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Abstract

Objective To comprehensively summarize the associa-

tions between retinol, vitamins A, C, and E and breast

cancer, and quantitatively estimate their dose–response

relationships.

Methods We searched PubMed, Embase, and Cochrane

databases (from January 1982 to 15 March 2011) and the

references of the relevant articles in English with sufficient

information to estimate relative risk or odds ratio and the

95% confidence intervals, and comparable categories of

vitamins. Two reviewers independently extracted data

using a standardized form, with any discrepancy adjudi-

cated by the third reviewer.

Results Overall, 51 studies met the inclusion criteria.

Comparing the highest with the lowest intake, total vitamin

A intake reduced the breast cancer risk by 17% (pooled

OR = 0.83, 95% CI: 0.78–0.88). Further subgroup analysis

based on study design did not change the significant

reduction. Although the dietary vitamin A, dietary vitamin

E, and total vitamin E intake all reduced breast cancer risk

significantly when data from all studies were pooled, the

results became nonsignificant when data from cohort

studies were pooled. The significant association between

total retinol intake and breast cancer in all studies became

nonsignificant in case–control studies but remain signifi-

cant in cohort studies. No significant dose–response rela-

tionship was observed in the higher intake of these

vitamins with reduced breast cancer risk.

Conclusions Our results indicate that both the total intake

of vitamin A and retinol could reduce breast cancer risk.

However, associations between other vitamins and breast

cancer seem to be limited.
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Breast cancer � Meta-analysis

Introduction

Breast cancer is by far the most frequent cancer among

women with an estimated 1384,000 new cases and 458,000

deaths worldly in 2008 (GLOBOCAN 2008). Since the

changes in the incidence of breast cancer among migrant

populations were reported [1, 2], environmental factors,

particularly dietary factors, have been postulated to play

important roles in the etiology of breast cancer [2–4]. Ret-

inol and vitamins A, C, and E are hypothesized to reduce the

risk of breast cancer due to their roles in the regulation of cell

differentiation and apoptosis (retinol, vitamin A) [5], anti-

inflammation and antioxidant activities (vitamin E) [6], and

prooxidant breakage of cellular oxidative DNA (vitamin C)
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[7]. A number of case–control and prospective cohort

studies have investigated the relationships between these

vitamins and breast cancer [8–32]. However, the results

remain inconsistent. Three meta-analyses have been repor-

ted: the first on the association between dietary vitamin C

and breast cancer in 1990 [33], pooling the results of 12

case–control studies; the second on the association between

dietary vitamin C and breast cancer in 2000 [34], pooling the

results of 4 case–control studies and 5 cohort studies; and the

third on the association between vitamin E supplements and

breast cancer in 2007 [35], pooling the results of 3 RCTs. No

meta-analysis about the associations between retinol, vita-

min A, and dietary vitamin E and breast cancer has been

reported. Since the first three meta-analyses were published,

25 inconsistent observational studies with large sample have

been published [8–32]. Meanwhile, among these vitamins,

which one plays a greater role in breast cancer risk remains

unclear. Therefore, we performed a meta-analysis and meta-

regression to comprehensively and comparatively assess the

associations between retinol, vitamins A, C, and E and breast

cancer.

Materials and methods

Primary search strategy

We conducted a literature search using PubMed, Embase,

and the Cochrane library from January 1982 to 15 March

2011 with the following keywords: ‘‘retinol,’’ ‘‘vitamin A,’’

‘‘vitamin C,’’ ‘‘vitamin E,’’ ‘‘ascorbic acid,’’ ‘‘tocopherol,’’

and ‘‘breast, mammary cancer, and/or carcinoma and/or

neoplasm.’’ Papers were restricted to human studies pub-

lished in English. Additional articles were obtained from

the reference lists of the selected articles, reviews, and

from the PubMed option ‘‘Related articles.’’

Criteria for inclusion and exclusion

Studies about the association between these vitamins and

breast cancer, regardless of sample size, were only inclu-

ded if they met the following criteria: (1) Sufficient

information was provided to estimate the relative risk (RR)

or odds ratio (OR) and 95% confidence intervals. (2) The

reported categories for consumption of these vitamins had

to be comparable. (3) The studies were unrelated. (4) For

articles with same population resources or overlapping

datasets, the largest or most recent one was included.

Data extraction

Two reviewers (F.L. and C.X.) independently extracted

data using a standardized data extraction form. Any

discrepancy was discussed and adjudicated by a third

reviewer (B.N.) until a consensus was achieved. Informa-

tion extracted from each article included the following: first

author, year of publication, country of origin (continent),

type of study design, number of cases and controls, odds

ratio (OR) or relative risk (RR), and corresponding 95%

confidence intervals for ‘‘non-reference v.s. reference’’

intake including ‘‘the highest v.s. the lowest intake’’ and

adjustment variables. The lowest intake level was defined

as ‘‘reference intake,’’ and other intake levels were defined

as ‘‘non-reference intake.’’ For subjects in different conti-

nents, data were extracted separately and categorized as

Asia, Europe, and America. The studies were subgrouped

into RCT, cohort, and case–control, which were further

subgrouped into hospital-based and population-based case–

control studies.

We considered these vitamins intake (retinol, vitamins

A, C, and E) as combined intake if the authors only pre-

sented intake level but did not provide information about

whether it was dietary intake or if the author stated that it

was from supplements and dietary sources together.

Otherwise, the dietary vitamin intake and dietary supple-

ments were extracted separately.

The distributions of intake levels of these vitamins were

partitioned into 2–5 categories in the articles reviewed. All

the categories with different units (e.g., lg/day, mg/day,

IU/day, and g/day) were converted into mg/day for retinol,

vitamins C and E, and IU/day for vitamin A. The midpoint

of every category was used as the intake level; for the

highest category, the intake level was defined as it is 1.2

times [36].

For retinol, the highest intake level was approximately

‘‘6000 mg/day,’’ and the lowest intake level was about

‘‘1000 mg/day;’’ for vitamin A, they were about ‘‘10000 IU/

day’’ and ‘‘3000 IU/day,’’ respectively; for vitamin C, they

were about ‘‘300 mg/day’’ and ‘‘50 mg/day,’’ respectively;

and for vitamin E, they were about ‘‘20 mg/day’’ and ‘‘4 mg/

day,’’ respectively.

Most of the estimated associations between these vita-

mins and breast cancer were adjusted for some confounders

or their combinations. If both the crude OR/RR and mul-

tivariate-adjusted OR/RR were provided, the one reflecting

the greatest adjustment was extracted, as suggested by

Chene et al. [37]. If only crude OR/RR or number of cases

and controls was provided, the crude OR/RR or number of

cases and controls was extracted to pool the risk estimates.

For studies that displayed both crude OR/RR (95% CI) and

multivariate-adjusted OR/RR (95% CI), the data were

extracted separately and compared, as suggested by Trock

et al. [38]. The ratio of the pooled odds ratios of adjusted

ORs to crude ORs was considered as a confounding odds

ratio (ORc). If ORc [ 1, it indicated that ORs adjusted for

confounding factors exhibited larger odds ratios than those
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not adjusted. Conversely, if ORc \ 1, it indicated that ORs

adjusted for confounding factors exhibited smaller odds

ratios than those not adjusted [38].

Quality Score Assessment

The two reviewers (F.L. and C.X.) independently assessed

the quality of the studies reviewed using the quality score

assessment (Supplemental Table 2), which is based on both

traditional epidemiological considerations and dietary

issues. Total scores ranged from 0 (worst) to 22 (best)

(Supplemental Table 3). Any differences were adjudicated

by a third reviewer (B. N.).

Statistical analysis

We pooled study-specific ORs or RRs and 95% CI for both

‘‘individual non-reference v.s. reference intake’’ and ‘‘the

highest intake v.s. the lowest intake’’ to evaluate the

associations between these vitamins and breast cancer. I2

was adopted to assess heterogeneity among studies [39].

When heterogeneity was not an issue (I2 \ 50%), fixed

effect model with Mantel–Haenszel method was used to

calculate the pooled OR. Otherwise, a random effect model

with inverse variance method was used. Sensitivity anal-

yses were carried out to evaluate whether the removal of

one study at a time would influence the results and whether

the category levels would influence the results. The sig-

nificant a level of 0.05 was used.

For the dose–response analysis, the individual LnOR/

RRs in a single study related to an exposure was modeled

in the following way [36]:

LnRRj ¼ bxj

xj, j = 1 …, j - 1 was the value of exposure in the jth non-

reference exposure category, and bwas estimated by the

inverse variance–weighted least squares as follows [36].

b̂ ¼
P

wjxjyjP
wjxj

2

where wj = v-1, yj = lnRRj, and x was the value of

exposure. When the j - 1 values of yj was independent, the

standard error of b was:

SEðb̂Þ ¼
X

wjxj
2

� ��1=2

The variance of the LnRR was calculated by the

following way.

v ¼ InuRRj � InlRRj

� �.
2� 1:96ð Þ2

Based on b and the standard error of b in a single study,

we calculated the OR and 95% CI corresponding to

different exposure levels (3 exposure levels were used in

our study) in every study and pooled the ORs and 95% CI

corresponding to the 3 exposure levels of all these studies,

respectively. At last, we conducted a trend test for the

pooled ORs corresponding to the 3 exposure levels of these

vitamins using Spearman’s correlation.

Publication bias was investigated with funnel plots.

Furthermore, linear regression approach [40] and rank

correlation method [41] were adopted. Meta-analysis was

conducted with Comprehensive Meta-analysis (Version 2

Biostat, Inc., USA). Meta-regression was performed by

SAS 9.1 (SAS Institute, Cary, NC, USA).

Results

Characteristics of included studies

Figure 1 summarizes the process of identifying eligible

articles. After screening, 51 studies entered the meta-

analysis. As shown in Supplemental Table 1, there were 36

case–control studies, including 23 hospital-based case–

control studies [10–12, 14, 16, 24, 26, 28, 29, 31, 42–54]

and 13 population-based case–control studies [17–20, 22,

23, 25, 30, 32, 55–58], 2 nested case–control studies [13,

59], 1 case–cohort study [60], 9 cohort studies [8, 9, 15, 21,

27, 61–64], and 3 RCTs [65–67].

Results of meta-analysis for the associations

between retinol, vitamins A, C, and E and breast

cancer risk

Retinol

There were 23 studies on the relationship between total

retinol and breast cancer. In one study, the ORs were

analyzed in pre-and postmenopausal women, respectively

[8], so we considered them to be 2 independent com-

parisons. As shown in Table 1, 24 comparisons entered

the meta-analysis. Comparing ‘‘the highest’’ with ‘‘the

lowest’’ intake, the total intake of retinol significantly

reduced the breast cancer risk by 6% (pooled OR = 0.94,

95% CI: 0.89–0.99; p = 0.01; I2 = 11.84%) (Table 1).

Analysis based on study design found that the significant

association remained only in the cohort studies (pooled

OR = 0.91, 95% CI: 0.84–0.98; with I2 = 27.34%)

(Table 4).

The pooled ORs remained significant in premenopausal

women when stratified by menopause status (Table 2) and

in studies with quality score C 16 stratified by quality

score. A more significant association was observed in

American studies (pooled OR = 0.88, 95% CI: 0.82–0.94;

Cancer Causes Control (2011) 22:1383–1396 1385
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p \ 0.01; I2 = 0.00%) than in Asian and European studies

(p = 0.02) (Table 3).

No significant association was observed both between

the dietary intake and the combined intake of retinol and

breast cancer risk.

Vitamin A

There were 22 studies on the relationship between vitamin

A and breast cancer. In one study, the ORs were analyzed

in pre- and postmenopausal women, respectively [29]. In

Articles identified from EMBASE 
and Cochrane (n=549) 

Articles excluded due to no related factors we studied (n=65)  

Articles included (n=51) 

Articles excluded from this meta-analysis (n=8): 

1. No category, OR/RR and 95%CI, or number of cases and 

controls to calculate pooled RR (n=2). 

2. Adolescent diet and breast cancer (n=1). 

3. study focused on the association between vitamin intake and 

breast cancer survival (n=1). 

4. The category vitamin C and vitamin E intake was far higher than 

other studies (n=2);  

5. Study subjects replicated with other studies (n=2).

Articles after excluding on screening titles and/or abstracts or duplicates (n=124)

Potentially appropriate articles to be included in this meta-analysis (n=59) 

Articles identified from PubMed (n=1236) 
Fig. 1 Flowchart of study

identifying and including trials

Table 1 Pooled ORs for the

associations between retinol,

vitamins A, C, and E and breast

cancer comparing the highest

with the lowest category

* p, the significance level of

every pooled OR

Vitamins No. of

comparisons

Pooled OR and

95% CI

I2 (%) p*

Dietary retinol 20 0.96 (0.91–1.02) 0.00 0.16

Combined intake of retinol 9 0.96 (0.85–1.09) 53.41 0.52

Total retinol 24 0.94 (0.89–0.99) 11.84 0.01

Dietary vitamin A 18 0.82 (0.72–0.93) 59.71 \0.01

Vitamin A supplements 8 0.84 (0.70–1.00) 36.98 0.05

Combined intake of vitamin A 7 0.88 (0.79–0.98) 34.32 0.02

Total vitamin A 24 0.83 (0.78–0.88) 49.46 \0.01

Dietary vitamin C 29 0.77 (0.68–0.87) 80.48 \0.01

Vitamin C supplements 11 1.09 (1.01–1.18) 0.00 0.02

Combined intake of vitamin C 14 0.99 (0.88–1.10) 59.39 0.83

Total vitamin C 43 0.85 (0.77–0.93) 76.78 \0.01

Dietary vitamin E 29 0.82 (0.73–0.91) 72.06 \0.01

Vitamin E supplements 12 0.98 (0.92–1.04) 0.00 0.47

Combined intake of vitamin E 14 1.04 (0.97–1.11) 44.22 0.24

Total vitamin E 43 0.89 (0.81–0.97) 68.27 0.01
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another study [59], the ORs for total vitamin A and vitamin

A supplements were analyzed separately, so we considered

them to be 4 independent comparisons. As shown in

Table 1, 24 comparisons entered the meta-analysis. Com-

paring ‘‘the highest’’ with ‘‘the lowest’’ intake, the total

intake of vitamin A significantly reduced the breast cancer

risk by 17% (pooled OR = 0.83, 95% CI: 0.78–0.88;

p \ 0.01; I2 = 49.46%). Further subgroup analysis based

on study design and continents of studies did not change

the significant reduction, but the pooled ORs became

nonsignificant in postmenopausal women (marginally sig-

nificant in premenopausal women (p = 0.05)) when strat-

ified by menopause status (Tables 1, 2, 3, 4; Fig. 2) and in

studies with quality score \ 16 stratified by quality score.

A moderate significant association was observed in studies

published before 2000 (p = 0.00) compared with studies

published after 2000 (p = 0.11) (data not shown).

Since high heterogeneity existed in the case–control

studies (I2 = 56.12%), further subgroup analysis based on

the types of control was performed, and the heterogeneity

decreased in both subgroups. The pooled OR in the hos-

pital-based case–control studies was 0.69 (95% CI:

0.61–0.78, with I2 = 41.97%), significantly lower than that

of population-based controls (pooled OR = 0.97, 95% CI:

0.77–1.22, with I2 = 50.59%) (p = 0.01).

The dietary intake of vitamin A significantly reduced the

breast cancer risk by 18% (OR = 0.82, 95% CI: 0.72–0.93;

p \ 0.01; I2 = 59.71%). Analysis based on study design

found that the significant association only remained in the

case–control studies. The heterogeneity decreased in both

subgroups of controls; the pooled OR in the hospital-based

case–control studies was 0.69 (I2 = 51.95%, 95% CI:

0.55–0.88), not significantly lower than that of population-

based controls (pooled OR = 0.86, 95% CI: 0.76–0.96;

I2 = 44.42%) (p = 0.20).

The combined intake of vitamin A also reduced the

breast cancer risk significantly, but we did not conduct

subgroup analysis because of few studies. Only marginal

significance was observed between vitamin A supplements

and the breast cancer risk.

Vitamin C

There were 37 studies on the relationship between vitamin

C and breast cancer. In 3 studies, the ORs were analyzed in

pre-and postmenopausal women, respectively [8, 23, 27].

In 3 other studies [55, 59, 64], the ORs for dietary vitamin

C (or total vitamin C) and vitamin C supplements were

analyzed separately, so we considered them to be 12

independent comparisons. As shown in Table 1, 43 com-

parisons entered the meta-analysis. Comparing ‘‘the high-

est’’ with ‘‘the lowest’’ intake, the total intake of vitamin C

significantly reduced the breast cancer risk by 15%

(OR = 0.85, 95% CI: 0.77–0.93; p \ 0.01, I2 = 76.78%);

the dietary intake of vitamin C significantly reduced the

risk by 23% (OR = 0.77, 95% CI: 0.68–0.87; p \ 0.01,

I2 = 80.48%). In further subgroup analysis based on study

design, both the significant associations remained only in

the case–control studies.

The heterogeneity for the association between total

vitamin C and breast cancer decreased in the population-

based case–control studies, but it was slightly increased in

the hospital-based case–control studies. The pooled OR in

the hospital-based case–control studies was 0.52 (95% CI:

0.39–0.71, with I2 = 85.00%), significantly lower than that

of population-based controls (pooled OR = 0.94, 95% CI:

0.86–1.03, with I2 = 38.23%) (p \ 0.01). The heteroge-

neity for the association between dietary vitamin C and

breast cancer also decreased in the population-based case–

control studies (I2 = 30.89%), but it was slightly increased

in the hospital-based case–control studies (I2 = 85.88%).

The pooled ORs were significantly lower in the hospital-

based case–control studies than those of population-based

case–control studies (p \ 0.01).

Because of high heterogeneity (I2 = 85.00%) and rela-

tively lower pooled OR for the association between total

vitamin C and breast cancer in the hospital-based case–

control studies, we further conducted subgroup analysis

based on continent and year of publication. The heteroge-

neity decreased in the 4 Asian studies, but it was slightly

increased in the 2 American studies and the 8 European

studies. The heterogeneity also decreased to some extent

both in the studies published before and after 2000; the

pooled OR in the studies published before 2000 was 0.65

(95% CI: 0.48–0.87; with I2 = 76.03%), significantly

different from that of studies published after 2000

(OR = 0.38, 95% CI: 0.25–0.58; with I2 = 72.96%).

Adverse association between vitamin C supplements

and breast cancer was observed; however, the pooled OR

became nonsignificant (pooled OR = 1.04, 95% CI:

0.94–1.15) excluding the study by Cui et al. [21], which

accounted for 45.14% weights of the meta-analysis. No

significant association was observed in the combined

intake of vitamin C and breast cancer with pooled OR of

0.99 (95% CI: 0.88–1.10; I2 = 59.39%).

Vitamin E

There were 38 studies on the relationship between vitamin E

and breast cancer. In 3 studies, the pooled ORs were ana-

lyzed in pre- and postmenopausal women, respectively [23,

27, 29]. Two other studies [55, 59] analyzed dietary vitamin

E (or total vitamin E) and vitamin E supplements separately,

so we considered them to be 10 independent comparisons.

As shown in Table 1, 43 comparisons entered the meta-

analysis. Comparing ‘‘the highest’’ with ‘‘the lowest’’ intake,
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total intake of vitamin E significantly reduced the breast

cancer risk by 11% (OR = 0.89, 95% CI: 0.81–0.97;

p = 0.01, I2 = 68.27%); dietary intake of vitamin E sig-

nificantly reduced the risk by 18% (OR = 0.82, 95% CI:

0.73–0.91; p \ 0.01, I2 = 72.06%). In further subgroup

analysis based on study design, both the significant associ-

ation between total and dietary vitamin E and breast cancer

became nonsignificant in cohort studies.

Table 4 Pooled OR (95% CI)

and I2 for the associations

between retinol, vitamins A, C,

and E and breast cancer

comparing the highest with the

lowest category stratified by

study design

* p, the significance level of

comparing the pooled OR

between cohort and case–

control studies
� p, the significance level of

comparing the pooled OR

between hospital-based and

population-based case–control

studies

Subgroups No. of

comparisons

Pooled OR

and 95% CI

I2 (%) p

Dietary retinol

Cohort 5 0.99 (0.90–1.08) 0.00 0.42*

Case–control 15 0.94 (0.87–1.02) 0.00

Hospital-based case–control 11 0.94 (0.85–1.04) 0.00 0.98�

Population-based case–control 4 0.94 (0.83–1.07) 0.00

Total retinol

Cohort 8 0.91 (0.84–0.98) 27.34 0.25*

Case–control 16 0.97 (0.90–1.04) 0.87

Hospital-based case–control 11 0.97 (0.88–1.07) 3.08 0.87�

Population-based case–control 5 0.96 (0.85–1.08) 16.43

Dietary vitamin A

Cohort 5 0.96 (0.87–1.07) 19.95 0.02*

Case–control 13 0.74 (0.62–0.88) 56.70

Hospital-based case–control 10 0.69 (0.55–0.88) 51.95 0.20�

Population-based case–control 3 0.86 (0.76–0.96) 44.42

Total vitamin A

Cohort 5 0.89 (0.81–0.99) 0.00 0.13*

Case–control 19 0.77 (0.66–0.90) 56.12

Hospital-based case–control 13 0.69 (0.61–0.78) 41.97 0.01�

Population-based case–control 6 0.97 (0.77–1.22) 50.59

Dietary vitamin C

Cohort 9 1.01 (0.95–1.08) 14.53 \0.01*

Case–control 20 0.64 (0.52–0.78) 82.85

Hospital-based case–control 13 0.51 (0.37–0.70) 85.88 \0.01�

Population-based case–control 7 0.93 (0.84–1.04) 30.89

Total vitamin C

Cohort 16 1.02 (0.97–1.07) 43.04 \0.01*

Case–control 26 0.70 (0.59–0.83) 80.15

Hospital-based case–control 14 0.52 (0.39–0.71) 85.00 \0.01�

Population-based case–control 12 0.94 (0.86–1.03) 38.23

RCT 1 1.11 (0.87–1.41) 0.00

Dietary vitamin E

Cohort 9 0.98 (0.92–1.05) 0.00 \0.01*

Case–control 20 0.71 (0.60–0.85) 70.26

Hospital-based case–control 14 0.65 (0.51–0.83) 68.96 0.07�

Population-based case–control 6 0.87 (0.77–0.98) 45.22

Total vitamin E

Cohort 14 1.00 (0.94–1.07) 0.00 \0.01*

Case–control 26 0.80 (0.68–0.93) 73.45

Hospital-based case–control 15 0.72 (0.56–0.93) 76.90 0.17�

Population-based case–control 11 0.89 (0.75–1.05) 55.85

RCT 3 0.99 (0.90–1.09) 0.00
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Fig. 2 The forest plot for the

association between total

vitamin A intake and breast

cancer risk when all the studies

(a), cohort studies (b), and

case–control studies (c) were

pooled
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The heterogeneity for the association between total

vitamin E and breast cancer decreased in the population-

based case–control studies, but it was slightly increased in

the hospital-based case–control studies. The pooled OR in

the hospital-based case–control studies was 0.72 (95% CI:

0.56–0.93, with I2 = 76.90%), not significantly different

from that of population-based controls (pooled OR = 0.89,

95% CI: 0.75–1.05, with I2 = 55.85%) (p = 0.17). The

heterogeneity for the association between dietary vitamin E

and breast cancer was reduced in both subgroups of con-

trols. No significant difference was observed between the

pooled ORs in the 14 hospital-based case–control studies

(pooled OR = 0.65, 95% CI: 0.51–0.83, with I2 = 68.96%)

and those of 6 population-based case–control studies

(pooled OR = 0.87, 95% CI: 0.77–0.98, with I2 = 45.22%)

(p = 0.07).

No significant associations were observed in the asso-

ciations between vitamin E supplements and combined

intake of vitamin E and breast cancer.

We also conducted the pooled OR comparing every non-

reference category with the lowest category. Because of the

smaller increment of the intake levels of these vitamins,

significance was only observed in some of the individual

estimates between these vitamins and breast cancer (Sup-

plemental Table 4).

Results of sensitivity analysis

The removal of one study had no significant influence on

the pooled ORs of the associations between retinol, vita-

mins A, C, and E and breast cancer, respectively.

Five of the 18 studies on the association between dietary

vitamin A and breast cancer provided far lower category of

intake levels [22, 25, 26, 31, 42], and the pooled OR of the 5

studies was similar (pooled OR = 0.83, 95% CI: 0.76–0.92)

to the pooled OR based on the 18 studies (pooled OR = 0.82,

95% CI: 0.72–0.93); another study by Zhang [28] did not

provide the category of intake levels. Omitting one of the 6

studies had no influence on the pooled ORs, and when all the

6 studies were omitted, the pooled ORs for the association

between dietary vitamin A and breast cancer became non-

significant (pooled OR = 0.92, 95% CI: 0.84–1.01).

Dose–response relationship

We identified a significant dose–response relationship in

higher intake of total retinol and reduced breast cancer risk

(p = 0.04), which was influenced by one study [54].

Excluding the study made the significant dose–response

relationship become marginally significant (p = 0.06). No

significant dose–response relationship was observed in

increasing intake of vitamins A, C, and E and risk reduc-

tion of breast cancer (Table 5).

Confounding OR

All the ORcs were lower than 1 without statistical signif-

icance except the ORc of the association between dietary

vitamin A intake and breast cancer risk (ORc = 1.08) (data

not shown).

Publication bias

Publication bias was observed in the associations between

dietary vitamin C, total vitamin C, and vitamin E supple-

ments and breast cancer using Begger’s regression and

Egger’s regression approach. After adjustment with Trim

and fill method, both the significant associations between

dietary and total vitamin C and breast cancer became

nonsignificant, and the association between vitamin E

supplements and breast cancer was still nonsignificant.

Details are summarized in Table 6. The funnel plots for

associations between total retinol, total vitamins A, C, and

E and breast cancer are shown in Fig. 3.

In subgroup analyses stratifying by study design, pub-

lication bias for the associations between dietary and total

vitamin C and breast cancer was only observed in the case–

control studies. The adjustment by Trim and fill method

made the associations between dietary and total vitamin C

and breast cancer in the case–control studies both become

nonsignificant.

Discussion

Our meta-analysis suggested that the total vitamin A intake

significantly reduced breast cancer risk; further subgroup

analysis based on study design did not change the signifi-

cant reduction. Both combined intake of vitamin A and

vitamin A supplements reduced breast cancer risk signifi-

cantly. The associations between total retinol, dietary and

total vitamin E, dietary vitamin A and breast cancer were

limited by study design.

Considered the intake levels of these vitamins, the

intake levels of retinol and vitamin A varied largely across

studies reviewed. For total retinol and total vitamin A,

removal of the studies that provided far lower category

levels had no influence on the pooled ORs. For dietary

vitamin A, 5 of the 18 studies provided far lower category

levels [22, 25, 26, 31, 42], and omitting all the 5 studies

made the pooled ORs become nonsignificant. The intake

levels of vitamins C and E were relatively comparable; the

category of intake levels had little influence on the pooled

ORs. In order to eliminate the variance of category levels,

we conducted meta-regression. No significant dose–

response relationship was observed in increasing intake of

these vitamins and risk reduction of breast cancer.
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In our meta-analysis, total and dietary vitamin C intake

could not significantly reduce the risk of breast cancer,

which was different from the significant result of the meta-

analysis by Gandini et al. [34] (OR = 0.80, 95% CI:

0.68–0.95, pooling the results of 5 cohort and 4 case–

control studies) and another meta-analysis by Howe et al.

[33] (OR = 0.69, p \ 0.001, pooling the results of 12

case–control studies). Since subgroup analysis showed that

dietary vitamin C intake significantly reduced breast cancer

risk only in case–control studies but not in cohort studies,

more cohort studies were included in our meta-analysis

than those in the meta-analysis by Gandini et al. [34]. The

nonsignificant association may be limited by the cohort

studies without significance. Adverse association between

vitamin C supplements and breast cancer was observed in

our meta-analysis. After excluding the study by Cui et al.

[21], which accounted for 45.14% weights of the meta-

analysis, the pooled RR became nonsignificant (pooled

RR = 1.04, 95% CI: 0.94–1.15), similar to the single RCT

[67]. The benefit effect of vitamin C supplements in the

primary prevention of breast cancer seems to be limited.

The result of this meta-analysis on the association

between dietary vitamin E and breast cancer was similar to

that on the association between vitamin E supplements and

breast cancer [35], on pooling the results of 3 RCTs with a

null result. Maybe vitamin E has an effect only in

Table 5 Dose–response

analysis on the associations

between retinol, vitamins A, C,

and E intake and the risk of

breast cancer

Vitamins No. of studies Pooled RR

and 95% CI

p for Z test I2 (%)

Total retinol

1000 mg/day 7 0.98 (0.96–0.99) \0.01 42.10

2000 mg/day 7 0.96 (0.94–0.98) \0.01 42.07

3000 mg/day 7 0.94 (0.91–0.97) \0.01 42.07

Ptrend 0.04

Dietary vitamin A

5000 IU/day 4 0.97 (0.89–1.06) 0.32 64.95

8000 IU/day 4 0.95 (0.83–1.09) 0.55 64.95

10000 IU/day 4 0.94 (0.79–1.12) 0.35 64.95

Ptrend 0.71

Total vitamin A

5000 IU/day 6 0.94 (0.88–1.00) 0.05 79.72

8000 IU/day 6 0.90 (0.81–1.00) 0.05 79.72

10000 IU/day 6 0.88 (0.77–1.00) 0.05 79.72

Ptrend 0.47

Dietary vitamin C

100 mg/day 7 1.00 (0.93–1.08) 0.32 85.35

200 mg/day 7 1.01 (0.87–1.17) 0.23 85.35

300 mg/day 7 1.01 (0.81–1.27) 0.50 85.35

Ptrend 0.93

Total vitamin C

100 mg/day 11 1.00 (0.97–1.02) 0.73 65.74

200 mg/day 11 0.99 (0.95–1.04) 0.73 65.74

300 mg/day 11 0.99 (0.92–1.06) 0.77 65.74

Ptrend 0.70

Dietary vitamin E

5 mg/day 12 0.94 (0.89–1.00) 0.05 85.74

8 mg/day 12 0.91 (0.83–0.99) 0.04 85.74

10 mg/day 12 0.88 (0.79–0.99) 0.03 85.74

Ptrend 0.58

Total vitamin E

5 mg/day 18 0.97 (0.94–1.00) 0.13 82.58

8 mg/day 18 0.95 (0.90–1.00) 0.25 82.58

10 mg/day 18 0.94 (0.88–1.00) 0.32 82.58

Ptrend 0.75
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Table 6 Publication bias for

the associations between retinol,

vitamins A, C, and E and breast

cancer comparing the highest

with the lowest category

Vitamins Publication

bias

p for

Begger

p for

Egger

No. of Trim

and fill

Adjusted

OR

Retinol

Dietary retinol No 0.95 0.37 2 –

Combination (diet ? supplement) No 0.10 0.09 3 –

Total retinol No 0.23 0.30 2 –

Vitamin A

Dietary vitamin A No 0.85 0.26 3 –

Supplemental vitamin A No 0.22 0.21 2 –

Combination (diet ? supplement) No 0.65 0.63 0 –

Total vitamin A No 0.69 0.52 2 –

Vitamin C

Dietary vitamin C Yes 0.00 0.00 11 0.98 (0.85–1.13)

Supplemental vitamin C No 0.39 0.16 4 –

Combination (diet ? supplement) No 0.35 0.32 2 –

Total vitamin C Yes 0.00 0.00 13 1.01 (0.91–1.12)

Vitamin E

Dietary vitamin E No 0.28 0.15 3 –

Supplemental vitamin E Yes 0.10 0.01 5 1.00 (0.94–1.06)

Combination (diet ? supplement) No 0.87 1.00 0 –

Total vitamin E No 0.34 0.18 1 –

Fig. 3 The funnel plots for the

associations between total

retinol (a), total vitamin A (b),

total vitamin C (c), total vitamin

E (d), and breast cancer
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combination with other dietary components, such as

polyunsaturated fatty acids [68], or that a vitamin E sup-

plement may confer protection against breast cancer among

women with insufficient dietary intake of vitamin E [18].

In subgroup analyses, all the associations between die-

tary vitamins A, C, and E and breast cancer were signifi-

cant in the case–control studies, but not in the cohort

studies, with exception of the significant association

between total vitamin A and breast cancer both in the case–

control and cohort studies and the significant association

between total retinol and breast cancer in the cohort studies

but nonsignificant in the case–control studies. This may be

caused by larger recall bias in the case–control studies for

vitamins A, C, and E.

The heterogeneity persisted in case–control studies, but

the cohort studies had little heterogeneity with exception

of cohort studies on association between total vitamin C

and breast cancer. The high heterogeneity in this meta-

analysis may be due to the following reasons: (1) various

ages of the study population; (2) the different stages

of breast cancer patients, 5 case–control studies only

involving invasive breast cancer patients [16, 17, 25, 29,

32]; (3) the bias from the collection of dietary informa-

tion, the definition of food groups, and the diverse time

periods before interview across studies especially in the

case–control studies.

The pooled ORs generated on the 51 studies can sig-

nificantly increase the statistical power. However, like all

meta-analyses, limitations should be considered in this

meta-analysis. Firstly, the interactions among these vita-

mins may reinforce the associations with breast cancer.

Lack of the original data of the studies reviewed limited

our further evaluation of potential interactions. Secondly,

studies focused on the associations between these vitamins

and breast cancer were relatively less in Asia. Finally, not

all studies on these vitamins were used to calculate meta-

regression because of non-comparable reference category,

especially with respect to dose levels.

Conclusions

Our results indicate that higher total vitamin A and retinol

intake could significantly reduce breast cancer risk. Asso-

ciation between other vitamins and breast cancer seems to

be limited by study design. Given these limitations and the

results of this meta-analysis, it is premature to recommend

higher dietary vitamin A, any kinds of vitamin C intake and

vitamin E intake for the primary prevention of breast

cancer.
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