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AbStrAct

Introduction. Previous studies on the association of vitamin D receptor 
(VDR) gene polymorphisms with cutaneous melanoma risk reported 
conflicting results. 
Objective. To obtain a more precise assessment of the associations, we 
performed a meta-analysis of previously published studies. 
Material and methods. We searched for eligible studies in the PubMed, 
Embase, and CNKI databases. A total of 40 case-control studies with 
1,144 cases and 2,925 controls were included. 
Results. The pooled analyses suggested a significant association be-
tween the FokI C>T and BsmI G>A polymorphisms of the VDR gene 
and susceptibility to melanoma. However, we found that the VDR TaqI 
T>C, EcoRV A>G, ApaI G>T, and Cdx2 G>A polymorphisms were not 
associated with melanoma risk. 
Conclusions. The meta-analysis suggests that VDR FokI C>T and BsmI 
G>A polymorphisms are significantly associated with melanoma risk, 
while TaqI T>C, EcoRV A>G, ApaI G>T, and Cdx2 G>A polymorphi-
sms are not associated with melanoma risk.

StreSZcZeNie

Wprowadzenie. Dotychczasowe badania analizujące związek między 
polimorfizmami genu kodującego receptor witaminy D (VDR) a ryzy-
kiem rozwoju czerniaka skóry przyniosły sprzeczne wyniki. 
Cel pracy. W celu uzyskania bardziej precyzyjnego obrazu tych zależ-
ności przeprowadzono metaanalizę opublikowanych do tej pory badań. 
Materiał i metody. Publikacje kwalifikujące się do metaanalizy wy-
szukano w bazach PubMed, Embase i CNKI. Zakwalifikowano łącznie  
40 badań kliniczno-kontrolnych obejmujących 1144 pacjentów i 2925 
osób w grupach kontrolnych.
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iNtroDuctioN

Melanoma is a malignant skin cancer originating 
from the unregulated growth of melanocytes, which 
is responsible for over 70% of skin cancer deaths [1, 
2]. Melanoma is a heterogeneous disease with differ-
ent genetic alterations, and the modifications within 
the tumors and metastases make it difficult to tar-
get [3, 4]. The most dangerous aspect of melanoma 
is its ability, in later stages, to metastasize to other 
parts of the body [5]. In 2011, an estimated 166 900 
new cases of melanoma will be diagnosed in devel-
oped countries [6].

In malignant melanoma, a number of mechanisms 
leading to neoplasia have been described [7]. Mela-
nomas that occur in humans are usually deregulated 
in the RAS pathway, either by mutations or upregu-
lation of surface receptors genes such as c-KIT and 
EGFR or by mutations in intracellular signaling genes 
such as NRAS, BRAF, and NF-1, which leads to el-
evated levels of activated ERK [8]. In addition to gene 
deletion and mutational alteration of protein activ-
ity, epigenetic alterations in DNA and histones have 
recently become a part of melanoma genetic aberra-
tions [9]. Evidence is rapidly accumulating that low 
to moderate risk genes such as FTO, XRCC1, MC1R, 
MITF, ASIP, MTAP, PAX3, IL-10, IL-1β, TNF-α, IRF4, 
and VDR may play a central role in the pathobiology 
of melanoma [10–12].

There is evidence that vitamin D receptor (VDR) gene 
polymorphic variants such as FokI (rs10735810), BsmI 
(rs1544410), ApaI (rs7975232) and TaqI (rs731236) may 
contribute to the risk of melanoma in certain populations 
[13–15]. For example, the study by Zeljic et al. suggested 
that VDR polymorphisms might affect the melanoma 
risk in a Serbian population [16]. Vitamin D modu-
lates immune cells’ activity through binding to the VDR, 
triggering innate and adaptive immune responses [17]. 

VDR is a ligand-dependent nuclear transcription factor, 
which plays an important role in maintaining calcium 
metabolism, and regulating cell proliferation and differ-
entiation [18]. The VDR gene is situated at chromosome 
12q13.11, which spans ~100 kb and has five promoters, 
eight coding exons, and six untranslated exons [15].

Although several epidemiological studies have 
assessed the association between the VDR gene poly-
morphisms and the risk of melanoma [11, 13, 15], the 
results are to some extent divergent and inconclu-
sive, which may be due to limitations in individual 
studies. To gain better insight into the impact of 
VDR gene polymorphisms on the risk of melanoma, 
a meta-analysis with subgroup analysis from all pub-
lished case-control studies was performed. Recently, 
increasing evidence has been accumulated to support 
the hypothesis that common genetic variations of the 
VDR gene may be of importance in determining an 
individual’s sensitivity to develop melanoma.

MAteriAL AND MetHoDS

Study identification and selection

This meta-analysis conformed to the Preferred Re-
porting Items for Systematic Reviews and Meta-analy-
ses (PRISMA) criteria. Two investigators independently 
searched the databases MEDLINE (PubMed), Google 
Scholar, Web of Science (Thomson-Reuters), Chinese 
National Knowledge Infrastructure (CNKI), the Chi-
nese Wanfang Database, and the Chinese VIP Data-
base for eligible articles examining the association of 
BsmI, TaqI, FokI, and ApaI polymorphisms of the VDR 
gene with risk of melanoma published up to March 10, 
2018. The following terms were used: (“melanoma” 
OR “cutaneous melanoma” OR “skin cancer”’) AND 
(“vitamin D receptor” OR “VDR’’ OR “calcitriol recep-
tor” OR “nuclear receptor subfamily 1” OR “NR1I1”) 

Wyniki. Przeprowadzona metaanaliza wykazała istotną zależność mię-
dzy polimorfizmami FokI C>T i BsmI G>A genu VDR a podatnością na 
czerniaka. Nie stwierdzono jednak związku między ryzykiem zacho-
rowania na czerniaka a polimorfizmami TaqI T>C, EcoRV A>G, ApaI 
G>T i Cdx2 G>A genu VDR. 
Wnioski. Metaanaliza wykazała istotną zależność między polimorfi-
zmami FokI C>T i BsmI G>A genu VDR a ryzykiem wystąpienia czer-
niaka oraz brak takiej zależności w przypadku polimorfizmów TaqI 
T>C, EcoRV A>G, ApaI G>T i Cdx2 G>A.
Key words: cutaneous melanoma, vitamin D receptor, polymorphism, 
meta-analysis.
Słowa kluczowe: czerniak skóry, receptor witaminy D, polimorfizm, 
metaanaliza.

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/calcitriol-receptor
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeljic K%5BAuthor%5D&cauthor=true&cauthor_uid=24638155
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/white-blood-cell
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AND (“BsmI” OR “rs1544410” OR “+ 63980 G > A”) 
AND (“TaqI” OR “rs731236” OR “+65058 T>C”) AND 
(“FokI” OR “rs2228570” OR “+30920 C>T”) AND 
(“ApaI” OR “rs7975232” OR “+64978 C>A”) AND 
(“polymorphism”, OR “mutation” OR “variant” OR 
“gene” OR “genotype” OR “SNP” OR “allele”). In 
addition, hand searching of the references of eligible 
studies, reviews and related meta-analyses, and the 
abstracts presented at relevant conferences was per-
formed to identify potentially relevant studies. If there 
were multiple reports of the same study or overlapping 
data, only the study with the largest sample sizes or the 
most recent one should be in the final analysis.

inclusion and exclusion criteria

Studies were selected according to the following 
inclusion criteria: (1) full-text published studies up to 
March 10, 2018; (2) a case-control design or cohort de-
sign; (3) the study goal was to evaluate the association 
of VDR FokI C>T, BsmI G>A, TaqI T>C, EcoRV A>G, 
ApaI G>T and Cdx2 G>A polymorphisms with risk of 
melanoma; (4) sufficient data for estimating an odds 
ratio (OR) with 95% confidence interval (CI). The exclu-
sion criteria were as follows: (1) studies with only case 
group (no control population), case reports, commen-
taries, and reviews; (2) studies without detailed geno-
type frequencies, which were unable to calculate OR. 

Data extraction

Information was carefully extracted from all the 
eligible studies independently by two investigators 
using a pre-designed form according to the selec-
tion criteria listed above. For each study the follow-
ing information was extracted: name of first author, 
publication year, country where the study was con-
ducted, racial descent (categorized as Asian, Cauca-
sian, or mixed descent), polymorphisms, genotypic 
testing method, number of cases and controls, gen-
otype frequency of cases and controls, minor allele 
frequencies (MAFs) in control subjects, and result of 
Hardy-Weinberg equilibrium test in control subjects. 
Disagreements were resolved in consultation with the 
third reviewer.

Statistical analysis

The strength of associations was assessed using 
ORs and 95% CIs. The significance of the pooled 
effect size was determined by Z-tests, and p < 0.05 
was considered statistically significant. The pooled 
ORs were calculated in five genetic models, includ-
ing: allele model (B vs. A), homozygote model (BB 
vs. AA), heterozygote model (AB vs. AA), dominant 
model (BB + AB vs. AA), and recessive model (BB vs. 
AA + AB); A represents the major allele and B rep-
resents the minor allele. All ORs for the five genetic 

models will be compared with each other, and the 
genetic model with the greatest OR and statistically 
significant result will be the inheritance model that 
is most likely to contribute to the risk of melanoma. 
Between-study heterogeneity was calculated through 
Cochran’s c2-based Q-statistic test. Moreover, the  
I2 statistic (ranging from 0 to 100%) was then used 
to quantitatively evaluate heterogeneity, with I2 = 
0–25% indicating no heterogeneity, I2 = 25–50% indi-
cating moderate heterogeneity, and I2 > 50% indicat-
ing large heterogeneity [19]. The p-value of < 0.05 for 
the Q-test indicated a lack of heterogeneity among 
studies, so that the pooled OR estimate of each study 
was calculated by the fixed-effects model (the Man-
tel–Haenszel method); otherwise the random effects 
model (the DerSimonian-Laird method) was used 
[20, 21]. Furthermore, to explore the source of be-
tween-study heterogeneity, subgroup analyses were 
performed. One-way sensitivity analyses were per-
formed to survey the stability of the results; namely, 
a single study in the meta-analysis was omitted each 
time to reflect the influence of the individual data set 
to the pooled OR. Publication bias was assessed by 
visually examining the asymmetry of a funnel plot 
in which the log estimates were plotted against their 
standard errors. Furthermore, we also employed an 
Egger regression test in our analysis to calculate two-
tailed p-values for quantifying publication bias [22, 
23]. A Hardy-Weinberg equilibrium (HWE) test of the 
VDR gene polymorphisms in healthy subjects was ex-
amined using the c2 test. If the p-value > 0.05, the gen-
otype distribution of the control group conformed to 
the HWE. All the statistical analyses were performed 
by comprehensive meta-analysis (CMA) version 2.0 
software (Biostat, USA). All p-values were two sided 
and values less than 0.05 were considered significant.

reSuLtS

eligible studies

By searching online databases and references and 
related articles, 348 records were retrieved, among 
which 62 irrelevant papers were excluded due to du-
plication. After screening the titles and abstracts of 
the 286 articles, 138 articles were excluded because of 
obvious irrelevance. After systematically reading the 
full texts, we excluded another 126 articles. Finally, 
40 eligible studies in twelve publications were includ-
ed in the current meta-analysis. The study selection 
process is presented in detail in figure 1. There were 
eleven studies for FokI C>T polymorphism (4,581 
cases and 4,226 controls) [16, 24–33], eight studies 
for TaqI T>C polymorphism (4,141 cases and 3,132 
controls) [4, 16, 24, 29–31, 33, 34], eight studies for 
EcoRV A>G polymorphism (3,608 cases and 2,560 
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controls) [16, 26, 30, 32, 33, 35, 36], seven studies for 
BsmI G>A polymorphism (3,550 cases and 3,444 con-
trols) [24, 25, 28–30, 37], three studies for ApaI G>T 
polymorphism (1,444 cases and 1,084 controls) [16, 
30], and three studies for Cdx2 G>A polymorphism 
(1,546 cases and 1,835 controls) [28, 30]. All of the in-
cluded studies were performed in Caucasian popu-
lations. The countries of these studies included the 
UK, Italy, the USA, Spain, Australia, and Serbia. Ge-
notyping methods used in the studies included PCR-
RFLP, real-time PCR, TaqMan, and sequencing. Other 
basic information, including the first author’s name, 
year of publication, ethnicity of the study population, 
number of cases and controls, source of controls, and 
genotyping methods are listed in table 1. All of the 
studies indicated that the distribution of genotypes 
in the controls was consistent with HWE, except one 
case-control study for ApaI G>T (table 1).

Meta-analysis results

The overall analyses suggested significant as-
sociations between the FokI C>T polymorphism 
and melanoma susceptibility in allele (T vs. C: OR 
= 1.097, 95% CI: 1.028–1.170; p = 0.005, fig. 1 A) 
and heterozygote (TC vs. CC: OR = 1.159, 95% CI: 
1.054–1.275; p = 0.002) models, and clear evidence of 
associations was found between the BsmI G>A poly-
morphism and risk of melanoma in all genetic mod-
els (A vs. G: OR = 0.891, 95% CI: 0.829–0.958; p = 
0.002; AA vs. GG: OR = 0.834, 95% CI: 0.717–0.971;  
p = 0.019; AG vs. GG: OR = 0.857, 95% CI: 0.768–0.956;  
p = 0.006; AA + AG vs. GG: OR = 0.570, 95% CI: 
0.349–0.931; p = 0.027 and AA vs. AG + GG: OR = 
0.713, 95% CI: 0.513–0.992; p = 0.045, fig. 1 B). How-
ever, no evidence of associations was detected be-
tween melanoma and three VDR polymorphisms 

 Study name/ Statistics for each study/ odds ratio and 95% ci/ relative weight/ 
 Nazwa badania Analiza statystyczna dla każdego badania iloraz szans i 95% ci Względna waga 

 odds ratio/ Lower limit/ upper limit/ Z-value/ P-value/
 iloraz szans Dolna granica górna granica Wartość Z	 Wartość p
Hutchinson 2000 1.443 1.039 2.004 2.191 0.028 3.87
Santonocito 2007 0.858 0.570 1.293 –0.730 0.465 2.49
Han 2007 1.143 0.923 1.416 1.226 0.220 9.12
Li 2008 1.103 0.957 1.271 1.353 0.176 20.75
Randerson-Moor 2009a 1.047 0.886 1.238 0.540 0.589 14.84
Randerson-Moor 2009b 1.370 1.120 1.677 3.061 0.002 10.25
Barroso 2008 0.906 0.699 1.174 –0.745 0.456 6.21
Gapska 2009 1.043 0.891 1.220 0.520 0.603 16.85
Pena-Chilet 2013 1.025 0.832 1.263 0.232 0.817 9.58
Zeljic 2014 1.169 0.809 1.690 0.833 0.405 3.07
Cauci 2017 1.076 0.739 1.566 0.383 0.702 2.96
 1.097 1.028 1.170 2.801 0.005 

 Study name/ Statistics for each study/ odds ratio and 95% ci/ relative weight/ 
 Nazwa badania Analiza statystyczna dla każdego badania iloraz szans i 95% ci Względna waga 

 odds ratio/ Lower limit/ upper limit/ Z-value/ P-value/
 iloraz szans Dolna granica górna granica Wartość Z	 Wartość p

Figure 1. Forest plot of VDR polymorphisms and melanoma. A – FokI C>T polymorphism under allele model (T vs. C), b – BsmI 
G>A polymorphism under recessive model (AA vs. AG + GG)
rycina 1. Wykres drzewkowy zależności między polimorfizmami genu VDR a czerniakiem. A – Polimorfizm FokI C>T w modelu alleli 
(T vs C), b – polimorfizm BsmI G>A w modelu recesywnym (AA vs AG + GG)

0.01 0.1 1 10 100

0.01 0.1 1 10 100

Hutchinson 2000 0.114 0.053 0.249 –5.475 < 0.001 9.24

Han 2007 0.872 0.566 1.345 –0.618 0.536 14.28

Li 2008 0.927 0.718 1.199 –0.576 0.565 17.00

Randerson-Moor 2009a 1.044 0.766 1.424 0.275 0.783 16.23

Randerson-Moor 2009b 0.784 0.533 1.153 –1.236 0.217 15.04

Gapska 2009 0.649 0.478 0.882 –2.767 0.006 16.29

Cauci 2017 0.957 0.535 1.711 –0.148 0.882 11.92

 0.713 0.513 0.992 –2.008 0.045 
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(TaqI T>C, EcoRV A>G, and ApaI G>T) and mela-
noma susceptibility.

The studies were further stratified on the basis of 
genotyping method. When stratifying by genotyping 
technique, significantly increased associations be-
tween FokI C>T polymorphism and melanoma risk 
were found in the PCR-RFLP group under the hetero-
zygote model (TC vs. CC: OR = 1.282, 95% CI: 1.079–
1.522, p = 0.005) and the dominant model (TT + TC vs. 
CC: OR = 1.217, 95% CI: 1.033–1.433, p = 0.019); and in 
the AS-PCR group under the heterozygote model (TC 
vs. CC: OR = 1.127, 95% CI: 1.010–1.258, p = 0.032), 
but not in the TaqMan group. Moreover, there was 
a significant association between BsmI G>A polymor-
phism and melanoma in the PCR-RFLP group only 
under the heterozygote model (CA vs. AA: OR = 
0.794, 95% CI: 0.654–0.964, p = 0.020). Meanwhile, no 
significantly increased risk of melanoma with other 
polymorphisms was found in the subgroup analyses 
by genotyping method (data not shown).

evaluation of heterogeneity and sensitivity 
analysis

The Q-test and I2 statistic were employed to assess 
heterogeneity among the selected studies. However, 
heterogeneity was not found in the VDR polymor-
phisms. Therefore, a fixed effects model was applied 
to synthesize the data (table 1). Sensitivity analyses 
were performed to evaluate the robustness of the as-
sociation results or the influence of each individual 
study on the pooled OR by sequential removal of 
individual studies. The results suggested that no in-
dividual study significantly affected the pooled OR, 
suggesting that the overall results of our meta-analy-
sis were stable and credible to some extent.

publication bias

Publication bias in the literature was qualitatively 
assessed by Begg’s funnel plot and quantitatively as-
sessed by Egger’s test. Neither Begg’s funnel plot nor 

Egger’s test detected obvious evidence of publication 
bias in the overall and subgroup analyses for FokI 
C>T, BsmI G>A, ApaI G>T, and Cdx2 G>A polymor-
phisms in all genetic models (table 2). However, the 
shapes of the funnel plots displayed some asymmetry 
for TaqI T>C under the heterozygote model (CT vs. 
TT) and for EcoRV A>G under the homozygote (GG 
vs. AA) and the heterozygote (GA vs. AA) models, 
suggesting the presence of publication bias. Thus, 
Egger’s test was used to provide statistical evidence 
of funnel plot symmetry. The statistical results still 
show evidence of publication bias in these studies for 
TaqI T>C under the heterozygote model (PBeggs = 
0.035, PEggers = 0.030) and for EcoRV A>G under the 
homozygote (PBeggs = 0.107, PEggers = 0.048) and 
the heterozygote (PBeggs = 0.035, PEggers = 0.031, 
fig. 2) models. To adjust for this bias, the trim-and-fill 
method developed by Duval and Tweedie was used 
to both identify and correct for funnel plot asymme-
try arising from publication bias. Statistically similar 
data were obtained after trimming, indicating that 
our results were statistically reliable.

Minor allele frequencies (MAFs)

The minor allele frequencies (MAFs) of the VDR 
polymorphisms in the healthy subjects are presented 
in table 1. The allele and genotype distributions of 
VDR gene polymorphisms exhibited ethnic varia-
tions. The FokI T, TaqI C, EcoRV G, BsmI A, ApaI T, 
and Cdx2 A frequencies were 37.05% (31.40–42.70%), 
37.40% (31.90–42.90%), 41.90% (35.10–48.70%), 42.90% 
(36.10–49.10%), 43.50% (40.50–46.50%), and 20.70% 
(19.90–21.50%), respectively.

DiScuSSioN

Several studies have examined associations be-
tween VDR polymorphisms and melanoma risk, but 
the results were controversial. Meta-analysis has been 
recognized as an important tool to more precisely de-

Log odds ratio/Log ilorazu szans

Figure 2. Funnel plot for publication bias in the meta-analysis of the VDR EcoRV A>G polymorphism and melanoma risk under hetero-
zygote model (GA vs. AA)
rycina 2. Wykres lejkowy dla stronniczości publikacji w metaanalizie polimorfizmu EcoRV A>G genu VDR i ryzyka rozwoju czerniaka  
w modelu heterozygot (GA vs AA)
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fine the effect of genetic polymorphism on the risk 
of diseases. The present meta-analysis was carried 
out by critically reviewing 40 relevant and new re-
cently published studies on VDR polymorphisms 
with melanoma risk. Therefore, it can provide more 
information.

Our meta-analysis showed that VDR FokI C>T 
and BsmI G>A polymorphism was associated with 
risk of melanoma. However, the analysis indicated 
that VDR TaqI T>C, EcoRV A>G, ApaI G>T, and 
Cdx2 G>A polymorphisms were not associated 
with risk of melanomas. In a meta-analysis, Iqbal  
et al. found that VDR BsmI, ApaI, and FokI polymor-
phisms may be risk factor for breast cancer [38]. The 
findings of Liu et al. suggest a significant association 
between TaqI and prostate cancer risk, but BsmI was 
not associated with prostate cancer [39]. Ou et al. re-
ported that the ApaI, BsmI, and FokI polymorphisms 
were associated with the risk of renal cell carcinoma 
in Asians [40]. However, Sheng et al. reported that 
TaqI polymorphisms were significantly associated 
with susceptibility to colorectal cancer [41]. It is clear 
that different types of cancer have distinct initiation 
and progression mechanisms, in which VDR gene 
polymorphisms play critical roles. According to the 
results, the exact mechanism for association between 
VDR polymorphisms and melanoma was not clear, 
and the carcinogenetic mechanism may also differ 
by VDR polymorphisms may exert varying effects in 
melanoma susceptibility. The discrepancy between 
previous results and the present findings may be 
attributed to the fact that the polymorphisms of the 
same gene may exert different genetic effects on dif-
ferent cancers. The inconsistent outcome for the ef-
fects of VDR polymorphisms on melanoma suscepti-
bility is partly caused by genetic diversity in different 
ethnicities. Moreover, reasons for the conflicting re-
sults where VDR polymorphisms play different roles 
in melanoma susceptibility may be genetic heteroge-
neity in different populations and clinical heteroge-
neity in different studies. Potentially, differences in 
patient populations including gender difference and 
lifestyle might cause different results.

Heterogeneity plays an important role when per-
forming a meta-analysis, and finding the source of 
heterogeneity is very important for the final result of 
the meta-analysis [42–46]. It is known that different 
factors, such as population stratification, source of 
controls, year of publication, sample size, diversity 
in design, genotyping methods, measurement errors, 
deviation from Hardy–Weinberg equilibrium, and 
other covariates, may contribute to common sources 
of heterogeneity [44, 47, 48]. In order to control het-
erogeneity between studies, we have applied inclu-
sion criteria, but obvious between-study heterogene-
ity still existed in the overall population. Unluckily, 

the heterogeneity was not eliminated effectively, indi-
cating that all the above factors should be taken into 
consideration.

Several potential limitations of the present meta-
analysis should be acknowledged. First, limited stud-
ies have assessed the association of VDR polymor-
phisms with risk of melanoma in Asians. Therefore, 
we would refrain from generalizing these findings 
across populations. Studies with a larger sample size 
from other ethnicities should be performed in the fu-
ture. In addition, few studies have been performed on 
TaqI T>C and EcoRV A>G polymorphisms with the 
risk of melanoma. Second, the sample size of the VDR 
ApaI G>T and Cdx2 G>A polymorphisms involved 
was not large enough. Therefore, they do not have 
adequate power to detect the possible association for 
these polymorphisms. Third, the current meta-anal-
ysis only included studies published in English or 
Chinese, and therefore some eligible studies written 
in other languages were not included. Thus, selection 
bias might have occurred at the beginning. Fourth, all 
the studies were conducted in Caucasians; therefore, 
the findings of the meta-analysis at present should 
be limited to Caucasians. Moreover, publication bias 
existed in the meta-analysis for TaqI T>C (the hetero-
zygote model) and EcoRV A>G (the homozygote and 
heterozygote models) polymorphisms. For example, 
studies may not have been published if they report-
ed a significant association between VDR polymor-
phism and risk of melanoma. The publication bias 
could cause the negative results. Fifth, our results 
were based on unadjusted estimates, while a more 
precise analysis should be conducted if individual 
data were available, which would allow for adjust-
ment by other co-variants, including environmental 
factors and other lifestyle. Thus, more individual data 
required to draw a more precise conclusion. Finally, 
gene-gene, gene-environment or even the different 
polymorphism loci of the VDR gene interactions were 
not estimated in the current meta-analysis due to the 
insufficient data.

Despite these limitations, the current meta-anal-
ysis also had some advantages. First, we performed 
the most comprehensive and up-to-date meta-anal-
ysis with more VDR polymorphisms and articles 
than before, to better understand the association of 
VDR polymorphisms and melanoma susceptibil-
ity. Second, although possible publication bias was 
suggested between TaqI T>C and EcoRV A>G poly-
morphisms and risk of melanoma, adjusting for pos-
sible publication bias using the Duval and Tweedie 
nonparametric ”trim and fill” method showed that 
the results did not change, indicating that the whole 
pooled results should be unbiased.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Iqbal MUN%5BAuthor%5D&cauthor=true&cauthor_uid=29072133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu S%5BAuthor%5D&cauthor=true&cauthor_uid=28222630
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ou C%5BAuthor%5D&cauthor=true&cauthor_uid=24840096
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above, further studies with a larger sample size and 
population-based studies, especially among Asians, 
are warranted to further confirm our findings and to 
explore the potential gene-gene and gene-environ-
ment interactions between the VDR gene polymor-
phisms and melanoma susceptibility.
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coNcLuSioNS

The present study suggests a significant risk of 
melanoma associated with VDR FokI C>T and BsmI 
G>A polymorphisms, but not with TaqI T>C, EcoRV 
A>G, ApaI G>T, Cdx2 G>A polymorphisms. Accord-
ing to current findings, the exact mechanism for asso-
ciation between VDR polymorphisms and melanoma 
was not clear, and VDR polymorphisms may exert 
varying effects in the carcinogenetic mechanism of 
melanoma. Considering the limitations mentioned 
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