on established and hypothesised
breast cancer risk factors including family history,
menstrual and reproductive history, lifestyle characteris-
tics, and hormone use. Participants were queried about
their use of vitamin supplements, including multivitamins,
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vitamin A, vitamin C, vitamin E, B-carotene and selenium,
over the past five years. Information was obtained about
the type of multivitamin or dose of individual vitamin
supplements, duration of use in months, and frequency of
use (days per week). A complete dietary history was not
obtained from interviewed women; however, they were
asked four questions in which they reported their usual
weekly number of servings of fruit and vegetables during
the winter and summer seasons over the past year, in
order to allow a rough ranking of dietary intake of
antioxidants.

Odds ratios (ORs) and 95% confidence intervals (CIs)
were calculated with logistic regression models, using the
SAS GENMOD procedure (version 6.12; SAS Institute, Inc.,
Cary, NC), which allows incorporation of an offset term to
account for the sampling fractions used in the randomised
recruitment study design. Women who reported taking a
vitamin supplement at least once a week for at least three
months during the past five years were categorised as
vitamin users. Covariates examined as potential confoun-
ders in multivariate models included: age (as 5-year
intervals); age at menarche (=11, 12-13 or =14 years);
age at first full-term pregnancy (nulliparous, <20, 20—29
or =30 years); lactation history (ever/never); menopausal
status (pre-, peri- or post-menopausal); family history of
breast cancer in a first-degree relative (yes/no); body
mass index (BMI) quartiles (<24.00, 24.00-27.99, 28.00—
32.99 or =33.00 kg m~ %, based on the distribution among
controls); waist-to-hip ratio (WHR) quartiles (<0.75,
0.75-0.79, 0.80-0.86 or =0.87); education (<12, 12 or
>12 years); alcohol consumption (ever/never); smoking
history (never, former, current); average of winter and
summer weekly servings of fruit and vegetables (1-20,
21-30 or >30); and current fitness activities at least once a
week (yes/no). A term for race (black/non-black) was
included in those models not stratified by race.

Results

Descriptive characteristics of cases and controls, stratified
by race, are presented in Table 1. The associations
between most risk factors and breast cancer were similar
for black women and white women, although there were
some exceptions. Among black women, high parity or
younger age at birth of first child was not associated with
decreased breast cancer risk. In addition, women who
reported a low intake of fruit and vegetables and former
smokers were at increased risk among black women,
whereas there was no association with these factors
among white women.

Table 2 depicts selected characteristics of vitamin users.
White women were more likely to report vitamin
supplement use than black women. Other characteristics
associated with vitamin use included higher education,
lower BMI and WHR, higher consumption of fruit and
vegetables, and currently engaging in fitness activities.
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Table 1 Selected characteristics of breast cancer cases and controls, stratified by race, The Carolina Breast Cancer Study
Black women White women
Cases (n=335) Controls (n=332) OR* 95% CI Cases (n=526) Controls (n=458) OR* 95% ClI

Age (years)

20-39 61 45 97 55

40-49 114 126 233 181

50-59 61 69 71 81

60-74 99 92 125 141
Age at menarche

<12 92 80 1.00 111 84 1.00

12-13 168 155 0.90 (0.62-1.31) 302 265 0.87 (0.62-1.22)

>13 74 96 0.63 (0.41-0.96) 113 107 0.80 (0.54-1.19)
Parity

Nulliparous 42 40 1.00 91 49 1.00

1 62 61 1.01 (0.57-1.80) 101 78 0.74 (0.47-1.18)

2 72 68 1.15 (0.66—2.00) 195 185 0.63 (0.42-0.95)

3 or more 159 163 1.06 (0.65-1.74) 139 146 0.63 (0.41-0.98)
Age at birth of first child

Nulliparous 42 40 1.00 91 49 1.00

<20 139 24 1.09 (0.66—1.79) 100 42 0.66 (0.42—-1.04)

20-29 132 127 1.10 (0.67-1.82) 269 270 0.61 (0.41-0.91)

=30 19 139 0.82 (0.39-1.74) 65 97 0.89 (0.53-1.52)
Lactation history

No 232 208 1.00 340 268 1.00

Yes 103 124 0.70 (0.49-0.99) 186 190 0.73 (0.56-0.95)
First-degree family history of breast cancer

No 282 283 1.00 429 388 1.00

Yes 42 32 1.32 (0.80-2.15) 84 57 43 (0.99-2.07)
BMI (kg m~2)

=33 109 125 1.00 54 60 1.00

28-32.99 102 91 1.30 (0.88-1.91) 80 94 0.97 (0.60-1.57)

24-27.99 69 66 1.25 (0.81-1.91) 158 129 1.44 (0.92-2.24)

<24 43 39 1.18 (0.71-1.96) 226 172 1.42 (0.93-2.17)
Waist-to-hip ratio

=0.87 117 101 1.00 85 74 1.00

0.80-0.86 93 91 0.88 (0.59-1.31) 126 90 1.22 (0.80-1.86)

0.75-0.79 57 62 0.73 (0.46-1.15) 111 117 0.79 (0.52—-1.20)

<0.75 36 46 0.59 (0.35-1.00) 153 148 0.77 (0.52-1.16)
Educational level

>High school 137 136 1.00 328 284 1.00

High school graduate 96 88 1.07 (0.73-1.56) 142 117 0.96 (0.63—1.45)

<High school 102 108 0.87 (0.60-1.29) 56 57 1.12 (0.83-1.51)
Smoking status

Never 189 198 1.00 255 225 1.00

Former 95 64 1.71 (1.17-2.49) 172 141 1.08 (0.80-1.44)

Current 51 70 0.79 (0.52-1.20) 99 92 0.95 (0.67-1.33)
Alcohol consumption

Never 111 103 1.00 135 128 1.00

Ever 224 228 0.89 (0.67-1.19) 391 330 1.01 (0.75-1.36)
Weekly fruit and vegetable servings

>30 99 126 1.00 162 181 1.00

21-30 91 90 1.26 (0.85-1.87) 164 127 1.12 (0.81-1.55)

<20 143 114 1.51 (1.05-2.17) 197 146 0.89 (0.65-1.21)

* OR=0dds ratio, all ORs were adjusted for age.

There was no statistically significant association between
smoking status and vitamin use.

The ORs associated with vitamin use among all women
and white women and black women separately are
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shown in Table 3. Women who did not report use of any
type of vitamin comprised the reference category.
Among all women, there was little evidence for an
inverse association between any vitamin supplement and
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Table 2 Comparison of characteristics of vitamin users and non-users, among control women, The Carolina Breast

Cancer Study

Characteristic Vitamin users (n=451) (%) Vitamin non-users (n=339) (%) OR* (95% ClI)
Race
Black 34.2 52.5 0.62 (0.46-0.83)
White 65.9 47.5 1.00
Educational level
<High school 14.6 29.2 0.39 (0.26—0.58)
High school graduate 25.9 26.0 0.80 (0.56—1.13)
>High school 59.4 44.8 1.00
BMI (kg m™2)
<24.00 31.6 21.3 2.38 (1.53-3.70)
24.00-27.99 28.0 21.3 2.45 (1.59-3.77)
28.00-32.99 23.9 237 1.96 (1.28—3.00)
=33 16.5 33.6 1.00
Waist-to-hip ratio
<0.75 29.6 22.7 1.90 (1.22-2.97)
0.75-0.79 28.6 19.2 2.45 (1.57-3.83)
0.80-0.86 23.6 26.5 1.52 (0.99-2.33)
=0.87 18.3 31.6 1.00
Smoking status
Current smoker 19.3 221 0.88 (0.61-1.28)
Ex-smoker 27.7 23.6 1.09 (0.77-1.55)
Never smoker 53.0 54.3 1.00
Fruit and vegetable intake (servings per week)
1-20 35.3 40.8 0.66 (0.46—0.93)
21-30 27.7 27.7 0.79 (0.54-1.15)
>30 37.1 31.6 1.00
Current fitness activities
Yes 55.9 43.4 1.62 (1.22-2.18)
No 441 56.6 1.00

* OR for race adjusted for age, all other ORs adjusted for age and race.

breast cancer. ORs were only slightly below one for
use of multivitamins, vitamin C and vitamin E, and
were modestly elevated for vitamin A, B-carotene and
selenium.

Race-specific analyses suggested the possibility of
different associations between vitamin use and breast
cancer among black and white women. Among black
women, there was no reduction in breast cancer risk
associated with ever using any of the vitamin supple-
ments. A modest increase in risk was observed for vitamin
E and a nearly threefold increase in risk for vitamin A,
although the number of women reporting use of this
supplement was very small. Among white women, any
use of multivitamins, vitamin C or vitamin E was each
associated with a 20-25% reduction in breast cancer risk,
although the confidence intervals around all of these
point estimates included one. Analyses examining dura-
tion of use did not show clear dose—response relation-
ships. Risk was elevated for short-term users, and the
reduction in risk was similar for women reporting 1 to 3
years of use and greater than 3 years of use. It should be
noted that some of the categories of vitamin use had
relatively few women in them, and confidence intervals
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around estimates for black women and white women
overlapped considerably.

Most women who were vitamin users reported taking
more than one type of vitamin. Among women reporting
multivitamin use, nearly three-quarters of them also
reported use of additional individual supplements. Con-
versely, over 80% of the women reporting use of vitamin
A, C or E as individual supplement also reported taking
multivitamins. To take into account that relatively few
women used only a single supplement, we constructed
multivariate models that controlled for other vitamin use.
The results of these models are presented in Table 4.
Adjusting for other vitamin use had modest effects on
most of the ORs. Among black women, there was still no
evidence of inverse associations with any of the vitamin
supplements. Among white women, the modest inverse
associations observed for multivitamins, vitamin C and
vitamin E were attenuated when adjusting for other
vitamin use. There were non-significant elevations in the
ORs associated with use of vitamin A or -carotene when
adjusting for other vitamin use.

We also examined whether the relationship between
vitamin supplement intake and breast cancer was
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Table 3 Odds ratios (ORs) for breast cancer associated with vitamin supplement use, among black women and white women, The Carolina

Breast Cancer Study

All women Black women White women
Cases Controls OR* 95% ClI Cases Controls OR* 95% ClI Cases Controls OR* 95% Cl

No vitamin use 385 339 1.00 183 178 1.00 202 161 1.00
Any vitamin use 476 451 0.85 (0.68-1.07) 152 154 0.95 (0.66-1.38) 324 297 0.80 (0.59-1.09)
Multivitamins

Any use 410 369 0.89 (0.70-1.13) 136 129 1.04 (0.71-1.52) 274 240 0.81 (0.59-1.12)

<1 year of use 103 66 1.45 (0.98-2.14) 43 24 2.22 (1.16-4.25) 60 42 1.19 (0.72-1.96)

1to 3 years of use 166 183 0.73 (0.54-0.98) 59 72 0.79 (0.49-1.27) 107 111 0.71 (0.48-1.05)

>3 years of use 141 120 0.83 (0.59-1.17) 34 33 0.87 (0.47-1.60) 107 87 0.76 (0.50-1.15)
Vitamin C

Any use 196 188 0.87 (0.64-1.18) 50 50 1.10 (0.63-1.91) 146 138 0.78 (0.54-1.14)

<1 year of use 64 49 1.06 (0.66-1.71) 16 19 0.79 (0.32-1.92) 48 30 1.23 (0.69-2.22)

1 to 3 years of use 78 89 0.71 (0.48-1.05) 24 25 1.07 (0.52-2.22) 54 64 0.56 (0.34-0.92)

>3 years of use 54 50 1.00 (0.62-1.62) 10 6 2.21 (0.65-7.50) 44 44 0.80 (0.47-1.39)
Vitamin E

Any use 153 147 0.92 (0.67-1.28) 49 41 1.32 (0.75-2.33) 104 106 0.75 (0.49-1.13)

<1 year of use 59 33 1.54 (0.91-2.59) 23 17 1.20 (0.54-2.66) 36 16 1.82 (0.88-3.76)

1 to 3 years of use 54 70 0.71 (0.45-1.10) 16 16 1.41 (0.60-3.35) 38 54 0.51 (0.29-0.87)

>3 years of use 40 44 0.78 (0.46-1.35) 10 8 1.45 (0.47-4.47) 30 36 0.63 (0.34-1.20)
Vitamin A

Any use 40 26 1.59 (0.87-2.89) 17 6 2.84 (0.98-8.22) 23 20 1.12 (0.51-2.46)
-carotene

Any use 33 32 1.36 (0.74-2.49) 7 6 1.13 (0.28-4.60) 27 26 1.28 (0.63-2.61)
Selenium

Any use 15 12 1.34 (0.56-3.20) 2 1 - - 13 12 1.16 (0.45-2.94)

* Adjusted for age, age at menarche, age at first full-term pregnancy, menopausal status, lactation history, family history, BMI, WHR, education, alcohol use,

smoking history, and fruit and vegetable intake.

modified by either dietary intake of fruit and vegetables or
alcohol consumption, since previous reports have sug-
gested a stronger protective effect of vitamin supplements
among women who had low dietary intake of vitamins or
higher alcohol consumption®?*. There were no consistent
patterns of smaller ORs for vitamin supplement intake
among women with a low fruit and vegetable intake (=20
servings per week) as compared to those with a higher
intake. Among white women, the ORs (and 95% CIs) for
multivitamin use were 0.93 (0.55-1.59), 0.64 (0.35-1.20)
and 0.85 (0.46-1.58) for women with low, medium and
high fruit and vegetable intake, respectively. For black

women, the corresponding ORs (and 95% ClIs) were 0.99
(0.51-1.93), 0.81 (0.35-1.87) and 0.86 (0.43—1.74). We also
did not observe stronger inverse associations among
women who reported alcohol consumption (data not
shown). Because there were so few moderate to heavy
drinkers in this population, alcohol consumption was
dichotomised into ever or never drinkers for these analyses.

Discussion

In this case—control study of North Carolina women, we
found only very limited support for the hypothesis that

Table 4 Odds ratios (ORs) for breast cancer associated with vitamin supplement use, adjusted for use of other supplements, among black

women and white women, The Carolina Breast Cancer Study

All women Black women White women
OR* 95% ClI OR* 95% CI OR* 95% ClI
Any multivitamin use 0.95 (0.74-1.20) 1.04 (0.74-1.56) 0.91 (0.67-1.25)
Any use of vitamin C 0.88 (0.64-1.19) 0.92 (0.51-1.67) 0.85 (0.59-1.24)
Any use of vitamin E 0.95 (0.68-1.32) 1.12 (0.60-2.10) 0.85 (0.57-1.28)
Any use of vitamin A 1.86 (1.00-3.48) 2.65 (0.83-8.40) 1.49 (0.68-3.25)
Any use of B-carotene 1.37 (0.72-2.60) 0.93 (0.23-3.68) 1.62 (0.78-3.38)
Any use of selenium 0.97 (0.38-2.49) - - 1.11 (0.41-3.07)

* ORs adjusted for age, age at menarche, age at first full-term pregnancy, menopausal status, lactation history, family history, BMI, WHR, education, alcohol
use, smoking history, fruit and vegetable intake, and each of the other vitamins.
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vitamin supplement use is associated with a decreased
risk of breast cancer. Among white women, any use of
multivitamins, vitamin C or vitamin E in the past five years
was each associated with an approximately 20% decrease
in breast cancer risk; however, the confidence intervals
around these estimates all included one. There was no
evidence of a dose-response relationship between
duration of use and breast cancer risk. In contrast to the
modest inverse associations with certain vitamin supple-
ments suggested for white women, there was essentially
no evidence of a protective effect among black women
for any of the vitamins examined.

There is no clear reason why the effects of vitamin
supplements might be different in black women than in
white women. Among the studies examining breast
cancer risk factors for blacks'*™'”, none has examined
vitamin supplementation or dietary factors so there are no
other studies to which these results can be compared.
One might speculate that there were racial differences in
vitamin intake through dietary sources and, as has been
reported in one study, that the adequacy of dietary intake
influences whether supplementation has a protective
effect’.

Although complete diet histories were not taken, the
information obtained regarding average weekly servings
of fruit and vegetables suggested that there were not
substantial racial differences. The mean number of
servings of fruit and vegetables per week among white
controls and black controls was 27 and 29, respectively.
These averages were quite similar to the fruit and
vegetable consumption reported in another study of
African—American women in North Carolina (3.93 per day
or 27.5 per week) which used a more detailed food-
frequency questionnaire®*. While the dietary data have
obvious limitations, they are concordant with data from a
national survey, suggesting that fruit and vegetable
consumption does not vary substantially between blacks
and whites®>°,

The findings suggesting increased breast cancer risk
among women reporting vitamin A or (-carotene use
were unexpected and should be interpreted cautiously
given the small number of women reporting use of these
supplements. Nonetheless, recent laboratory and epide-
miological studies provide evidence that would tend to
support these observations. Increased cancer risk was
observed in two randomised controlled trials of f-
carotene, and laboratory studies have suggested mechan-
isms for both procarcinogenic and anticarcinogenic
effects®”*%,

When interpreting the results of this study, one must
consider the possibility that vitamin supplement use is a
marker for a healthy lifestyle. Our study and others®-"
have shown that individuals who take vitamin supple-
ments tend to have characteristics that are typically
associated with lower risk of chronic diseases, including
cancer. As compared with women in our population who
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reported no use of vitamins, vitamin users were more
highly educated, had a lower BMI and WHR, consumed
more fruit and vegetables, and were more likely to
engage regularly in fitness activities. Although we
attempted to control for the effects of these factors in
our multivariate models, it is possible that there was
residual confounding, and the modest reduction in breast
cancer risk observed for certain types of vitamin use
reflects their association with a healthy lifestyle.

The limitations of the study should be acknowledged.
Vitamin supplement intake was based on self-reported
use over the past five years. Inaccurate recall or the
restriction of the questions to use over the past five years
rather than a longer period may have resulted in
misclassification of exposure. Since the questionnaire
was administered in a standardised fashion by trained
interviewers, it seems likely that this misclassification
would have been non-differential between cases and
controls, resulting in attenuation of the ORs. If recall was
differential by case status, and cases were more likely
than controls to recall vitamin use, any protective effects
of vitamins would have been underestimated.

Data regarding dietary intake of vitamins were clearly
limited. It should be kept in mind, however, that the goal
of this study was to estimate the effects of vitamin
supplements, not the effects of vitamins from all sources.
We did attempt to control for dietary intake by including a
term for the number of servings of fruit and vegetables
consumed each week in the multivariate models, and by
performing analyses stratified by categories of fruit and
vegetable intake. The relationships with supplement use
did not vary substantially when taking dietary intake into
account. Nonetheless, if the effects of vitamin supple-
ments are strongly dependent on the sufficiency of dietary
intake, our adjustment for fruit and vegetable intake may
have been inadequate.

Overall, the results of this study support the bulk of the
epidemiological evidence, which suggests that vitamin
supplements do not substantially reduce the risk of breast
cancer’. While there is compelling evidence that dietary
factors are likely an important determinant of cancer
risk®!, reductions in risk most likely will be achieved
through modification of overall dietary patterns rather
than by supplementation with one or more micronu-
trients. Additional research is needed to clarify the role of
nutritional factors in breast cancer, particularly among
black women.
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