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ABSTRACT
Background: Studies in women of European descent showed an inverse association of dietary vitamin A (retinol and

carotenoids) intake with breast cancer risks, mainly in premenopausal women.

Objectives: We examined whether higher compared with lower levels of dietary vitamin A are associated with reduced

breast cancer risks among Black women by estrogen receptor (ER) and menopausal statuses.

Methods: In this pooled analysis, data were from 3564 breast cancer cases and 11,843 controls (mean ages = 56.4 and

56.3 years, respectively) in the African American Breast Cancer Epidemiology and Risk (AMBER) Consortium. Dietary

intake was assessed by FFQs. Multivariable logistic regressions were performed to estimate ORs and 95% CIs for

study-specific quintiles of total vitamin A equivalents and individual carotenoids, and a pooled OR was estimated by a

random-effect model.

Results: We observed an inverse association of total vitamin A equivalents with ER-positive breast cancer (quintiles

5 compared with 1: pooled OR: 0.82; 95% CI: 0.67–1.00; P-trend = 0.045). The association was seen among

premenopausal women (pooled OR: 0.60; 95% CI: 0.43–0.83; P-trend = 0.004), but not among postmenopausal women

(pooled OR: 0.99; 95% CI: 0.77–1.28; P-trend = 0.78). Additionally, there were inverse associations of dietary β-carotene

(quintiles 5 compared with 1: pooled OR: 0.70; 95% CI: 0.51–0.95; P-trend = 0.08) and lutein (pooled OR: 0.63; 95%

CI: 0.45–0.87; P-trend = 0.020) with ER-positive breast cancer among premenopausal women. There was no evidence

for an association of total vitamin A equivalents or individual carotenoids with ER-negative breast cancer, regardless of

menopausal status.

Conclusions: Our findings on dietary vitamin A and breast cancer risks in Black women are consistent with

observations in women of European descent and advance the literature showing an inverse association for ER-positive

disease. J Nutr 2021;151:3725–3737.
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Introduction

Vitamin A, a group of fat-soluble micronutrients including
retinol and carotenoids acquired through dietary sources and
supplements, has been shown to have anti–breast cancer proper-
ties. Preformed vitamin A (retinol) promotes cell differentiation
in human mammary ducts by binding with retinoid X receptor
(RXR) and retinoic acid receptors (RAR) with its oxidized
form, 9-cis-retinoic acid (1). Also, the inhibition of breast cancer
growth by retinoic acid can be dependent on the estrogen
receptor (ER) status, because RAR is mediated by ER (2).

Additionally, provitamin A carotenoids, such as β-carotene
and lutein, may protect against carcinogenesis by intervening
with oxidative stress to DNA, lipids, and proteins (3, 4). In
the United States, vitamin A intake and vitamin A status
differ between racial groups. African-American/Black women
have both lower vitamin A intake and status, measured as
serum retinol concentrations, compared with White women
(5). Individual studies and pooled analyses have shown inverse
associations of dietary intake of total vitamin A—that is, retinol
plus carotenoids—and carotenoids, particularly β-carotene,
with the risk of breast cancer overall and in premenopausal
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women (6–9). In most of these studies, however, the associations
for breast cancer subtypes defined by ER status and the inclusion
of Black women were unclear. By far, the largest study using
dietary intake was a pooled analysis of 18 prospective cohorts
reporting an inverse association of carotenoid intake with the
ER-negative, but not ER-positive, breast cancer risk (8). In the
study, Black women represented only 0.05% (826/33,380) of
breast cancer cases (8). The only study included that focused on
Black women was the Black Women’s Health Study (BWHS).
For studies that utilized biomarkers—that is, serum or plasma
concentrations of vitamin A—significant inverse associations
were observed for serum/plasma α-carotene and β-carotene in
most studies, with few additional studies having significance
for lutein and total carotenoids (10–18). Again, these study
populations were mainly conducted among White women.
Investigating vitamin A intake in relation to breast cancer
subtypes among women of African descent is important because
they are at a higher risk of ER-negative breast cancer than White
women (19), and low vitamin A intake may play a role in the
etiology of ER-negative breast cancer (8).

In this paper, we examined the association of dietary vitamin
A intake with breast cancer risks according to tumor ER status
in a large consortium of Black women. We hypothesized that
vitamin A intake is associated with lower ER-positive and ER-
negative breast cancer risks. In addition, previous research has
observed the association in premenopausal women but not
in postmenopausal women (6, 7, 9, 20). Therefore, we also
examined the associations by menopausal status.

Methods
Study population
Data were from 3 studies that were part of the African American Breast
Cancer Epidemiology and Risk (AMBER) consortium (21) and collected
dietary data: BWHS (22), the Multiethnic Cohort Study (MEC) (23),
and the Women’s Circle of Health Study (WCHS) (24, 25). Study details
for the AMBER consortium have been previously described (21). BWHS
is a prospective cohort study of 59,000 Black women from around
the United States enrolled by mailed questionnaire starting in 1995,
with follow-up questionnaires administered every other year. Cases were
identified by self-report and confirmed by medical record review or
linkage with state cancer registries. MEC is a prospective cohort study
based in Hawaii and Los Angeles, California, consisting of women from
5 different racial-ethnic groups with over 16,000 Black women enrolled
from 1993–1996. Cases were identified via linkage to the Los Angeles
County Cancer Surveillance Program, the State of California Cancer
Registry, and the Hawaii State Cancer Registry. WCHS is a case-control
study started in 2002 in New York City hospitals and expanded into 10
counties in New Jersey, with cases identified by rapid case ascertainment
by the New Jersey State Cancer Registry. Controls were identified
by Random Digit Dialing in both sites, complemented in New Jersey

with community-based recruitment (24, 25). WCHS cases and controls
included in these analyses were recruited between 2002 and 2012.
The MEC and BWHS were sampled as nested case-control studies,
with cases and controls frequency matched by 5-year age categories,
geographic location, and most recent questionnaire completed (23, 26).
Research protocols for each study were approved by the Institutional
Review Boards at the respective institutions. All subjects provided
informed consent for study enrollment. Under the AMBER Consortium,
eligible cases were women with a first diagnosis of invasive breast cancer.
Tumor subtypes for ER, progesterone receptor, and Human Epidermal
Growth Factor Receptor 2 classifications were based on pathology data
from hospital records or cancer registry records. A total of 3564 cases
with a known ER status and 11,843 controls with complete dietary
intake data were included in this analysis.

Exposure assessment
Dietary intake of retinol and carotenoids, including α-carotene, β-
carotene, β-cryptoxanthin, and lutein, was assessed by FFQs. The
WCHS FFQ was developed at the Fred Hutchinson Cancer Research
Center (27, 28). During home interviews, women reported their usual
frequency of intake and portion size (small, medium, or large, with
reference to a specified medium portion size for each item) for
approximately 125 food and beverages consumed during the 12 months
prior to diagnosis for cases and to a comparable reference date for
controls. Food nutrient content values were obtained from the Nutrient
Database, Minnesota Nutrient Data System for Research (University of
Minnesota’s Nutrition Coordination Center, Minneapolis). The average
daily intakes of these nutrients were computed by multiplying the
standard serving frequency of each food or beverage item by its nutrient
content of the specified standard portion size and then summing the
nutrients for all foods and beverages. In the BWHS, diet was assessed
in 1995 and again in 2001 using a modified version of the National
Cancer Institute–Block short-form FFQ (29). Data were collected based
on the usual frequencies and portion sizes (1995: small, medium,
or large, relative to the stated medium portion size; 2001: small,
medium, large, or supersize) of foods and beverages consumed during
the previous 12 months. The average daily intakes of nutrients were
calculated by multiplying the serving size–adjusted frequency of intake
for each specific food by its vitamin A content, as determined by
DIETSYS software (version 4.01) for the 1995 FFQ and DIETCALC
(version 1.4.1; National Cancer Institute) for the 2001 FFQ. The energy-
adjusted, de-attenuated Pearson correlation between the estimated
intake of β-carotene from the 1995 FFQ and three 24-hour recalls
plus a 3-consecutive day diary was 0.60 (30). In the MEC, nutrient
intakes were calculated on the basis of responses to the 180 questions
included in a FFQ mailed to participants at baseline in 1993–1996
(31, 32). For each food item, the frequency of consumption and usual
portion size were indicated, assisted by food photographs printed. The
energy-adjusted correlations between three 24-hour recalls and the FFQ
were 0.51 for vitamin A and 0.45 for β-carotene among the female
Black participants (31). In each study, the dietary total vitamin A
equivalent was defined as retinol plus carotenoids, indicated by μg
retinol-equivalent (RE) values. The intake value of retinol alone was
available in the WCHS only, and thus a risk estimate for retinol alone
was not provided.

BWHS participants reported their use of multivitamin supplements
(MVs) in the prior year on all follow-up questionnaires. The current
data were obtained from the questionnaire implemented in 1999. In
the MEC, MV use over the prior year was self-reported in the mailed
questionnaire; an MV was defined as any product containing ≥2
vitamins, with or without minerals and with or without herbal or
botanical components (32). The WCHS did not collect information on
MV use.

Covariates
Detailed methods of data collection for smoking, alcohol use,
reproductive factors, hormone use, and body size have been reported
elsewhere (33–36). Reproductive factors included age at menarche,
age at first birth, number of births, and menopausal status (37, 38).

This work was supported by the National Cancer Institute (grant number 
P01CA151135 to JRP, CBA, and AFO; R01CA058420 to LR; UM1CA164974 to 
LR; R01CA098663 to JRP; R01CA100598 to CBA and EVB; P50CA58223 to 
AFO; K07CA201334 to T-YDC) and the Breast Cancer Research Foundation (to 
CBA).
Author disclosures: The authors report no conflicts of interest. 
Supplementary Tables 1–2 are available from the “Supplementary data” link in 
the online posting of the article and from the same link in the online table of 
contents at https://academic.oup.com/jn.
Address correspondence to T-YDC (e-mail: tingyuan.cheng@ufl.edu). 
Abbreviations used: AMBER, African American Breast Cancer Epidemiology and 
Risk; BWHS, Black Women’s Health Study; ER, estrogen receptor; HT, hormone 
therapy; MEC, Multiethnic Cohort Study; MV, multivitamin supplements; Q, 
quintile; RAR, retinoic acid receptors; RXR, retinoid X receptor; WCHS, Women’s 
Circle of Health Study.

https://academic.oup.com/jn
mailto:tingyuan.cheng@ufl.edu


In the BWHS and MEC, self-reported anthropometric measurements,
including height and weight, were collected at baseline and in follow-
up questionnaires, while they were measured during in-person home
interviews in the WCHS (36). Current weight and height were used to
calculate BMI as kg/m2.

Statistical analyses
Descriptive statistics were generated for each study and for the AMBER
consortium. For each study, categorical variables were created to
indicate the quintiles (Qs) of dietary total vitamin A equivalents and
individual carotenoids based on the distributions among the control
participants. Logistic regression models were used to calculate the
ORs and 95% CIs for the breast cancer risks associated with dietary
intake levels. Two-sided tests and a significance level of 0.05 were
used for all tests of statistical significance. Covariates in the regression
models were selected based on epidemiologic knowledge of breast
cancer risks. Covariates were coded as follows: age (continuous), level
of education (<12 years, 12 years, some college, college graduate,
or any graduate or professional school), BMI (<25.0, 25.0–29.9,
≥30.0 kg/m2), history of breast cancer in first-degree relatives (yes
or no for mother, daughter, or sister), age at menarche (continuous),
age at first birth (continuous), menopausal status (premenopausal or
postmenopausal), postmenopausal hormone therapy (HT) use (never or
ever used estrogen and progesterone as combined therapy), duration of
oral contraceptive use (never, 1–9 years, 10 or more years), smoking
status (never, former, or current smoker), alcohol use (never or ever
used), and total energy intake from FFQs (kcal; continuous). Fat intake
was not included in the model to avoid multicollinearity with BMI
and total energy intake measures. Because MVs often contained retinol
and carotenoids that might affect the hypothesized associations, a
subgroup analysis was conducted by evaluating the associations of
dietary total vitamin A equivalents and individual carotenoids with
breast cancer risks among women who did not use MVs in the
BWHS and MEC. In addition, as a sensitivity analysis, a model of
mutual adjustment of 4 carotenoids was performed to account for the
correlation between carotenoids. Tests for trends were conducted by
treating the quintiles as ordinal variables in regression models, with the
P value of Wald tests serving as the measure of significance. Lastly, a
pooled OR was estimated using a random-effects model to summarize
study-specific ORs, weighted by the inverse of variances (39). We chose
the random-effect approach because we expected heterogeneity due
to different designs and data collection methods between the studies
(40). I2 values, which measure the percentage of variability in risk
estimates due to between-study heterogeneity rather than chance, and P
values were estimated. All analyses were planned, and the results were
not adjusted for multiplicity. All analyses were performed in RStudio
1.2.1335.

Results

Table 1 lists selected characteristics of study participants.
Among the 3 individual studies, the mean age ranged from
51.2–68.4 years among cases and 49.8–67.8 years for controls,
with MEC participants, on average, older than those in the
other studies. Obesity (BMI ≥30 kg/m2) was 42.6% among
cases and 41.4% among controls in the AMBER consortium. A
first-degree family member who previously had a breast cancer
diagnosis was reported by 15.9% of cases and 9.8% of controls.
Both cases and controls were more likely to be postmenopausal
than premenopausal, with the exception of participants in the
WCHS. Cases and controls did not differ significantly in MV use
and duration of MV use. Two-thirds (68.4%) of women with
breast cancer had ER-positive tumors, and one-third (32.6%)
had ER-negative disease. Table 2 lists median intake levels by
dietary total vitamin A equivalents, retinol, and carotenoids and
by study. Participants in the BWHS had a lower median intake
level of each carotenoid compared to the other studies.

The associations of dietary total vitamin A equivalents and
individual carotenoids with ER-positive and ER-negative breast
cancer risks are presented in Table 3. Intake of total vitamin
A equivalents (μg RE/d) was inversely associated with ER-
positive breast cancer (Q5 compared with Q1 pooled OR: 0.82;
95% CI: 0.67–1.00; P-trend = 0.045). In addition, there was
an inverse association with dietary lutein intake and the ER-
positive breast cancer risk (Q5 compared with Q1 pooled OR:
0.80; 95% CI: 0.66–0.96; P-trend = 0.034). The association
remained significant in a model additionally adjusting for the
other carotenoids (Q5 compared with Q1 pooled OR: 0.70;
95% CI: 0.54–0.91; P-trend = 0.011; Supplemental Table 1).
There was no association of dietary total vitamin A equivalents
or individual carotenoids with the ER-negative breast cancer
risk.

After stratification by menopausal status, we observed an
inverse association between dietary total vitamin A equivalents
and the ER-positive breast cancer risk among premenopausal
women (Q5 compared with Q1 pooled OR: 0.60; 95% CI:
0.43–0.83; P-trend = 0.0036; Figure 1A), although these
results appeared primarily driven by data from the WCHS
(Q5 compared with Q1 OR: 0.44; 95% CI: 0.23–0.85; P-
trend = 0.047). We observed no significant association between
higher dietary total vitamin A equivalents and the risk of
ER-negative breast cancer by menopausal status (Figure 1B).
Also, higher compared with lower dietary β-carotene intake
was associated with a lower risk of ER-positive breast cancer
among premenopausal women (Q5 compared with Q1 pooled
OR: 0.70; 95% CI: 0.51–0.95; P-trend = 0.08; Figure 2A).
Lastly, there was an inverse association between dietary lutein
and the ER-positive breast cancer risk among premenopausal
women (Q5 compared with Q1 pooled OR: 0.63; 95% CI
0.45–0.87; P-trend = 0.022; Figure 3A). The I2 values (15.1%
for premenopausal women and 24.4% for all women, both
P values > 0.05; Figure 3A) suggested a low degree of non-
significant heterogeneity in the association of lutein intake and
the ER-positive breast cancer risk between the studies. Similar
to the results of dietary total vitamin A equivalents, the WCHS
was the only study that showed an association between dietary
lutein intake and the ER-positive breast cancer risk among
premenopausal women (Q5 compared with Q1 OR: 0.31;
95% CI: 0.16–0.58; P-trend = 0.002; Figure 3A). There was
no association of dietary α-carotene or β-cryptoxanthin with
breast cancer risks in any of the strata.

We stratified the analysis by those who had ever compared
with never used MVs among BWHS and MEC participants
who had information on the variable. The patterns of inverse
associations between dietary intakes of vitamin A, β-carotene,
and lutein and ER-positive breast cancer in premenopausal
women remained similar among those who never used an MV.
However, there was no significant association in the strata
(Supplemental Table 2).

Discussion
Our analysis showed inverse associations of dietary intake of
vitamin A in μg RE, β-carotene, and lutein with ER-positive
breast cancer risks overall and among premenopausal Black
women enrolled in the AMBER consortium. There was no
evidence for an association of any carotenoids with the ER-
negative breast cancer risk. To our knowledge, this study is
the first that focuses on the association of dietary vitamin A
intake and breast cancer risks in US Black women. The sample
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FIGURE 1 The association of dietary total vitamin A equivalents intake with (A) ER+ and (B) ER− breast cancer risk, overall and by menopausal
status, adjusted for age, education, BMI, family history of breast cancer, age at menarche, parity, age at first birth, menopausal status, HT use,
and duration of oral contraceptive use, smoking status, alcohol use, and total energy intake. All I2 = 0 (P > 0.05). Abbreviations: BWHS, Black
Women’s Health Study; ER−, estrogen receptor negative; ER+, estrogen receptor positive; HT, hormone therapy; MEC, Multiethnic Cohort
Study; Q, quintile; WCHS, Women’s Circle of Health Study.

retinoids inhibit ER-positive, but not ER-negative, breast cancer
cells (42), which may also explain our finding on the ER-positive
breast cancer risk. It is notable that ER status is an important
but not essential factor for breast cancer cells in response
to carotenoid and retinol, because other mechanisms may be
involved in tumorigenesis (43). Why the associations are mainly
in premenopausal women, but not postmenopausal women,

size of our study was large enough to provide risk estimates 
for ER-positive and ER-negative breast cancer by menopausal 
status.

Our results are consistent with biological findings regarding 
the effects of retinoids on breast cancer cells of different ER 
statuses. 9-Cis retinoic acid modulates retinoid receptor RNAs, 
which decrease expression of ER RNA and protein (41). Also,



FIGURE 2 The association of dietary β-carotene intake with (A) ER+ and (B) ER− breast cancer risk, overall and by menopausal status,
adjusted for age, education, BMI, family history of breast cancer, age at menarche, parity, age at first birth, menopausal status, HT use, and
duration of oral contraceptive use, smoking status, alcohol use, and total energy intake. All I2 = 0 (P > 0.05). Abbreviations: BWHS, Black
Women’s Health Study; ER−, estrogen receptor negative; ER+, estrogen receptor positive; HT, hormone therapy; MEC, Multiethnic Cohort
Study; Q, quintile; WCHS, Women’s Circle of Health Study.

is not completely clear. In vitro evidence shows that dietary
carotenoids can attenuate cell proliferation that is promoted
by estrogen (44). Because circulating estrogen levels are much
higher in premenopausal than postmenopausal women, the
potential mechanism may be estrogen-related.

Individual studies and a meta-analysis showed inverse asso-
ciations between dietary intake of total vitamin A equivalents,
with or without accounting for retinol, and breast cancer
risks (6, 7, 9, 45). Significant associations were observed in
premenopausal women (7, 45) in general and in premenopausal



FIGURE 3 The association of dietary lutein intake with ER+ (A) and ER− (B) breast cancer risk, overall and by menopausal status, adjusted
for age, education, BMI, family history of breast cancer, age at menarche, parity, age at first birth, menopausal status, HT use, and duration of
oral contraceptive use, smoking status, alcohol use, and total energy intake. I2 = 15.1% for premenopausal ER+ and 24.4% for overall ER+; I2

= 0 for all other estimates (all P > 0.05). Abbreviations: BWHS, Black Women’s Health Study; ER−, estrogen receptor negative; ER+, estrogen
receptor positive; HT, hormone therapy; MEC, Multiethnic Cohort Study; Q, quintile; WCHS, Women’s Circle of Health Study.

in Hispanic and non-Hispanic White women, and it did not
observe an association (46). These studies have also consistently
observed that dietary intake of retinol alone was not associated
with breast cancer risks (6, 45–47). Also, studies examining
serum or plasma retinol concentrations in relation to breast
cancer risks did not find any association (12, 14, 15, 17, 48,

women who had a family history of breast cancer or who 
were current smokers (6, 9). Our findings o n t otal vitamin 
A equivalents were largely consistent with these studies and 
advance the literature by showing an inverse association with 
ER-positive breast cancer. Only 1 study reported a breast cancer 
risk by tumor ER status in relation to dietary retinol intake



49). Thus, these findings on retinol suggest that the association
of vitamin A with a decreased risk of breast cancer may mainly
come from carotenoids, not retinol. Our study was unable to
evaluate retinol alone in a pooled analysis, as the variable was
unavailable in BWHS or MEC data. In the WCHS, we did not
observe a significant association of dietary retinol intake with
the ER-positive breast cancer risk in premenopausal women
(OR: 0.66; 95% CI: 0.33–1.29; data not shown).

Our results that the highest quintile of dietary β-carotene
intake was associated with a 30% lower risk of ER-positive
breast cancer among premenopausal women compared with the
lowest quintile of intake are consistent with previous findings
that utilized dietary intake measurements (6, 7, 13). Among
carotenoids, β-carotene is consistently observed to be associated
with breast cancer risks, and our study strengthens the evidence
by adding data from Black women. A meta-analysis consisting
of 25 observational studies examining the associations of 6
carotenoids in the diet and breast cancer risks observed an
association only with dietary intake of β-carotene, while the
analysis of blood concentrations of the carotenoids found
associations with β-carotene, total carotenoids, α-carotene, and
lutein (11). A limitation of the meta-analysis was that analyses
by tumor ER status or menopausal status were not reported.
A large cohort study that stratified data by menopausal status
found a modest inverse association of dietary β-carotene intake
with breast cancer risks among premenopausal women, and the
association was stronger among those with a family history
of breast cancer and those who consumed 15 g or more of
alcohol per day (6). One pooled analysis of 18 prospective
cohort studies showed an inverse association between dietary
β-carotene intake and ER-negative breast cancer (8). However,
the finding of ER-negative breast cancer was not observed in
our study of Black women.

Our results relating to lutein are consistent with previous
studies [3 measured dietary lutein intake (6, 7, 17); 2 measured
circulating lutein (10, 18); and 2 meta- and pooled analyses
of circulating lutein (8, 11)] showing that lutein exposure
was inversely associated with breast cancer risks overall or in
premenopausal women. Lutein measurements in these studies
were combined with zeaxanthin due to the limited ability of
nutrient databases or laboratory measurements to discriminate
between the 2 carotenoids (8, 50). The evidence for an
association between lutein exposure and breast cancer subtypes
is limited; a pooled analysis of prospective cohorts reported
an inverse association of dietary lutein intake with the ER-
negative breast cancer risk (8). It should be noted that in
dietary studies, the equations used to convert carotenoid levels
to retinol equivalents often do not include lutein (51). Thus, the
observed association for dietary lutein in our study should be
separately considered from the association for dietary intake of
total vitamin A equivalents. In addition, several other studies
observed inverse associations of α-carotene and lycopene with
breast cancer risks (10, 16, 18), but we did not observe an
association for α-carotene in Black women, and lycopene intake
data were unavailable.

An examination of vitamin A in breast tissue may be
important, but the data are very limited. Zhang et al. (52)
observed an inverse association between breast adipose tissue
concentrations of β-carotene and lycopene, but not of retinol
(retinyl palmitate) and lutein/zeaxanthin, with breast cancer
risks. A main limitation of the study was a small sample size
(46 cases and 63 controls).

Of importance, the study-specific associations for dietary
total vitamin A equivalents and lutein with ER-positive breast
cancer risks overall and among premenopausal women were
only significant for the WCHS, but not the other 2 studies.
The heterogeneity of findings between the studies could be in
part due to the differences in study designs. The WCHS was a
case-control study in which the dietary data potentially suffered
from differential recall between cases and controls, and the
BWHS and MEC were prospective cohort studies in which
dietary intake was measured before a breast cancer diagnosis.
The heterogeneity seemed stronger for the ER-positive overall
associations than those among premenopausal women. For ER-
positive breast cancer in premenopausal women, all 3 studies
showed an inverse association (Figures 1A, 2A, and 3A),
suggesting that the significant pooled ORs could also result
from the larger sample size in AMBER than individual studies.
Other sources of study heterogeneity included temporal and
geographic aspects of the studies. The dietary intake data were
collected in 1993–1996 in the MEC, 1995 and again in 2001
in the BWHS, and 2002–2012 in the WCHS. Also, the MEC
and WCHS recruited participants in relatively geographically
restricted areas, while the BWHS recruited participants around
the United States. Factors related to vitamin A intake, such as
obesity rates, may have changed over time or been different
between geographic locations, and thus contributed to the
between-study heterogeneity.

Our study had other limitations. First, like other nutritional
epidemiologic studies examining associations between diet
and chronic diseases, our study has inherent limitations from
potential measurement errors related to recall and the inability
to evaluate specific nutrients. The present analysis did not use
biomarkers for the exposure assessment. Research has suggested
that blood concentrations of carotenoids are more accurate
measurements of exposure than dietary intake information on
carotenoids (11, 13). Second, the lower intake values in the
BWHS might reflect less comprehensive estimates of retinol or
carotenoid intake from its FFQ. We were unable to calculate
total carotenoid values in part due to the different versions of
FFQs and nutrient databases and the lack of data on lycopene
intake. Third, the generalizability of our study may be limited,
indicated by the fact that our study participants had higher
educational attainment than US Black women in general (53).
Lastly, although we performed planned analyses with a priori
hypotheses, the investigation of carotenoids in different strata
may have resulted in multiple comparisons, potentially leading
to false-positive results.

In conclusion, data from the AMBER Consortium show an
inverse association of dietary intake of vitamin A, including
carotenoids, with ER-positive breast cancer risks among
premenopausal Black women. There is some heterogeneity
between the individual studies in AMBER, and the findings may
warrant further confirmation.
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