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Abstract There were some case—control studies, nested
case—control studies, and cohort studies with controversial
results on the association between serum 25-hydroxyvitamin
D [25(OH)D] and breast cancer risk. Case—control studies
are prone to selection bias, which limit the strength and
quality of the evidence. To overcome the shortcoming of
the case—control studies, the meta-analysis of prospective
studies including nested case—control studies and cohort
studies was conducted. PubMed, Embase, and Web of
Science databases were searched, and the last retrieval date
was March 24, 2013. For the highest versus the lowest level
of serum 25(OH)D, the relative risks (RRs) and its 95 %
confidence intervals (CIs) from each study were used to
estimate summary RR and its 95 % CI. Subgroup analyses
by geographic region, menopausal status, and adjusted status
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of RR were also performed, respectively. A dose—response
association between serum 25(OH)D concentration and breast
cancer risk was assessed. Fourteen articles with 9,110 breast
cancer cases and 16,244 controls were included in the meta-
analysis. Overall, serum 25(OH)D levels were inversely signif-
icantly associated with breast cancer risk (RR=0.845, 95 %
CI=0.750-0.951). Inversely statistically significant associations
were observed in North American studies, postmenopausal
women, and studies with adjusted and unadjusted RR, respec-
tively. No statistically significant associations were observed in
European studies and premenopausal women, respectively.
Dose—response analysis showed that every 10 ng/mL increment
in serum 25(OH)D concentration was associated with a signif-
icant 3.2 % reduction in breast cancer risk. This meta-analysis
provides evidence of a significantly inverse association between
serum 25(OH)D concentration and breast cancer risk.

Keywords Vitamin D - 25-Hydroxyvitamin D - Breast
cancer risk - Meta-analysis

Abbreviations

25(OH)D 25-Hydroxyvitamin D
1,25(OH),D 1,25-Dihydroxyvitamin D
la(OH)D; 1-o-Hydroxycholecalciferol
RR Relative risk

CI Confidence interval

SE Standard error

VDR Vitamin D receptor

Introduction
Vitamin D in humans is mainly derived from both sun

exposure and diet. 25-hydroxyvitamin D [25(OH)D] is the
main blood circulation form of vitamin D. At physiological
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concentrations, 25(OH)D does not seem to have a function
of'its own, but it is the precursor of the active hormone, 1,25-
dihydroxyvitamin D [1,25(OH),D] [1]. 1,25(OH),D induces
growth arrest, triggers cell death, and promotes differentia-
tion of cancer cells including breast cancer cells [2]. There-
fore, vitamin D may play a protective role in breast cancer
risk through the above potential mechanism. 1,25(OH),D is
the most active vitamin D metabolite, although its concen-
tration in serum is one thousandth that of 25(OH)D [3], and
its assay should never be used for detecting vitamin D
deficiency because levels will be normal or even elevated
as a result of secondary hyperparathyroidism [4]. Thus,
monitoring vitamin D status by serum 25(OH)D analysis is
the most accurate way to determine the appropriate level and
the route of supplementation [2]. Therefore, serum 25(OH)D
rather than vitamin D ingestion or serum 1,25(OH),D was
chosen as an index to clarify the association between vitamin
D and breast cancer risk in this meta-analysis.

There were some case—control studies, nested case—control
studies, and cohort studies with controversial results on the
association between serum 25(OH)D and breast cancer risk. Of
note, case—control studies are prone to selection bias because in
case—control studies, 25(OH)D is assessed after a cancer diag-
nosis and it is unclear how changes in health behaviors after a
cancer diagnosis influence 25(OH)D levels. The prospective
studies including nested case—control studies and cohort stud-
ies overcome the above shortcoming and allow for measure-
ment of exposures before the outcome occurs, an appropriate
time sequence for a cause—eftect relationship [5]. In addition, it
is still not clear whether geographic region, menopausal status,
and adjusted status of relative risk (RR) would affect the
association between serum 25(OH)D and breast cancer risk.
A dose-response association between serum 25(OH)D con-
centration and breast cancer risk was also assessed. Thus, the
meta-analysis of prospective studies was conducted.

Materials and methods
Search strategy

A literature search was performed up to March 24, 2013 in
PubMed, Embase, and Web of Science databases without
restrictions using the following search strategy: (“25-OH-D”
or “25(0OH)D” or “cholecalciferol” or “calcidiol” or “25-
hydroxyvitamin D” or “hydroxycholecalciferol*” or “25-
hydroxyvitamin Dj 1-alpha-hydroxylase” or “vitamin D”)
and (“breast” or “mammary glands” or “mamma”) and (“can-
cer” or “tumor” or “tumour” or “neoplasm” or “carcinoma’)
and (“serum” or “plasma’). Moreover, references cited in the
studies were reviewed to identify any additional articles that
were not indexed by the electronic databases.

@ Springer

Eligibility criteria

Studies were included in the meta-analysis if they met the
following criteria: (1) had a prospective nested case—control
or cohort study design; (2) the exposure was plasma or serum
25(OH)D; (3) the outcome was breast cancer risk; and (4)
RRs or odd ratios (ORs) with its 95 % confidence intervals
(CIs) (or data to calculate these) were reported. If included
population were duplicated in more than one study, only the
most complete and the largest study was included in the total
analysis. If the duplicated study with the smaller sample size
could meet one of the standards in the subgroup analyses but
the largest study did not give the data in the subgroup
analyses, it could also be included in the subgroup analyses.

Data extraction

The following information were extracted from included
articles: first author, year of publication, study design, coun-
try, geographic region, ethnicity, menopausal status, number
of cases and controls, adjustment factors of RR or OR, time
from 25(OH)D measurement to breast cancer development,
median (or the cut-points to calculate the median) of serum
25(OH)D concentration in each quantile, and RRs or ORs
with its 95 % CIs in each quantile of serum 25(OH)D levels.
As cancer is a relatively rare disease, the distinction between
the various estimates of relative risk (i.e., odds ratio, rate
ratio, risk ratio) was ignored and all measures were
interpreted as relative risk. To ensure the accuracy of
extracted information, two investigators extracted informa-
tion independently and differences were settled by reaching
an agreement among all investigators.

Statistical analysis

Statistical analysis was performed using the software pro-
gram STATA (version 12.0). Heterogeneity among studies
was determined using a x*-based Q statistic and /* statistic
[6]. For the highest versus the lowest quantile of serum
25(0OH)D levels, the RRs and its 95 % Cls from each study
were used to estimate summary RR and its 95 % confidence
interval (CI). When there was some evidence of heterogene-
ity in the analysis (Pg statistic<0.10 or P statistic >50 %),
summary RR was determined using a random-effects model
[7] in which the contribution of each study is weighted by the
inverse of the sum of the inter- and intra-study variance,
otherwise using fixed-effects model [8] in which the weight
of each study is estimated by the intra-study variance. Sen-
sitivity analysis was also conducted by omitting one study in
each turn and recalculating the combined RR for the
remaining studies. Subgroup analyses by geographic region,
menopausal status, and adjusted status of RR were also
performed, respectively. Publication bias was assessed by
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funnel plot and Egger’s regression test [9]. All the P values
were two sided.

A dose-response analysis was conducted based on data
for the median value of serum 25(OH)D concentration in
each quantile, number of cases and participants, and adjusted
logarithm of the RR with its SE [10]. Studies were not
eligible if the necessary data were not reported or could not
be estimated. Data of the median 25(OH)D concentration
were measured in nanograms per milliliter (ng/mL), where
1 ng/mL=2.5 nmol/L (nmol/L: nanomoles per liter) [11].

Results
Literature search and study characteristics

Through literature search and selection based on the inclusion
criteria, 14 articles [12-25] with a total of 9,110 breast cancer
cases and 16,244 controls were finally included in the meta-
analysis (Fig. 1). These 14 articles were all prospective studies
(13 nested case—control studies and 1 cohort study) published
from 2005 to 2013. The characteristics of the articles in the
meta-analysis are presented in Table 1. One article [20] re-
ported the data in 1990 and 2000, respectively. So, this article
was looked as two individual studies (no. 9 and no. 10) in the
meta-analysis. Thus, this meta-analysis included 15 individual
prospective studies. Among these articles, the article [25] (no.
15 study) was left out of the total analysis because it was a
subset of the larger study [12] (no. 1 study), but it contributed
to subgroup analysis of postmenopausal women.

High versus low quantile of 25(OH)D levels

The RRs for each study and combination of all studies for the
highest versus the lowest quantile of serum 25(OH)D levels
are shown in Fig. 2. Results from the studies on serum
25(OH)D levels in relation to breast cancer risk were incon-
sistent. Because there was a statistically significant hetero-
geneity among the studies (P=0.076, ’=37.7 %), the
random-effects model was used to pool the results. Overall,
serum 25(OH)D concentration was inversely significantly
associated with breast cancer risk (RR andom effects=0.845,
95 % CI=0.750-0.951; Table 2 and Fig. 2).

The sensitivity analyses omitting one study at a time and
calculating the combined RR for the remaining studies
showed that the combined risk estimate was not substantially
affected by any single study. Of note, the summary RRs were
all statistically significant and similar among each other, with
a narrow range from 0.818 (95 % CI=0.732-0.914), when
the study no. 8 [19] was excluded, to 0.857 (95 %
CI=0.755-0.973), when the study no. 7 [18] was excluded.

The results of subgroup analyses are presented in Table 2.
In subgroup analyses by geographic region, an inversely

1531 records identified through databases searching
Pubmed(321) Embase(716) Web of Science(494)

v

942 records after duplicates removed

ol 893 records excluded
after screening

\ 4

49 full-text articles assessed for eligibility

20 articles excluded after
screening full-text

A 4

A 4

29 full-text articles assessed further for eligibility

15 full-text articles excluded
for not prospective studies

\ 4

y

14 articles included in meta-analysis

Fig. 1 Flowchart of selection of the articles for inclusion in meta-
analysis

statistically significant association was observed in North
American studies (RRfyed effects=0.851, 95 % CI=0.765-
0.946), but not in European studies (RRangom effects=0-838,
95 % CI=0.605—-1.160). In subgroup analyses by menopausal
status, an inversely statistically significant association was
observed in postmenopausal women (RRfixed effects=0.846,
95 % CI=0.750-0.955), but not in premenopausal women
(RR andom effects=0-839, 95 % CI=0.523-1.346). In subgroup
analyses by adjusted status of RR, inversely statistically sig-
nificant associations were observed both in studies with ad-
justed RR (RRfixeqd effects=0-885, 95 % CI1=0.788-0.993) and
unadjusted RR (RR xeq effects=0-785, 95 % C1=0.677-0.911).

Dose-response meta-analysis

A significant dose-response association between serum
25(0OH)D concentration and risk of breast cancer incidence
using data from 11 studies [12—15, 17-19, 21-24] was iden-
tified. The risk of breast cancer incidence decreased, on
average, by 3.2 % for every 10 ng/mL increment of serum
25(OH)D concentration (RRfxed effects=0.968, 95 %
CI1=0.943-0.994, P for trend=0.016, Pheierogencity =0.130).

Publication bias

Funnel plot and Egger’s regression test were performed to
assess the publication bias of the literatures. All funnel plots

@ Springer
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Study %
ID RR (95% Cl) Weight
1
Bertone-Johnson ER (2005) +>—1 0.73 (0.49, 1.07) 6.27
Chlebowski RT (2008) —4—5—— 0.79 (0.59,1.06)  8.90
Freedman DM (2008) —:—4— 1.04 (0.75,1.45)  7.80
McCullough ML (2009) i +* 1.09 (0.70, 1.68)  5.34
Rejnmark L (2009) * E 0.52(0.32,0.85) 4.53
Almquist M (2010) —5—»— 1.01(0.73,1.40)  7.91
Engel P (2010) —+—é— 0.73 (0.55,0.96) 9.42
Eliassen AH (2011) ' — 1.20(0.88,1.63) 8.44
Eliassen AH (Year 1990) (2011) > E 0.62 (0.39,0.97) 5.04
Eliassen AH (Year 2000) (2011) > E 0.68 (0.43,1.07)  5.03
Amir E (2012) —'4—— 0.86(0.62,1.12) 8.84
Neuhouser ML (2012) —*—é— 0.79 (0.62, 1.00) 10.81
Mohr SB (2013) —o—é—— 0.74 (0.52,1.06)  7.12
Ordonez Mena JM (2013) E * 1.28 (0.79, 2.09) 4.55
Overall (I-squared = 37.7%, p = 0.076) <> 0.84(0.75,0.95)  100.00
|
NOTE: Weights are from random effects analysis E
.?12 1 3.I13

Fig. 2 Forest plot for the highest versus the lowest quantile of 25(OH)D levels. RR relative risk, CI confidence interval. The size of each square is

proportional to the study’s weight (inverse of variance)

did not reveal obvious evidence of asymmetry (e.g., Fig. 3),

and all the P ggger tests Were greater than 0.05 (Table 2). These

results did not suggest obvious publication biases in all

comparisons.

Discussion

Vitamin D and its metabolites reduce the incidence of many

types of cancer by inhibiting tumor angiogenesis, stimulating

Table 2 Subgroup analyses of the meta-analysis for the highest versus the lowest quantile of 25(OH)D levels

Comparison model Studies (no. of cases/controls) Relative risk M Heterogeneity Prggers test
RR [95 % CI] Prr P (%) Py
Total studies 14 (9,110/16,244) 0.845 [0.750, 0.951] 0.005 R 37.7 0.076 0.756
Subgroup analyses by geographic region
North America 10 (7,431/8,664) 0.851 [0.765, 0.946] 0.003 F 252 0.212 0.602
Europe 4 (1,679/7,580) 0.838 [0.605, 1.160] 0.287 R 65.8 0.032 0.927
Subgroup analyses by menopausal status
Premenopausal 5(1,370/1,955) 0.839 [0.523, 1.346] 0.466 R 69.4 0.011 0.490
Postmenopausal 8 (4,225/9,908) 0.846 [0.750, 0.955] 0.007 F 4.7 0.393 0.396
Subgroup analyses by adjusted status of RR
Adjusted 9 (6,256/8,122) 0.885[0.788, 0.993] 0.038 F 36.5 0.126 0.462
Unadjusted 5(2,854/8,122) 0.785[0.677, 0.911] 0.001 F 40.4 0.152 0.950

Prrs are reported in bold if less than 0.05

RR relative risk, CI confidence interval, M model of meta-analysis, R random-effects model, F fixed-effects model, Py the P value of the

heterogeneity test, Prgge,s res: P Value for Egger’s test

@ Springer
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mutual adherence of cells, and enhancing intercellular com-
munication through gap junctions, thereby strengthening the
inhibition of proliferation that results from tight physical
contact with adjacent cells within a tissue (contact inhibition)
[3]. 1,25(OH),D can inhibit mitosis of breast epithelial cells.
Pulsatile release of ionized calcium from intracellular stores,
including the endoplasmic reticulum, induces terminal differ-
entiation and apoptosis, and 1,25(OH),D enhances this release
[3]. Those above are the molecular biological mechanism
of vitamin D effects on breast cancer risk. In addition,
an animal experiment also showed that the rats treated
with la(OH)D; (a synthetic analog of vitamin D) at
0.5 pg/kg dose significantly inhibited tumor progression
when compared with the control group which treated
with steroid suspension medium alone (P=0.03) [26]. In
this meta-analysis, individuals in the highest compared with
the lowest quantile of serum 25(OH)D levels showed an
overall reduction in the risk of breast cancer by approximately
15.5 % (RRiandom effects=0.845, 95 % CI=0.750-0.951;
Table 2 and Fig. 2). In the dose—response association, the
incidence of breast cancer decreased by 3.2 % for every 10-
ng/mL increment in serum 25(OH)D concentration (RRfeq
effects=0.968, 95 % CI=0.943-0.994). Findings from this
meta-analysis indicate that serum 25(OH)D concentration is
inversely associated with breast cancer risk from an epidemi-
ological aspect. Therefore, molecular biological mechanism,
animal experiment, and epidemiological evidence all confirm
the protective effects of vitamin D on breast cancer risk.

In this meta-analysis of the total studies, only three epi-
demiological studies found significantly inverse associations
between levels of serum 25(OH)D and breast cancer risk (no.
5, no. 7, and no. 9), while 11 failed to detect significant
associations (nos. 1-4, no. 6, no. 8, and nos. 10—14) (Table 1
and Fig. 2). The time from 25(OH)D measurement to breast

cancer development in each of the studies was more than
3 months, except the study no. 5 which did not mention about
the time (Table 1). Serum 25(OH)D represents recent (within
the past 3 months) vitamin D exposure and may not be
reflective of lifetime exposure. The null findings of most of
the prospective studies of 25(OH)D-breast cancer association
may be due to longer interval between measurement of
25(OH)D and breast cancer diagnosis. Sensitivity analyses
omitting one study at a time and calculating the combined
RR for the remaining studies showed that the combined
significantly inverse association was not substantially affected
by any single study, including omitting the study (no. 5) which
did not mention about the time from 25(OH)D measurement
to breast cancer diagnosis. These results showed that our
findings were robust. Because the combined result was based
on a larger sample size and had a more sufficient power, the
conclusion of the combined significantly inverse association
is more reliable than a single study.

In subgroup analyses by geographic region, an inversely
statistically significant association was observed in North
American studies, but not in European studies. Interestingly,
ethnic distributions were consistent with geographic regions
in the original studies, which were mixed population (Cau-
casians in major) all in North America and Caucasians all in
Europe. The different results between the two geographic
regions indicate that besides a possible role of ethnic differ-
ences in genetic profiles, other factors such as people’s living
environment and dietary habits contribute as well.

In subgroup analyses by menopausal status, an inversely
statistically significant association was observed in postmen-
opausal women, but not in premenopausal women. These
results indicate that menopausal status, as an effect modifier,
may play an important role in the association between serum
25(OH)D concentration and breast cancer risk. The reason
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may be as follows: Almost all postmenopausal women are
aged people. The likelihood of vitamin D deficiency in-
creases with age, as the cutaneous production of vitamin D
decreases, and with estrogen deficiency, which seems to
reduce the activation of vitamin D and expression of the
VDR [12]. Consequently, postmenopausal women with low-
er serum 25(OH)D concentration may be at increased risk of
breast cancer. As to premenopausal women, with stronger
physical status, the effect of lower serum 25(OH)D may turn
not to be obvious on breast cancer risk.

In the subgroup analyses by geographic region and meno-
pausal status, no statistically significant associations between
25(OH)D and breast cancer risk were observed in the Euro-
pean studies and among premenopausal women, respectively.
However, the risk estimates are comparable to what was seen
in the North American studies and among postmenopausal
women, respectively. Besides the possible reasons for the
different results that we discussed above, perhaps, the lack
of statistical significance is due to smaller numbers and the
lack of sufficient power to detect a difference.

In the studies with adjusted RR, there were some adjust-
ments for age, season of serum collection, BMI, etc. which
are known to influence 25(OH)D levels (Table 1). These
studies with adjusted RR more accurately reflected the asso-
ciation between 25(OH)D and breast cancer risk than those
with unadjusted RR. However, in subgroup analyses by
adjusted status of RR, inversely statistically significant as-
sociations were observed both in studies with adjusted RR
and unadjusted RR. These similar results suggest that the
adjusted status of RR affect little on the association in this
meta-analysis.

Some limitations of this study should be considered. First,
there were variant adjusted factors of RR, which were dif-
ferent from each other (Table 1). Therefore, a more precise
analysis should be conducted if individual data are available,
which could permit the same adjusted factors. Second, only
European studies and North American studies were included
in this meta-analysis. More original studies are needed to
explore the associations in different geographic regions such
as Africa, Asia, and Latin America.

In spite of those limitations, this meta-analysis also had
some important advantages. First, the previous meta-analyses
[27-31] on the association all collected both retrospective and
prospective studies. In this meta-analysis, the original studies
all used a prospective study design, which greatly reduced the
likelihood of selection bias. Second, we performed subgroup
analyses by geographic region, menopausal status, and adjust-
ed status of RR, which all the previous meta-analyses [27-31]
were not performed. Third, we detected no publication biases
in all the comparisons, indicating that the pooled results may
be unbiased.

In conclusion, this meta-analysis suggests that serum
25(0OH)D concentration is inversely associated with breast

@ Springer

cancer risk. Inversely statistically significant associations are
presented in North American studies, postmenopausal wom-
en, and both of the adjusted status of RR, respectively. No
statistically significant associations are presented in European
studies and premenopausal women, respectively. More large
well-designed prospective studies in different geographic re-
gions are needed to further investigate the association.
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