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Abstract Vitamin D has important biological functions in-
cluding modulation of the immune system and anti-cancer
effects. There was no conclusive finding of the impact of
serum vitamin D level on bladder cancer risk. A systemic
review and meta-analysis was performed to assess the impact
of serum 25-hydroxyvitamin D level on bladder cancer risk.
The pooled relative risk (RR) with 95 % confidence interval
(95%CI) was used to assess the impact of serum 25-
hydroxyvitamin D level on bladder cancer risk. A total of
89,610 participants and 2238 bladder cancer cases were final-
ly included into the meta-analysis. There was no obvious
heterogeneity among those included studies (I2=0 %). Meta-
analysis total included studies which showed that a high
serum 25-hydroxyvitamin D level could obviously decrease
risk of bladder cancer (RR=0.75, 95%CI 0.65–0.87,
P<0.001). In addition, the pooled RRs were not significantly
changed by excluding any single study. The findings from the
meta-analysis suggest an obvious protective effect of vitamin
D against bladder cancer. Individuals with higher serum 25-
hydroxyvitamin D levels suffer from less risk of subsequent
bladder cancer.
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Introduction

Bladder cancer is a common cancer in the world, which causes
about 170,000 deaths each year and results in health problems
[1]. Bladder cancer is the fourth most common cancer diag-
nosed among men and the ninth most common cancer among

women in the USA [2]. There are several risk factors identi-
fied for bladder cancer and several protective factors of blad-
der cancer. Cigarette smoking and occupational exposure to
certain chemical carcinogens are two common risk factors,
while physical activity is associated with decreased risk of
bladder cancer [3–5]. Vitamin D is a group of fat-soluble
secosteroids and has important roles in human bodies [6, 7].
Vitamin D is first known for its traditional role in bone
metabolism, but it has other important biological functions
including modulation of the immune system and anti-cancer
effects [8, 9]. Vitamin D can be hydroxylated to 25-
hydroxyvitamin D in the liver which is the circulating form
of vitamin D [10]. Vitamin D has been proven to have anti-
cancer effects, and a number of epidemiologic studies have
shown the suppressing effects of vitamin D on cancer risk [11,
12]. Some studies have provided strong evidence for the
protective effects of vitamin D against colorectal cancer and
breast cancer [13–15]. There were also several studies pub-
lished to assess the impact of serum vitamin D level on
bladder cancer risk [16–20]. However, there was no conclu-
sive finding on the impact of serum vitamin D level on bladder
cancer risk. Thus, there was no evidence for the association
between serum 25-hydroxyvitamin D levels and risk of blad-
der cancer. A systemic review and meta-analysis was per-
formed to assess the impact of serum 25-hydroxyvitamin D
level on bladder cancer risk.

Methods

Literature search and inclusion criteria

We performed a literature search in PubMed, EMBASE, and
Web of Science databases. Google was also searched to find
other unpublished studies on the impact of serum vitamin D
level on bladder cancer risk. Annual meeting abstracts of
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American Society of Clinical Oncology (ASCO) in 2013 and
2014 were also searched to find additional studies. There was
no language limitation in our study, and the last search was
updated on August 20, 2014. The following keywords were
used in the meta-analysis: 25-hydroxyvitamin D, vitamin D,
or 25(OH)D and bladder cancer or bladder carcinoma. The
references of relevant reviews on the association between
serum 25-hydroxyvitamin D levels and bladder cancer risk
were also checked for other eligible studies not indexed in
common databases above. The studies identified from litera-
ture search were first assessed for eligibility by reading titles
and abstracts. Preliminarily included studies were further
assessed by reading full-text articles (Fig. 1).

The inclusion criteria in the meta-analysis were the follow-
ing: (1) cohort studies, nested case–control studies, or case–
control studies; (2) assessing the association between serum
25-hydroxyvitamin D levels and bladder cancer risk; (3) the
outcome was the development of bladder cancer or bladder
cancer-related mortality; and (4) reporting relative risks (RRs)
or hazard ratios (HR) with 95 % confidence intervals
(95%CIs) for bladder cancer. Reviews or studies without
usable data were all excluded. For multiple reports from the
same study, only the article with the largest dataset was
included into the meta-analysis.

Data extraction

The data extraction was performed by two authors indepen-
dently, and disagreement was resolved by discussion and
consensus. The following data were extracted from each in-
cluded study: first author, publication year, study design,
country, number of participants, duration of follow-up, num-
ber of bladder cancer cases, and adjusted RRs with 95%CIs of

bladder cancer according to serum 25-hydroxyvitamin D
levels.

Statistical analysis

The cutoff values for the high category or low category of
serum 25-hydroxyvitamin D levels were different obviously
[16, 18–20]. To maintain uniformity, the RRs with 95 %CIs
comparing the highest category with the lowest category of
serum 25-hydroxyvitamin D levels were used in the meta-
analysis. Heterogeneity was assessed by the I2 statistic, and I2

more than 50 % indicated that obvious between-study hetero-
geneity existed in the meta-analysis [21]. When there was
obvious between-study heterogeneity existing in the meta-
analysis, the RRs with 95 %CIs were pooled using a random
effect model [22]. When there was no obvious between-study
heterogeneity existing in the meta-analysis, the RRs with
95 %CIs were pooled using a fixed effect model [23].
Subgroup analysis was performed by gender (men, women,
or mixed). In the sensitivity analysis, the pooled RRs were
calculated and compared by excluding any single study. Risk
of publication bias was assessed by visual inspection of funnel
plot. In addition, Egger’s regression test was also used to
assess risk of publication bias at the P<0.05 level of signifi-
cance [24]. Trim and fill method was further used to assess
risk of publication bias [25]. Statistical analyses were per-
formed using Stata 12.0 (StataCorp, College Station, Texas,
USA). Statistical significance of the pooled RRs was taken as
two-sided P<0.05.

Results

Study characteristics

The literature search yielded 32 abstracts, and one study was
identified from relevant reviews. After reading the titles and
abstracts, 25 studies were removed and 7 potentially relevant
studies were preliminarily included [4, 16–20, 26]. After full-
text assessment, two articles were further excluded [4, 26].
Thus, five studies were finally included into the meta-analysis
[16–20]. There were two cohort studies [16, 18], two nested
case–control studies [19, 20], and one case–control study [17].
Those five studies included a total of 89,610 participants and
2238 cases of bladder cancer. Table 1 showed the details on
the study design, study populations, time of follow-up, and
covariates adjusted for risk estimates of those five studies. All
studies were performed in developed countries. There were
two studies from the USA and three studies from European
countries. There were two studies in men participants and
three studies in mixed participants, but there were no relevant
studies in women participants (Table 1). All studies providedFig. 1 Flow diagram showing study selection in the meta-analysis
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the adjusted RRs, though the adjusted confounders were dif-
ferent (Table 1).

25-Hydroxyvitamin D levels and bladder cancer

There was no obvious heterogeneity among those included
studies (I2=0 %). Meta-analysis total included studies showed
that a high serum 25-hydroxyvitamin D level could obviously
decrease risk of bladder cancer (RR=0.75, 95%CI 0.65–0.87,
P<0.001; Fig. 2). In addition, the pooled RRs were not
significantly changed by excluding any single study (figure
not shown).

Meta-analysis of those three studies in mixed partic-
ipants found that a high serum 25-hydroxyvitamin D
level was significantly associated with decreased risk
of bladder cancer (RR=0.73, 95%CI 0.59–0.91, P=
0.005, I2=24.8 %). Meta-analysis of two studies in
men showed that a high serum 25-hydroxyvitamin D
level tended to be associated with decreased risk of
bladder cancer (RR=0.77, 95%CI 0.53–1.10, P=0.151,
I2=17.1 %). Subgroup analysis in women was not per-
formed owing to the lack of relevant studies.

There was no evidence of asymmetry in the funnel plot
(Fig. 3). In addition, the P value from Egger’s linear regres-
sion test was 0.57, which further provided evidence for the
low risk of publication bias in the meta-analysis. Trim and fill
method was further used to assess risk of publication bias, but
nomissing data were added (Fig. 4). Thus, there was no risk of
publication bias in the meta-analysis.

Discussion

Previous studies suggest that vitamin D can protect against
several cancers, but there is no evidence for the association
between serum 25-hydroxyvitamin D levels and risk of blad-
der cancer. Though several studies were published to assess
the association between serum 25-hydroxyvitamin D levels
and risk of bladder cancer, most of them failed to identify a
strong relationship between serum 25-hydroxyvitamin D
levels and bladder cancer. To comprehensively assess the
effect of serum 25-hydroxyvitamin D level in the develop-
ment of bladder cancer, a meta-analysis of studies was per-
formed. It was the first meta-analysis of the association be-
tween serum 25-hydroxyvitamin D levels and bladder cancer
risk. Five studies with a total of 89,610 participants were
finally included into the meta-analysis [16–20]. The findings
suggest that a high serum 25-hydroxyvitamin D level is asso-
ciated with decreased risk of bladder cancer, while a low level
of serum 25-hydroxyvitamin D is a risk factor of bladder
cancer (Fig. 2). The findings from the meta-analysis provide
new evidence for the anti-cancer effect of vitamin D.

Among all those five included studies, four studies were
prospective studies, which had high quality and could provide
a correct estimation on the association between serum 25-
hydroxyvitamin D levels and bladder cancer risk. In addition,
there was no heterogeneity existing in the meta-analysis,
which suggested a consistent estimation of bladder cancer risk
by different serum 25-hydroxyvitamin D levels in the includ-
ed studies. Thus, the lack of heterogeneity showed the

Table 1 Characteristics of five included studies in the meta-analysis

Study Study design Country Participants Time of follow-up
(years)

Cases of bladder
cancer

Adjusted factors

Giovannucci [16] Prospective cohort USA 47,800 14 382 Age, height, smoking history,
and intakes of total calories,
alcohol, red meat, calcium,
retinol, and total fruits and
vegetables

Mondul [20, 26] Nested case–control Finland 29,133 12 250 Age and date of baseline blood
draw and adjusted for number
of cigarettes per day and years
of smoking

Mondul [19] Nested case–control USA 733 13 369 Matching factors, smoking
status, pack-years of smoking,
dairy consumption, use of
aspirin or ibuprofen, and
mutually and blood pressure

Amaral [17] Case–control Spain 2153 NA 1125 Age, sex, region, smoking status,
and season of blood collection

Afzal [18] Prospective cohort Denmark 9791 28 112 Age, sex, pack-years, body mass
index, alcohol consumption,
leisure time and work-related
physical activity, and duration
of education
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creditability of the pooled results. In addition, the pooled RRs
were not significantly altered in the sensitivity analysis, which
further indicated the robustness of the pooled estimates in the
meta-analysis.

Animal and in vitro studies have shown that vitamin D can
suppress tumor progression by reducing cell proliferation and
invasiveness and stimulating apoptosis [27, 28]. One labora-
tory study showed that chemoprevention with vitamin D
effectively reduced the tumor promoting effect of tobacco
carcinogens in the mouse bladder [27]. Recent studies suggest
that high levels of serum 25-hydroxyvitamin D have

suppressing effects on the development of colorectal cancer
and breast cancer [13, 15, 29]. The findings from this present
meta-analysis suggest that high serum 25-hydroxyvitamin D
levels were significantly associated with decreased risk of
b l adde r cance r compared wi th low se rum 25-
hydroxyvitamin D levels. The findings from the meta-
analysis are consistent with previous animal and in vitro ex-
perimental studies suggesting that greater exposure to vitamin
D could have a role in protecting against bladder cancer.
However, there are no trials proving that the dietary supple-
ment of vitamin D can decrease the risk of bladder cancer in

Begg's funnel plot with pseudo 95% confidence limits
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Fig. 3 Funnel plot showed no
evidence of asymmetry in the
meta-analysis
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Fig. 2 High serum 25-hydroxyvitamin D level could obviously decrease risk of bladder cancer
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individuals with vitamin D deficiency. Further trials are need-
ed to test whether dietary supplement of vitamin D can de-
crease risk of bladder cancer in individuals with vitamin D
deficiency [30, 31].

Similar to other meta-analyses, our meta-analysis also had
several limitations. Firstly, there were only five eligible studies
in the meta-analysis, and there was no relevant study focusing
on the effect of serum 25-hydroxyvitamin D levels on bladder
cancer risk in women. Future studies with a well-design
sample and large sample size are needed to further identify
the protective effect of serum 25-hydroxyvitamin D levels
against bladder cancer risk, especially the possible effect in
women. Secondly, all included studies in the meta-analysis
were from whites’ populations; the conclusion may not be
generalized to other ethnic groups. Further prospective studies
are needed to identify the possible protective effect of serum
25-hydroxyvitamin D against bladder cancer risk in Asian or
African populations. Finally, there were only five studies in
the meta-analysis.More studies with a well-design sample and
large sample size are needed to further identify the protective
effect of serum 25-hydroxyvitamin D against bladder cancer.

In conclusion, the findings from the meta-analysis suggest
an obvious protective effect of vitamin D against bladder
cancer. Individuals with higher serum 25-hydroxyvitamin D
levels suffer from less risk of subsequent bladder cancer. In
addition, more studies with a well-design sample and large
sample size are needed to further identify the protective effect
of 25-hydroxyvitamin D against bladder cancer.
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