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Abstract

Experimental data suggest a protective effect of vitamin D on breast cancer; however, epidemiologic results remain
inclusive. With a Chinese population-based case-control study and meta-analysis of the observational studies, we here
systematically evaluated the association of blood 25(OH)D level and breast cancer risk. With 593 breast cancer cases and 580
cancer-free controls from Shanghai, China, we found that 80% of the normal women had severe vitamin D deficiency (less
than 20 ng/mL) and 15.2% had mild deficiency (20 to 30 ng/mL) and only 4.8% of women had sufficient vitamin D level
(.30 ng/mL) while the proportion was 96.1%, 3.2% and 0.7% respectively for the breast cancer patients. Compared to those
with the lowest quartile of plasma 25(OH)D level, women with highest quartile 25(OH)D level showed a significant
decreased breast cancer risk (Q4 vs.Q1: OR = 0.10, 95% CI = 0.06–0.15) and every 1 ng/ml increment of plasma 25(OH)D level
led to a 16% lower odds of breast cancer (OR = 0.84, 95% CI = 0.81–0.87; P,0.001). From the meta-analysis of the
observational studies, we found that women with highest quantile of blood 25(OH)D level was associated with a
significantly reduced breast cancer risk compared to those with lowest quantile of blood 25(OH)D level for the 11 nested
case-control and retrospective studies (pooled OR = 0.86, 95% CI = 0.75–1.00) and 10 case-control studies (7 population
based, OR = 0.35, 95% CI = 0.24–0.52; 3 hospital based, OR = 0.08, 95% CI = 0.02–0.33). These results suggest that vitamin D
may have a chemo-preventive effect against breast cancer.
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Introduction

Vitamin D is a fat-soluble vitamin that exists in a few kinds of

foods and is mainly synthesized by the skin subsequent to sun

exposure from 7-dehydrocholesterol [1,2]. After absorption or

synthesis, vitamin D is converted into 25(OH)D in the liver, which

is the major storage form of vitamin D. The plasma 25(OH)D level

has been widely recognized as the indicator of vitamin D status for

the human body [3]. In the kidney, 25(OH)D is 1a-hydroxylated

by mitochondrial 1a-hydroxylase to yield 1a,25-(OH)2D, the

active form for vitamin D [4]. In the cells, the molecule 1a,25-

(OH)2D binds to the vitamin D receptor (VDR), a member of

steroid hormone receptor family which exerts transcriptional

activation or repression of target genes activity through interaction

with other co-factors [5]. It has been well established that vitamin

D is essential for Ca2+ and Pi transport and bone mineralization in

the human body and vitamin D deficiency leads to osteoporosis,

rickets, fracture and other bone diseases [6,7]. Recently, epidemi-

ological studies have suggested that vitamin D deficiency is a

global epidemic which may increase the risk of certain types of

chronic diseases such as metabolic syndrome [8], diabetes [9],

cardiovascular diseases [10], mental diseases [11] and immune

response dysfunctions [12].

Accumulating evidence suggest that vitamin D and its

downstream signaling pathways are involved in the proliferation,

differentiation, apoptosis, angiogenesis, and metastasis for the

cancer cells [13]. Vitamin D deficiency may be associated with
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increased risk for colorectal [14], prostate [15], and lung cancer

[16]. Studies also found that lower 25(OH)D level in the lung [17],

breast [18], colorectal cancer [19] and non-Hodgkin’s lymphoma

[20] patients could be an independent prognosis factor for poorer

clinical outcomes. VDR is expressed both in normal and

transformed mammary cells and the vitamin D signaling pathway

has potential protective effects against breast cancer tumorigenesis.

The VDR knockout mice showed an increased incidence of

mammary gland hyperplasia and a higher percentage of hormone

independent tumors with squamous differentiation compared to

the wide type mice when induced with the dimethylbenzanthra-

cence [21]. VDR ablation also enhanced the tumorigenesis for the

MMTV-neu transgenic model of breast cancer with shortened

latency, increased incidence of mammary tumor formation and

worse prognosis [22]. Epidemiological studies have been conduct-

ed to assess whether high vitamin D intake is capable of reducing

the incidence of breast cancer. Although the conclusions from

individual studies are inconclusive, the pooled results from the

meta-analysis study suggest that higher vitamin D intake may

reduce the breast cancer risk [23]. As an indicator of vitamin D

status of human body, many case-control studies and nested case-

control studies have evaluated the relationship between the

circulating of 25(OH)D level and breast cancer risk. To date,

population and hospital based case-control studies have suggested

an inverse relationship between 25(OH)D level and breast cancer

risk; however, results from the prospective nested case-control

studies have been inconclusive. For there is a lack of the data for

the Chinese population and the conclusions from the observational

studies were inconclusive, we conducted a population based case-

control study in the Chinese population and also performed a

systematic meta-analysis study to evaluate the association between

blood 25(OH)D level and the breast cancer risk.

Materials and Methods

Study Populations
593 newly diagnosis breast cancer patients aged between 30 and

87 years old were recruited at the Zhongshan tumor hospital

during March, 2006 to July, 2007 with complete medical records.

The patients were genetically unrelated ethnic Han Chinese from

Shanghai and the surrounding regions. All patients had been

histopathologically diagnosed with primary breast cancer and not

yet treated. A 5-ml blood sample was provided by the patients

before any treatment after the written informed consent was

obtained. Patients were excluded if they had received any

treatment for the breast cancer, or were not Chinese Han

population, or with any other cancer disease.

The 580 unrelated female control samples were randomly

extracted from the women who have participated in the Breast

Cancer Screening Project of the same hospital during the year

2005 to 2008 at Minhang district of Shanghai, and the controls

reported no previous cancer history and were further confirmed

with no evidence of breast cancer, or any suspicious precancerous

lesions of the breast by the physicians. The controls were Chinese

Han population and between 25 to 85 years old. A 5-ml of blood

sample was also collected for the controls and the date was

recorded. The controls were matched with the breast cases with

65 years old and the time of blood collection (63 months).

All the participants were personally interviewed with the pre-

trained interviewers to complete the structured questionnaire that

evaluated the potential breast cancer factors for women, including

age, age at menarche, age at first birth, marital status, and the first-

degree relatives’ history of breast cancer. For the menopausal

status, women were classified as postmenopausal if they affirmed

that their menstruations had ceased or had no menstrual history

during the past 12 months or more. Those with normal menstrual

cycle or still with menstrual history during the past 12 months

were assessed as pre-menopausal/peri-menopausal status as

defined [24].

Ethics Statement
This project has been approved by the Scientific and Ethical

Committee of the Cancer Hospital of Fudan University. All of the

samples were collected with a written informed consent provided

by the participants.

25(OH)D Level Determination
After collection, all the blood samples were centrifuged at 3000g

for 15 minutes and the plasma were immediately storage at

220uC in aliquots until use. The plasma 25(OH)D level was

determined using a radioimmunoassay kit (DiaSorin, Stillwater,

MN) according to the standard procedure. All of the coefficients of

variation for within-assay and between-assay were less than 10%.

Study Selection for the Meta-analysis
We systematically searched the PubMed and MEDLINE

databases for eligibility studies that have been published online

up to September 2012. We used the term ‘‘breast cancer’’ in

combination with ‘‘vitamin D,’’ or ‘‘25-hydroxyvitamin D’’ and

‘‘plasma’’ or ‘‘serum’’ to identify the studies that have evaluated

the blood 25(OH)D level and breast cancer risk. References of the

included studies and related reviews were checked to identify any

missing data in the database search. Only studies reported in

English were included in our meta-analysis.

Eligibility studies should have reported blood 25(OH)D level in

quantiles and the corresponding risk estimates and their 95%

confidential intervals (CI), or provided the estimates for the highest

quantile in contrast with the lowest quantile of blood 25(OH)D, or

provided sufficient data that could be used to calculate the risk

estimate and its 95% CI between the quantiles. If overlapping

populations were identified between the studies, only the most

complete data were included in the meta-analysis. Descriptive

characteristics about each study, when available, were extracted

from the published reports: first author’s last name, the year of

publication, country of the study performed, study design, the

sample size, the age range of the subjects, blood 25(OH)D level,

the risk estimates that reflected the greatest degree of control for

potential confounders with their corresponding confidence inter-

vals, and the adjusted covariates.

Statistical Analysis
The x2 test (for categorical variables) and Student’s t-test (for

continuous variables) were used to evaluate the differences in

demographic characteristics and selected variables. To assess the

seasonal distribution of vitamin D level in the cases and controls,

the sample collect date was categorized into spring (March to

May), summer (June to August), autumn (September to Novem-

ber) and winter (January, February and December). Comparisons

of the vitamin D level between cases and controls and in different

seasons were done using the nonparametric Wilcoxon tests. To

determine the association of vitamin D status and breast cancer

risk, we firstly divided the 25(OH)D level into quartiles according

to its distribution in the control group. The multivariable

conditional logistic regression was used to calculated the odds

ratios (ORs) and their 95% confidential interval (95% CI) for

quartiles Q2 through Q4 compared with the lowest quartile Q1

with or without the adjustment of the co-variants of age, age at first
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birth, age at menarche, menopausal status, first-degree family

history of breast cancer and use of oral contraception. We also

assessed the 25(OH)D level as continuous variants (per 1 ng/ml

increment) to evaluate its association with breast cancer risk.

For the meta-analysis, the risk estimate OR and its 95% CI was

extracted or calculated from each study. To establish the

appropriate weighting for each study, the SE for each logarithm

OR was calculated and each study was weighted using the generic

inverse variance approach. The DerSimonian and Laird random-

effects method which considers the variability within and between

studies was used to calculate the pooled estimate [25]. Statistical

heterogeneity between the studies was assessed using the Cochrane

Q test (significance set at P,0.05) together with I2 values

(significance set at I2.25%). Publication bias was represented as

funnel plot and further assessed using the Egger’s test [26].

Sensitivity studies were performed by excluding individual studies

repeatedly to identify any study significantly affected the overall

results. All the statistical analyses were performed with Review

Manager software version 5.1 and the Meta package for R (www.

r-project.com).

Results

The Chinese Population Based Case-control Study
The baseline characteristics of the participants are shown in

Table 1. The mean age of the controls was 55.3 years old and

slightly older than the mean age of the cases (P = 0.001), and we

found more normal women were at post-menopausal status

(P,0.001). We also found that women in the case group were

with earlier menarche age (P,0.001). Women with the oral

contraceptives may affect the breast cancer risk (P = 0.045).

In total, the mean 25(OH)D level for the normal women was

15.67 ng/ml and 11.31 ng/ml for the breast cancer patients

(Wilcoxon’s test, P,0.001). Among the normal women, 80.0%

showed vitamin D severe deficiency (less than 20 ng/ml), 15.2%

have vitamin D deficiency status (20–30 ng/ml) and only 4.8%

have sufficiency vitamin D in their blood (.30 ng/ml). However,

the situation of vitamin D status for the breast cancer patients is

worse with 96.1% of severe vitamin D deficiency, 3.2% of vitamin

D deficiency and only 0.7% have sufficiency vitamin D in their

blood sample (P,0.001). The mean 25(OH)D level was different

among the seasons, with the highest 25(OH)D level was found in

summer (17.76 ng/ml) and lowest in winter (10.75 ng/ml) for the

normal women. The mean circulating 25(OH)D level was

15.67 ng/ml and 16.25 ng/ml in spring and autumn respectively

for the normal women. For the breast cancer patients, the mean

25(OH)D was highest level in autumn (14.38 ng/ml) and lowest in

the spring (10.16 ng/ml) with the mean 25(OH)D level was

11.24 ng/ml and 11.27 ng/ml in summer and winter. The

seasonal 25(OH)D level was significantly lower for the breast

cancer patients compared to normal women except the winter

(Wilcoxon’s test, P,0.001 for spring, summer, autumn and

P = 0.968 for winter).

We found a significantly inverse association between plasma

concentration of 25(OH)D and breast cancer risk. Compared with

the lowest quartile (#10.4 ng/ml), women with higher 25(OH)D

level showed a significantly reduced breast cancer risk with the

adjusted OR was 0.43 (95% CI = 0.31–0.60) for Q2 (10.4–

13.4 ng/ml), 0.24 (95% CI = 0.17–0.35) for Q3 (13.4–17.9 ng/ml)

and 0.10 (95% CI = 0.06–0.15) for Q4 ($17.9 ng/ml) and the p-

trend value was less than 0.001 (Table 2). Additionally, when

treated the 25(OH)D as a continuous variable in the multivariate

model, we have found a significantly reduced risk for breast cancer

with the OR was 0.84 (95% CI = 0.81–0.87, P,0.001) for per

1 ng/ml (equal to 2.5 nM) increment of plasma 25(OH)D level. In

the stratification studies, we found that plasma 25(OH)D was

significantly associated with a reduced breast cancer risk within

each stratum including age ($50 or ,50 years), age at menarche

($16 or ,16 years), age at the first birth ($26 or ,26 years) and

menopausal status (Table 3). In the stratified studies by the season

of blood collect, we found a significant association of the blood

25(OH)D and breast cancer risk in spring, summer and autumn,

whereas no such association was found in winter, which may be

Table 1. The baseline characters for the participants in the study.

Characteristics Controls (N = 580) Cases (N = 593) P-value

Age (year, 6SD) 55.369.3 53.0611.3 0.001

Age at menarche (year, 6SD) 15.661.8 15.161.7 ,0.001

Age at first birth (year, 6SD) 26.364.3 26.263.6 0.425

Menopausal status ,0.001

pre2/peri-menopausal 150 (26.3%) 216 (38.4%)

post-menopausal 421 (73.7%) 347 (61.6%)

Contraceptive users 0.045

yes 32 (5.5%) 49 (8.7%)

no 548 (94.5%) 512 (91.3%)

First-degree relatives’ history of breast cancer 0.693

yes 24 (4.1%) 27 (4.8%)

no 556 (95.9%) 536 (95.2%)

Season of blood collection 0.007

spring 204 (35.2%) 198 (33.4%)

summer 220 (37.9%) 183 (30.9%)

autumn 56 (9.7%) 81 (13.7%)

winter 100 (17.2%) 131 (22.1%)

doi:10.1371/journal.pone.0049312.t001
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due to the relatively lower blood 25(OH)D level both for the breast

cancer patients and the controls (Table 3).

Meta-analysis of Blood 25(OH)D Level and Breast Cancer
Risk

The working flow chart for the studies identification for the

meta-analysis studies is shown as Figure 1. From the literature

search, we have identified 21 eligibility studies that have evaluated

the association between blood 25(OH)D level and the breast

cancer risk (Table 4). 10 nested case-control

[27,28,29,30,31,32,33,34,35,36] and 1 retrospective studies [37]

were found with a total of 6,811 cases and 9,041 controls, and

three of these studies have reported a significantly inverse

association for blood 25(OH)D level and breast cancer risk

[31,33,37]. All the 7 included population based case-control

studies (including 4,648 cases and 5,022 controls)

[38,39,40,41,42,43] and 3 hospital based case-control studies

(including 312 cases and 483 controls) [44,45,46] reported an

inverse relationship between blood 25(OH)D level and breast

cancer risk. The risk estimates of breast cancer for the highest

versus the lowest category of blood 25(OH)D level for individual

studies and the summary estimates of the meta-analysis studies

were shown in Figure 2. For the nested case-control and

retrospective studies, the summary estimate for the highest

quantile of blood 25(OH)D level versus the lowest quantile level

indicated a significant reduced breast cancer risk (pooled

OR = 0.86, 95% CI = 0.75–1.00) with moderate heterogeneity

between the studies were identified (P = 0.08; I2 = 40%). The

summary estimates for the population based case-control studies

(pooled OR = 0.35, 95% CI = 0.24–0.52) and hospital based case-

control studies (pooled OR = 0.08, 95% CI = 0.02–0.33) also

suggested that women with higher blood 25(OH)D level showed a

reduced breast cancer risk. Statistically significant heterogeneity

among the subgroup studies was found (I2 = 92.9%, P,0.001;

Figure 2). No significant publication bias was found for all meta-

analysis studies as suggested by the Egger’s test (P = 0.133,

prospective studies; P = 0.701, population based case-control

studies; P = 0.121, hospital based case-control studies). Sensitivity

studies indicated no single study significantly affects the results of

the meta-analysis studies.

Discussion

From our population study, we found that vitamin D deficiency

was a common phenomenon for the women and lower blood

vitamin D level may increase the breast cancer risk in the Chinese

population. Vitamin D deficiency and insufficiency could be found

in nearly 95% of the general women with the plasma 25(OH)D

concentration was less than 30 ng/ml. A dual-centered study

conducted by Woo et al. in China found that more than 90% of

young women in Beijing and Hong Kong had circulating

25(OH)D level less than 50 nmol/L (equal to 20 ng/ml) [47].

Lu et al. found that 69.2% of middle-aged and elderly Chinese

individuals (including women and men) with the plasma 25(OH)D

level less than 50 nmol/L [48]. Unlike the western populations,

women in China rarely take vitamin supplements and there is also

a lack of vitamin D fortified food, which lead to the relatively lower

plasma 25(OH)D level compared to the western women. We

found that the mean plasma vitamin D level was usually higher

when collected in summer and relatively lower in winter, for which

Table 2. The odds ratios for breast cancer risk by plasma 25(OH)D concentration.

Plasma 25(OH)D Cases Controls Crude model OR (95% CI) Adjusted model* OR (95% CI)

Categorized (ng/ml) No. % No. %

Q1 (#10.4) 325 54.8 145 25.0 1.00 (Reference) 1.00 (Reference)

Q2 (10.4–13.4) 148 25.0 145 25.0 0.44 (0.32–0.60) 0.43 (0.31–0.60)

Q3 (13.4–17.9) 81 13.6 145 25.0 0.28 (0.19–0.39) 0.24 (0.17–0.35)

Q4 (.17.9) 39 6.6 145 25.0 0.11 (0.07–0.17) 0.10 (0.06–0.15)

p-trend ,0.001 ,0.001

Continuous

per 1 ng/ml increment 593 580 0.85 (0.82–0.88) 0.84 (0.81–0.87)

*The OR was adjusted by age, age at first birth, age at menarche, use of contraceptive, menopausal status, first-degree relatives’ history of breast cancer and season of
blood collection.
doi:10.1371/journal.pone.0049312.t002

Table 3. Stratification studies of the association between an
increment of 1 ng/ml blood 25(OH)D and breast cancer risk.

Stratification OR (95% CI)* P value

Age

,50 0.84 (0.79–0.90) ,0.001

$50 0.85 (0.82–0.89) ,0.001

Menopausal status

pre2/peri-menopausal 0.83 (0.77–0.89) ,0.001

post-menopausal 0.85 (0.82–0.89) ,0.001

Age at menarche

,16 0.84 (0.80–0.87) ,0.001

$16 0.85 (0.80–0.90) ,0.001

Age at first birth

,26 0.86 (0.81–0.90) ,0.001

$26 0.83 (0.79–0.87) ,0.001

Season of the blood collect

Spring 0.79 (0.74–0.85) ,0.001

Summer 0.79 (0.74–0.84) ,0.001

Autumn 0.90 (0.81–1.00) 0.036

Winter 1.06 (0.97–1.17) 0.182

*Adjusted by age, age at menarche, menopausal status, age at first birth,
season of the blood collect and the first-degree relatives’ history of breast
cancer (excluding the stratified factors in each stratum).
doi:10.1371/journal.pone.0049312.t003
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could be due to that a majority of 25(OH)D were synthesized by

the skin under sun exposure. Significantly lower plasma 25(OH)D

level was found for the breast cancer patients compared to the

normal women population when the blood was collected in spring,

summer or autumn; however, no significant difference was found

for the mean plasma 25(OH)D level between the two groups when

the blood was collected in winter, which may also be due to the

relatively lower 25(OH)D level for the participants.

Experimental studies have revealed that 1a,25-(OH)2D could

inhibit cell proliferation, promote cell differentiation, inhibit the

tumor cell metastasis and angiogenesis, suggests an anticancer

activity for the vitamin D metabolite [13]. As the major storage

form for the vitamin D in the body, 25(OH)D are considered a

valuable marker for vitamin D status because it incorporates all

sources of vitamin D intake including those parts that are

synthesized by the skin. 25(OH)D is the substrate for the

synthesis of 1a,25-(OH)2D in the kidney nephrons and possibly

also in breast tissue. Many epidemiological studies have been

conducted to evaluate the association for the blood 25(OH)D

and/or 1a,25-(OH)2D level and the risk for breast cancer. Our

previous systematic review suggested that no significant associ-

ation between blood 1a,25-(OH)2D level and breast cancer risk

[23], which may be due to that 1a,25(OH)2D is under tight

regulation by 1a-hydroxylase which is under the control of the

parathyroid hormone (PTH) in response to serum calcium. For

blood 25(OH)D level, 7 population based case-control studies

and 3 hospital based case-control studies consistently reported an

inverse relationship between blood 25(OH)D level and breast

cancer risk; however, the blood sample for the breast cancer

patients was collected after the diagnosis. It not clear that

whether cancer diagnosis may have influenced circulating

25(OH)D through treatment or behavioral changes; however,

Figure 1. Working flow chart for selection of studies included in meta-analysis.
doi:10.1371/journal.pone.0049312.g001
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the blood samples for the patients were usually collected shortly

after the diagnosis and prior to any treatment. We cannot

exclude the possibility that the presenting of breast cancer cells

may influence the blood 25(OH)D level. From the systematic

literature search, we have identified 10 prospective nested case-

control studies have evaluated the pre-diagnostic blood 25(OH)D

level and breast cancer risk. Rejnmark et al. observed a 48%

(OR = 0.52, 95% CI = 0.32–0.85) reduced breast cancer risk for

those with a plasma 25(OH)D level over 84 nM compared to

those less than 60 nM for the Danish women; however,

significant reduced breast cancer was only found for the

premenopausal women (OR = 0.38, 95% CI = 0.15–0.97) but

not for the postmenopausal women (OR = 0.71, 95% CI = 0.38–

1.30) in the stratification study [31]. With a nested case-control

study within the French E3N cohort, Engel et al. found that

increasing 25(OH) vitamin D3 serum concentrations lead to a

reduced breast cancer risk (P-trend = 0.02) with the odds ratio

was 0.73 (95% CI = 0.55–0.96) for women in the highest tertile

compared to the lowest tertile [33]. In a nested case-control

analysis of 701 cases and 724 controls from the Nurses’ Health

Study cohort, Bertone-Johnson et al. found that women in the

highest quantile of 25(OH)D had a marginal 27% reduced breast

cancer risk compared with those of the lowest quantile

(OR = 0.73, 95% CI = 0.49–1.07; P-trend = 0.06) [27]. The rest

of the other nested case-control studies reported no significant

association between the blood 25(OH)D level and breast cancer

risk. Another retrospective study conducted by Veldhuis et al.

found that more breast cancer patients have a plasma 25(OH)D

level less than 50 nM compared to the women with normal bone

density indicates a protective effects against breast cancer risk for

Figure 2. Forest plot of the highest quantile versus lowest quantile blood 25(OH)D level and breast cancer risk.
doi:10.1371/journal.pone.0049312.g002
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vitamin D [37]. From the meta-analysis, we found that a higher

pre-diagnostic blood 25(OH)D level showed a weaker but

significant protective effect for the breast cancer risk compared

to the results from the hospital or population based case-control

studies. These data strongly suggested that high blood vitamin D

level may have protective effects against breast cancer.

Vitamin D deficiency is common for breast cancer patients and

it may be correlated with poorer prognosis. Breast cancer patients

with early-stage have higher vitamin D level than those of

advanced stage disease [49]. For the premenopausal breast cancer

patients, the 25(OH)D was significantly lower for those with high-

grade tumors, ER negative tumors and the 25(OH)D level was

lowest for those of triple negative tumors [41]. Goodwin et al.

firstly reported that early-stage breast patients with vitamin D

deficiency (,50 nmol/L) showed an increased risk of distant

recurrence (hazard ratio [HR] = 1.94, 95% CI = 1.16–3.25) and

death (HR = 1.73, 95% CI = 1.05–2.86) compared with those with

sufficient vitamin D levels (.72 nmol/L) [18]. Kim et al. found

that vitamin D deficiency (,20 ng/ml) was associated with poorer

outcomes for patients of luminal-type [50]. Vrieling et al. reported

that lower serum 25(OH)D concentrations was associated with

poorer overall survival and distant disease-free survival in

postmenopausal breast cancer patients [51]. However, there is

still a lack of evidence to support the use of vitamin D

supplementation as adjuvant therapy for cancer treatment will

benefit the patients. A pioneer study conducted by Crew et al.

found that even premenopausal breast cancer patients (.75%

with plasma 25(OH)D level less than 50 nmol/L) were supplied

with 400 IU vitamin D3 daily for 1 year, only a small fraction of

the patients (,15%) would achieved sufficiency vitamin D level

(.75 nmol/L) [52]. Another study conducted by Vashi et al.

found that when provided an oral 8000 IU/day of vitamin D3 for

8 weeks to those breast cancer patients with serum 25(OH)D level

less than 32 ng/ml, only 46.7% showed an increased blood

25(OH)D level over 32 ng/ml [53]. The low response rate to the

vitamin D supplementation for the breast cancer patients may be

due to the chemotherapy received by the patients that may

reduced the absorption of vitamin D or may be due to that the

baseline serum 25(OH)D level was relatively lower for the patients

and more vitamin D supplementation are warranted.

We acknowledged there are several limitations for the current

study. Firstly, the design of our population based case-control

study is more prone to a variety of biases such as selection bias and

recall bias, and the results could not excluded the possibility that

lower vitamin D level for the patients was affected by the

presenting of cancer cells. Although the data from the nested case-

control studies suggested an anticancer activity for the higher

blood 25(OH)D level, we also could not directly come to the

conclusion that high vitamin D supplementation would have

reduced the breast cancer risk. It should be confirmed by other

well designed observational studies such as cohort studies as well as

by randomized clinical trials. A reduced of overall cancer risk was

found when vitamin D (approximately 1,100 IU/d) and calcium

(1,400 mg/d) were simultaneously administered to postmenopaus-

al women in a clinical trial conducted by Lappe et al., although

only a few breast cancers occurred in either subgroup [54]. In

another random clinical trial, vitamin D supplementation (400 U/

d) was not associated with reduced breast cancer risk from the

Women’s Health Initiative study, which may be due to the

relatively low dose of vitamin D supported to the participants [28].

Thus, more randomized clinical trials with sufficient statistical

power are warranted to address the questions. Secondly, although

the meta-analysis has included a total of 11 nest case-control and

retrospective studies, 7 population based case-control studies and 3

hospital based case-control studies. A relatively smaller total

number of the participants were recruited. Significantly heteroge-

neity between the study design for the pooled estimates was found

(P,0.001). More observational studies are warranted to get a

more precise anticancer activity for the breast cancer risk. Thirdly,

vitamin D has been found to be associated with other factors such

as outdoor physical activity and fitness, which may be partially

attribute to the association between vitamin D and breast cancer

risk.

In conclusion, our study suggested that higher blood vitamin D

level was associated with a significantly reduced risk of breast

cancer. Considering the vitamin D deficiency is common in

populations, women will likely to be benefited by taking sufficient

vitamin D with the goal of reducing the breast cancer risk;

however, more studies should be conducted before we could

achieve the goals.

Author Contributions

Conceived and designed the experiments: PC ML JZ ZO HW. Performed

the experiments: PC ML XG YL. Analyzed the data: PC ML XL CL YW.

Contributed reagents/materials/analysis tools: YW FW DX CY JL XC

RC. Wrote the paper: PC ZO HW.

References

1. Holick MF, Frommer JE, McNeill SC, Richtand NM, Henley JW, et al. (1977)

Photometabolism of 7-dehydrocholesterol to previtamin D3 in skin. Biochem

Biophys Res Commun 76: 107–114.

2. Okano T, Yasumura M, Mizuno K, Kobayashi T (1978) In vivo and in vitro

conversion of 7-dehydrocholesterol into vitamin D3 in rat skin by ultraviolet

ray’s irradiation. J Nutr Sci Vitaminol (Tokyo) 24: 47–56.

3. Hollis BW (2005) Circulating 25-hydroxyvitamin D levels indicative of vitamin

D sufficiency: implications for establishing a new effective dietary intake

recommendation for vitamin D. J Nutr 135: 317–322.

4. Takeyama K, Kitanaka S, Sato T, Kobori M, Yanagisawa J, et al. (1997) 25-

Hydroxyvitamin D3 1alpha-hydroxylase and vitamin D synthesis. Science 277:

1827–1830.

5. Haussler MR, Whitfield GK, Haussler CA, Hsieh JC, Thompson PD, et al.

(1998) The nuclear vitamin D receptor: biological and molecular regulatory

properties revealed. J Bone Miner Res 13: 325–349.

6. Holick MF (1996) Vitamin D and bone health. J Nutr 126: 1159S–1164S.

7. Dawson-Hughes B (1998) Vitamin D and calcium: recommended intake for

bone health. Osteoporos Int 8 Suppl 2: S30–34.

8. Martini LA, Wood RJ (2006) Vitamin D status and the metabolic syndrome.

Nutr Rev 64: 479–486.

9. Boucher BJ (2011) Vitamin D insufficiency and diabetes risks. Curr Drug

Targets 12: 61–87.

10. Brewer LC, Michos ED, Reis JP (2011) Vitamin D in atherosclerosis, vascular

disease, and endothelial function. Curr Drug Targets 12: 54–60.

11. Howland RH (2011) Vitamin D and depression. J Psychosoc Nurs Ment Health
Serv 49: 15–18.

12. Hewison M (2011) An update on vitamin D and human immunity. Clin
Endocrinol (Oxf).

13. Deeb KK, Trump DL, Johnson CS (2007) Vitamin D signalling pathways in

cancer: potential for anticancer therapeutics. Nat Rev Cancer 7: 684–700.

14. Ma Y, Zhang P, Wang F, Yang J, Liu Z, et al. (2011) Association between

vitamin D and risk of colorectal cancer: a systematic review of prospective
studies. J Clin Oncol 29: 3775–3782.

15. Donkena KV, Young CY (2011) Vitamin d, sunlight and prostate cancer risk.
Adv Prev Med 2011: 281863.

16. Ramnath N, Kim S, Christensen PJ (2011) Vitamin D and lung cancer. Expert

Rev Respir Med 5: 305–309.

17. Zhou W, Heist RS, Liu G, Asomaning K, Neuberg DS, et al. (2007) Circulating

25-hydroxyvitamin D levels predict survival in early-stage non-small-cell lung
cancer patients. J Clin Oncol 25: 479–485.

18. Goodwin PJ, Ennis M, Pritchard KI, Koo J, Hood N (2009) Prognostic effects of
25-hydroxyvitamin D levels in early breast cancer. J Clin Oncol 27: 3757–3763.

19. Ng K, Meyerhardt JA, Wu K, Feskanich D, Hollis BW, et al. (2008) Circulating

25-hydroxyvitamin d levels and survival in patients with colorectal cancer. J Clin
Oncol 26: 2984–2991.

Vitamin D and Breast Cancer Risk

PLOS ONE | www.plosone.org 9 January 2013 | Volume 8 | Issue 1 | e49312



20. Drake MT, Maurer MJ, Link BK, Habermann TM, Ansell SM, et al. (2010)

Vitamin D insufficiency and prognosis in non-Hodgkin’s lymphoma. J Clin
Oncol 28: 4191–4198.

21. Zinser GM, Suckow M, Welsh J (2005) Vitamin D receptor (VDR) ablation

alters carcinogen-induced tumorigenesis in mammary gland, epidermis and
lymphoid tissues. J Steroid Biochem Mol Biol 97: 153–164.

22. Zinser GM, Welsh J (2004) Vitamin D receptor status alters mammary gland
morphology and tumorigenesis in MMTV-neu mice. Carcinogenesis 25: 2361–

2372.

23. Chen P, Hu P, Xie D, Qin Y, Wang F, et al. (2010) Meta-analysis of vitamin D,
calcium and the prevention of breast cancer. Breast Cancer Res Treat 121: 469–

477.
24. Soules MR, Sherman S, Parrott E, Rebar R, Santoro N, et al. (2001) Executive

summary: Stages of Reproductive Aging Workshop (STRAW). Fertil Steril 76:
874–878.

25. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin

Trials 7: 177–188.
26. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis

detected by a simple, graphical test. BMJ 315: 629–634.
27. Bertone-Johnson ER, Chen WY, Holick MF, Hollis BW, Colditz GA, et al.

(2005) Plasma 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D and risk of

breast cancer. Cancer Epidemiol Biomarkers Prev 14: 1991–1997.
28. Chlebowski RT, Johnson KC, Kooperberg C, Pettinger M, Wactawski-Wende J,

et al. (2008) Calcium plus vitamin D supplementation and the risk of breast
cancer. J Natl Cancer Inst 100: 1581–1591.

29. Freedman DM, Chang SC, Falk RT, Purdue MP, Huang WY, et al. (2008)
Serum levels of vitamin D metabolites and breast cancer risk in the prostate,

lung, colorectal, and ovarian cancer screening trial. Cancer Epidemiol

Biomarkers Prev 17: 889–894.
30. McCullough ML, Stevens VL, Patel R, Jacobs EJ, Bain EB, et al. (2009) Serum

25-hydroxyvitamin D concentrations and postmenopausal breast cancer risk: a
nested case control study in the Cancer Prevention Study-II Nutrition Cohort.

Breast Cancer Res 11: R64.

31. Rejnmark L, Tietze A, Vestergaard P, Buhl L, Lehbrink M, et al. (2009)
Reduced prediagnostic 25-hydroxyvitamin D levels in women with breast

cancer: a nested case-control study. Cancer Epidemiol Biomarkers Prev 18:
2655–2660.

32. Almquist M, Bondeson AG, Bondeson L, Malm J, Manjer J (2010) Serum levels
of vitamin D, PTH and calcium and breast cancer risk-a prospective nested case-

control study. Int J Cancer 127: 2159–2168.

33. Engel P, Fagherazzi G, Boutten A, Dupre T, Mesrine S, et al. (2010) Serum
25(OH) vitamin D and risk of breast cancer: a nested case-control study from the

French E3N cohort. Cancer Epidemiol Biomarkers Prev 19: 2341–2350.
34. Eliassen AH, Spiegelman D, Hollis BW, Horst RL, Willett WC, et al. (2011)

Plasma 25-hydroxyvitamin D and risk of breast cancer in the Nurses’ Health

Study II. Breast Cancer Res 13: R50.
35. Amir E, Cecchini RS, Ganz PA, Costantino JP, Beddows S, et al. (2012) 25-

Hydroxy vitamin-D, obesity, and associated variables as predictors of breast
cancer risk and tamoxifen benefit in NSABP-P1. Breast Cancer Res Treat 133:

1077–1088.
36. Neuhouser ML, Manson JE, Millen A, Pettinger M, Margolis K, et al. (2012)

The influence of health and lifestyle characteristics on the relation of serum 25-

hydroxyvitamin D with risk of colorectal and breast cancer in postmenopausal
women. Am J Epidemiol 175: 673–684.

37. Veldhuis S, Wolbers F, Brouckaert O, Vermes I, Franke HR (2011) Cancer
prevalence in osteoporotic women with low serum vitamin D levels. Menopause

18: 319–322.

38. Abbas S, Linseisen J, Slanger T, Kropp S, Mutschelknauss EJ, et al. (2008)

Serum 25-hydroxyvitamin D and risk of post-menopausal breast cancer–results

of a large case-control study. Carcinogenesis 29: 93–99.

39. Abbas S, Chang-Claude J, Linseisen J (2009) Plasma 25-hydroxyvitamin D and

premenopausal breast cancer risk in a German case-control study. Int J Cancer

124: 250–255.

40. Crew KD, Gammon MD, Steck SE, Hershman DL, Cremers S, et al. (2009)

Association between plasma 25-hydroxyvitamin D and breast cancer risk.

Cancer Prev Res (Phila) 2: 598–604.

41. Yao S, Sucheston LE, Millen AE, Johnson CS, Trump DL, et al. (2011)

Pretreatment serum concentrations of 25-hydroxyvitamin D and breast cancer

prognostic characteristics: a case-control and a case-series study. PLoS One 6:

e17251.

42. Fedirko V, Torres-Mejia G, Ortega-Olvera C, Biessy C, Angeles-Llerenas A, et

al. (2012) Serum 25-hydroxyvitamin D and risk of breast cancer: results of a

large population-based case-control study in Mexican women. Cancer Causes

Control 23: 1149–1162.

43. Peppone LJ, Rickles AS, Janelsins MC, Insalaco MR, Skinner KA (2012) The

Association Between Breast Cancer Prognostic Indicators and Serum 25-OH

Vitamin D Levels. Ann Surg Oncol 19: 2590–2599.

44. Lowe LC, Guy M, Mansi JL, Peckitt C, Bliss J, et al. (2005) Plasma 25-hydroxy

vitamin D concentrations, vitamin D receptor genotype and breast cancer risk in

a UK Caucasian population. Eur J Cancer 41: 1164–1169.

45. Pazdiora P, Svobodova S, Fuchsova R, Kucera R, Prazakova M, et al. (2011)

Vitamin D in colorectal, breast, prostate and lung cancer: a pilot study.

Anticancer Res 31: 3619–3621.

46. Imtiaz S, Siddiqui N, Raza SA, Loya A, Muhammad A (2012) Vitamin D

deficiency in newly diagnosed breast cancer patients. Indian J Endocrinol Metab

16: 409–413.

47. Woo J, Lam CW, Leung J, Lau WY, Lau E, et al. (2008) Very high rates of

vitamin D insufficiency in women of child-bearing age living in Beijing and

Hong Kong. Br J Nutr 99: 1330–1334.

48. Lu L, Yu Z, Pan A, Hu FB, Franco OH, et al. (2009) Plasma 25-hydroxyvitamin

D concentration and metabolic syndrome among middle-aged and elderly

Chinese individuals. Diabetes Care 32: 1278–1283.

49. Palmieri C, MacGregor T, Girgis S, Vigushin D (2006) Serum 25-

hydroxyvitamin D levels in early and advanced breast cancer. J Clin Pathol

59: 1334–1336.

50. Kim HJ, Lee YM, Ko BS, Lee JW, Yu JH, et al. (2011) Vitamin D deficiency is

correlated with poor outcomes in patients with luminal-type breast cancer. Ann

Surg Oncol 18: 1830–1836.

51. Vrieling A, Hein R, Abbas S, Schneeweiss A, Flesch-Janys D, et al. (2011) Serum

25-hydroxyvitamin D and postmenopausal breast cancer survival: a prospective

patient cohort study. Breast Cancer Res 13: R74.

52. Crew KD, Shane E, Cremers S, McMahon DJ, Irani D, et al. (2009) High

prevalence of vitamin D deficiency despite supplementation in premenopausal

women with breast cancer undergoing adjuvant chemotherapy. J Clin Oncol 27:

2151–2156.

53. Vashi PG, Trukova K, Lammersfeld CA, Braun DP, Gupta D (2010) Impact of

oral vitamin D supplementation on serum 25-hydroxyvitamin D levels in

oncology. Nutr J 9: 60.

54. Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, Heaney RP (2007)

Vitamin D and calcium supplementation reduces cancer risk: results of a

randomized trial. Am J Clin Nutr 85: 1586–1591.

Vitamin D and Breast Cancer Risk

PLOS ONE | www.plosone.org 10 January 2013 | Volume 8 | Issue 1 | e49312


