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Abstract
Objectives: To explore the relationship among the vitamin D receptor (VDR) gene polymorphisms, serum 25-hydroxyvitamin D
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levels, and vitiligo.
Methods: Databases including PubMed, Cochrane Library, Ovid, Web of Science, CNKI, SinoMed, and Wanfang Data were
systematically searched. The association was assessed using odds ratios (ORs), standard mean difference (SMD), and 95%
conﬁdence intervals (CIs). The statistical tests were performed using Review Manager 5.3.3.
Results: We identiﬁed a total of 17 studies. The relationship between VDR gene polymorphisms (BsmI, ApaI, TaqI, and FokI), serum
25 (OH)D levels, and incidence of vitiligo was investigated. The results of this meta-analysis showed that the dominant genetic model
(CC+AC vs AA, P = .007, OR = 1.41, 95% CI = 1.10–1.80), recessive genetic model (CC vs AC+AA, P = .01, OR = 4.10, 95% CI =
1.36–12.35), and allelic contrast model (C vs A, P = .005, OR = 1.87, 95% CI = 1.21–2.90) of VDR Apal locus increased the risk of
vitiligo, and BsmI, TaqI, and FokI loci and the risk of vitiligo have no obvious correlation. Serum 25 (OH)D deﬁciency was positively
associated with the incidence of vitiligo (P < .0001, SMD = 0.94, 95% CI = 1.39, 0.48).
Conclusion: This meta-analysis revealed that VDR Apal polymorphism increased the susceptibility risk of vitiligo, and there is a
positive correlation between serum 25 (OH)D deﬁciency and the incidence of vitiligo.
Abbreviations: CI = conﬁdence interval, HWE = Hardy–Weinberg equilibrium, OR = odds ratio, SMD = standard mean

difference.
Keywords: meta-analysis, serum 25-(OH)D, vitamin D receptor, polymorphism, vitiligo

melanocytes caused by immune function abnormality has
become a research hotspot.[2,3]
Vitamin D and its derivatives play a biological role through the
vitamin D receptor (VDR).[4] Previous studies have conﬁrmed
that VDR is not only involved in the growth of the bone but also
related to the regulation of T cell function and the biological
function of melanocytes.[5,6] VDR gene is located at chromosome
12q12–q14.[7] The biological activation of vitamin D is the
conversion of vitamin D into 25-hydroxyvitamin D [25(OH)D],
followed by 1a-hydroxylation to yield 1,25-dihydroxyvitamin
D3 [1,25(OH)D].[8] 25(OH)D has a long half-life. It is the most
appropriate index to reﬂect the vitamin D content and can
accurately reﬂect the vitamin D level in the human body.[9]
There have been several meta-analyses reporting the association of VDR gene polymorphisms, serum 25(OH)D levels, and
the risk of some diseases. For example, Vaughan–Shaw et al[10]
found that a higher 25(OH)D concentration is associated with a
better cancer outcome. Randerson-Moor et al[11] conducted a
meta-analysis and found that vitamin D and VDR gene may have
a potentially important role in melanoma. The association of
VDR polymorphisms, serum 25(OH)D levels, and vitiligo caused
signiﬁcant clinical and epidemiological research in recent years,
but the reported results have been inconsistent. Thus, we
conducted a meta-analysis of the existing published studies on
this topic to evaluate the strength of the association among the
four main VDR gene polymorphisms (BsmI, ApaI, TaqI, and
FokI), serum 25(OH)D levels, and risk of vitiligo.

1. Introduction
Vitiligo is a polygenic autoimmune disease, which is characterized by acquired localized or generalized depigmentation of the
skin. Vitiligo can occur at any part of the body. The exposed
regions with the white spots severely reduce patients’ quality of
life.[1] Various hypotheses for vitiligo occurrence have been
proposed, such as genetic predisposition, neural theory, and
autoimmune hypothesis. Among them, the destruction of
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2. Methods

assess the associations of the serum vitamin D levels and vitiligo.
Heterogeneity between the studies was assessed using the I2
statistic; P < .10 and I2 > 50% indicated evidence of obvious
heterogeneity.[13,14] If obvious heterogeneity existed between the
studies, the random effects model was used (DerSimonian and
Laird method).[15] Otherwise, the ﬁxed effects model was
adopted (Mantel–Haenszel method).[16] For the VDR gene
polymorphisms, we investigated the associations between the
genetic variants and vitiligo risk in allelic contrast, recessive, and
dominant genetic models. The Z test was used to determine the
pooled OR, and signiﬁcance was set at P < .05. The HWE for
each single-nucleotide polymorphism was assessed for the
controls in each study using x2 test at a signiﬁcant level of
P < .05. The potential publication bias was investigated using a
funnel plot.

2.1. Literature search
Databases, including PubMed, Cochrane Library, Ovid, Web of
Science, the China National Knowledge Infrastructure (CNKI),
the China Biological Medicine Database (SinoMed), and
Wanfang Data, were systematically searched. These computer
searches were limited to articles published in English and Chinese
before December 2016, excluding editorials and reviews. The
following keywords were used for the search: Vitiligo AND
Vitamin D OR 25-hydroxyvitamin D. Additional published data
that met our inclusion criteria were identiﬁed by reviewing the
bibliographical references listed in the retrieved articles. This
meta-analysis was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline. The protocol for this meta-analysis is
available in PROSPERO (CRD42017076932).

3. Results

2.2. Inclusion criteria

3.1. Study characteristics

We included studies that met the following criteria: it is a casecontrol study of patients with vitiligo and healthy controls; all
patients were clinically diagnosed with vitiligo; and studies
evaluated the association of VDR gene polymorphisms and/or
serum vitamin D levels and susceptibility to vitiligo.
Studies were excluded from the analysis when data cannot be
extracted from published results and the reported appropriate
outcomes were excluded or if they contained duplicate data.

A total of 147 articles were retrieved. After duplicates were
removed, only 97 full-text studies were evaluated. Through
further screening, 19 articles met the criteria,[17–35] excluding a
repeated study[17] and a study of large heterogeneity,[35] and
eventually 17 studies[18–34] were included in the ﬁnal metaanalysis. These comprised 9[18–23,25–27] studies for serum vitamin
D levels and 7[28–34] studies for VDR gene polymorphisms and
vitiligo. One study[24] evaluated the correlation of serum 25(OH)
D levels, VDR gene polymorphisms, and vitiligo. In the study of
VDR gene polymorphisms, the genotype frequencies of the
control group were consistent with the HWE. The results of NOS
showed that the quality of the methodology was generally good
(Fig. 1).

2.3. Data extraction
Two authors (J-ZZ and MW) independently extracted data from
all the included studies. Disagreement was resolved by consensus.
If these 2 authors failed to reach a consensus, the results were
reviewed by a third author (XJK). The extracted data included the
following items: ﬁrst author’s name, publication year, total
number of cases and controls, allele frequency (cases), serum 25hydroxyvitamin D level, methods, population (ethnicity), sex, age
(in years), and Newcastle–Ottawa scale (NOS). Articles related to
evaluating the association between VDR gene polymorphisms
and vitiligo were consistent with the Hardy–Weinberg equilibrium (HWE).

3.2. Main results, heterogeneity, and sensitivity analysis
3.2.1. VDR gene polymorphism and the risk of vitiligo. For
VDR BsmI polymorphism and its association with vitiligo,
heterogeneity was found under the dominant genetic model (I2 =
85%, P = .0002) and allelic contrast model (I2 = 82%, P = .0008),
so the random effects model was applied. There was no obvious
heterogeneity in the recessive genetic model. (I2 = 0%, P = .90).
So, the ﬁxed effects model was applied. No statistical association
between VDR BsmI polymorphism and vitiligo susceptibility was
observed under the dominant genetic model (AA+AG vs GG,
P = .79, OR = 1.08, 95% CI = 0.61–1.94), recessive genetic model
(AA vs AG+GG, P = .31, OR = 1.21, 95% CI = 0.83–1.77), and
allelic contrast model (A vs G, P = .82, OR = 1.05, 95% CI =
0.69–1.61). We considered the forest ﬁgure of the dominant
genetic model as the representative (Fig. 2). The ﬁgures of the
recessive gene model and allelic contrast model were not shown.
For VDR ApaI polymorphism and the risk of vitiligo, 7 studies
were included. According to the results of the sensitivity analysis,
6 articles were ﬁnally included. No statistically heterogeneity was
found under the dominant genetic model (I2 = 0%, P = .69), so the
Mantel–Haenszel ﬁxed effects model was used. Heterogeneity
was found under the recessive genetic model (I2 = 94%,
P < .00001) and allelic contrast model (I2 = 89%, P < .00001),
so the random-effects model was applied. A signiﬁcant statistical
association was observed under the dominant genetic model (CC
+AC vs AA, P = .007, OR = 1.41, 95% CI = 1.10–1.80) (Fig. 3),
recessive genetic model (CC vs AC+AA, P = .01, OR = 4.10, 95%
CI = 1.36–12.35), and allelic contrast model (C vs A, P = .005,
OR = 1.87, 95% CI = 1.21–2.90).

2.4. Quality assessment
The methodological quality of the observational studies was
determined using the NOS, and the “star” rating system was used
to judge the quality of the study.[12] The NOS ranges from 0
(worst) to 9 (best) stars. Studies with a score equal to or higher
than 7 were considered of high quality. The medium-quality
studies which with a score equal to or higher than 5 were
considered. Two investigators (FG and YD) independently
assessed the quality of the included studies, and the results were
reviewed by a third investigator (Y-YF). Disagreement was
resolved by discussion.
2.5. Statistical analysis
The associations between the BsmI, ApaI, TaqI, and FokI
polymorphisms of the VDR gene and vitiligo were compared by
using the odds ratio (OR) corresponding to the 95% conﬁdence
interval (CI) by using Review Manager 5.33. The standard mean
difference (SMD) and corresponding 95% CI were utilized to
2
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Figure 1. Flow diagram of the study identiﬁcation.

susceptibility, which was observed under the recessive genetic
model (CC vs CT+TT, P = .94, OR = 1.05, 95% CI = 0.32–3.46)
and allelic contrast model (C vs T, P = .68, OR = 0.92, 95% CI =
0.63–1.35).
For VDR FokI polymorphism and the risk of vitiligo, no
signiﬁcant heterogeneity was found among the dominant genetic
model (I2 = 0%, P = .46), recessive genetic model (I2 = 0%,
P = .89), and allelic contrast model (I2 = 0%, P = .48); thus, we
used the Mantel–Haenszel ﬁxed effects model. There was no
statistical association between VDR FokI polymorphism and

As for VDR TaqI polymorphism and its relationship to vitiligo,
no signiﬁcant heterogeneity was found under the dominant
genetic model (I2 = 49%, P = .12). For this reason, the Mantel–
Haenszel ﬁxed effects model was used. Heterogeneity was found
under the recessive genetic model (I2 = 81%, P = .001) and allelic
contrast model (I2 = 76%, P = .005); therefore, the randomeffects model was applied. Statistical association was observed
under the dominant genetic model (CC+CT vs TT, P = .04, OR =
0.81, 95% CI = 0.66–1.00) (Fig. 4). There was no statistical
association between VDR TaqI polymorphism and vitiligo

Figure 2. Forest plot of the association between the VDR BsmI polymorphisms and vitiligo under the dominant genetic model (AA+AG vs GG). The horizontal lines
correspond to the study-speciﬁc OR and 95% CI, respectively. The area of the squares reﬂects the study-speciﬁc weight. The diamond represents the pooled
results of the OR and the 95% CI.
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Figure 3. Forest plot of the association between the VDR ApaI polymorphisms and vitiligo under the dominant genetic model (CC+AC vs AA). The horizontal lines
correspond to the study-speciﬁc OR and 95% CI, respectively. The area of the squares reﬂects the study-speciﬁc weight. The diamond represents the pooled
results of the OR and the 95% CI.

Figure 4. Forest plot of the association between the VDR TaqI polymorphisms and vitiligo under the dominant genetic model (CC+CT vs TT). The horizontal lines
correspond to the study-speciﬁc OR and 95% CI, respectively. The area of the squares reﬂects the study-speciﬁc weight. The diamond represents the pooled
results of the OR and the 95% CI.

control group (P < .0001, SMD = 0.94, 95% CI = 1.39,
0.48) (Fig. 6).

vitiligo susceptibility, which was observed among the dominant
genetic model (TT+TC vs CC, P = .82, OR = 1.02, 95% CI =
0.85–1.23) (Fig. 5), recessive genetic model (TT vs TC+CC,
P = .86, OR = 1.02, 95% CI = 0.80–1.31), and allelic contrast
model (T vs C, P = .80, OR = 1.02, 95% CI = 0.89–1.16).

3.2.3. Sensitivity analysis. The contribution of every included
study to the pooled estimate was determined in order to assess the
sensitivity analysis. We excluded each study one at a time and
recalculated the pooled P or OR estimates for the remaining
studies. In order to observe the stability of the results, we also
converted to each other the ﬁxed effects model and random
effects model. Sobeih[24] had an undue inﬂuence on the summary
ORs under the dominant genetic model. Birlea[29], Guo[31], Li[32],
Sobeih[24], and Sun[34] had an undue inﬂuence on the summary

3.2.2. Association of serum 25(OH)D level with vitiligo. For
the serum 25(OH)D levels and its association with vitiligo, I2 test
indicated that the heterogeneity was signiﬁcant (P < .0001, I2 =
92.0%); therefore, the random-effects model was applied in
performing the meta-analysis. We found that the serum resisting
level in the vitiligo group was higher than that in the normal

Figure 5. Forest plot of the association between the VDR FokI polymorphisms and vitiligo under the dominant genetic model (TT+TC vs CC). The horizontal lines
correspond to the study-speciﬁc OR and 95% CI, respectively. The area of the squares reﬂects the study-speciﬁc weight. The diamond represents the pooled
results of the OR and the 95% CI.
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Figure 6. Forest plot of the association between serum 25-(OH) D level and vitiligo, the horizontal lines correspond to the study-speciﬁc SMD and 95% CI,
respectively. The area of the squares reﬂects the study-speciﬁc weight. The diamond represents the pooled results of SMD and 95%CI.

ORs under the recessive genetic model. Wei[35] had an undue
inﬂuence on the summary ORs under the dominant genetic model
and allelic contrast model when the ﬁxed effects model and
random effects model were converted to each other. After
excluding this study, the 2 genetic models became stable. We
excluded each study one at a time again and recalculated the
pooled P or OR estimates for the remaining studies. Only Li[32]
had an undue inﬂuence on the summary ORs under the dominant
genetic model. According to the results of sensitivity analysis, we
removed the study of Wei.[35]
Similarly, Li[32] and Sobeih[24] had an undue inﬂuence on the
pooled P or OR estimates and their data changed the pooled
point estimate when converting the ﬁxed effects model to the
random effects model for TaqI polymorphism. The data changed
the pooled point estimate when converting the ﬁxed effects model
to the random effects model under the dominant genetic model.
For VDR gene polymorphism (BsmI and FokI) and serum 25
(OH)D level with vitiligo, their data did not substantially change
the estimate of the pooled points when excluding one individual
study at a time or converting the random effects model to the
ﬁxed effects model. Thus, our results are quite reliable (Tables 1
and 2).

model of BsmI, ApaI, TaqI, and FokI polymorphisms as
representative. No visual publication bias was found in the
funnel plot for the BsmI (Fig. 7A), ApaI (Fig. 7B), TaqI (Fig. 7C),
or FokI (Fig. 7D) polymorphisms using allelic contrast.
Moreover, no visual publication bias was found under the
association of serum 25(OH)D level and vitiligo, as shown in
Figure 8.

4. Discussion
Vitamin D is a fat-soluble vitamin and 1,25(OH)D is the active
form of vitamin D, which mediates the biological effects of VDR
on immune diseases.[36] VDR plays an important role in
maintaining the dynamic balance of minerals, calcium and
phosphate metabolism, bone metabolism, growth and differentiation of a variety of tissue cells, and cardiovascular and
cerebrovascular diseases and immune regulation.[37,38] Recent
studies have also shown that VDR TaqI and ApaI polymorphisms
play a major role in many cancers.[39,40] At present, the etiology
and pathogenesis of vitiligo are not entirely clear. The theory of
autoimmunity is the focus of the present research. Active vitiligo
is characterized by peripheral lymph node invasion, which can
invade the basement membrane zone of melanocytes and result in
melanocyte decrease or absence, lymphocyte inﬁltration in the
superﬁcial dermis, and visible T lymphocyte, macrophage, and
dendritic cell inﬁltration and aggregation.[41–43] 1,25(0H)D can
elevate antigen presenting cells and T cells, produce a large

3.3. Publication bias
The publication bias of the individual studies was evaluated using
funnel plots. We considered the ﬁgure of the dominant genetic
Table 1

Characteristics of studies reporting the distribution of 4 VDR gene polymorphisms (ApaI, BsmI, FokI, and TaqI) in cases and controls.
Eligible subjects
Study; Reference
[28]

Aydingoz
Birlea[29]
Guo [30]
Guo [31]
Li[32]
Sobeih[24]
Sun[33]
Sun [34]

Allele frequency (case)

Male sex (%)

Year

Case

Control

ApaI

BsmI

FokI

TaqI

Methods

Population

2012
2006
2012
2014
2012
2016
2008
2011

98
31
251
251
749
75
46
46

216
33
263
263
763
75
50
50

0.43
0.63

0.464

0.27

0.459

0.431
0.227

0.066
0.083
0.367

TaqMan
PCR-RFLP
PCR-RFLP
PCR
PCR
PCR
PCR
PCR

Turkey
Netherlands
Chinese
Chinese
Chinese
Egypt
Chinese
Chinese

0.088
0.76
0.76
0.53

0.172
0.228

0.83

NOS = Newcastle–Ottawa scale.

5

53.1
32.3
51.8
51.8
55.3

48.1

45.7
45.7

54
54

52.1
52.1
54.1

Age, y
Case

Control

NOS

39.0 ± 12.5
53 ± 17.1
3–75
3–75
24.7 ± 13.6
31.5 ± 13.5
24.9 ± 13.9
24.9 ± 13.9

37.1 ± 9.8

7
6
6
6
7
5
6
6

18–65
18–65
26.4 ± 13.3
26.2 ± 13.7
26.2 ± 13.7
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Table 2
Characteristics of studies reporting the serum 25-(OH)D level in cases and controls.
Vitiligo group
First author
[18]

Cerman
Doss[19]
Karagün[20]
Liu1[21]
Liu2[21]
Saleh[22]
Sehrawat[23]
Sobeih[24]
Takci[25]
Ustun[26]
Xu1[27]
Xu2[27]

Control group

Male sex (%)

Age, y

Year

Population

Detection Assay

Mean

SD

N

Mean

SD

N

Case

Control

Case

Control

NOS

2014
2015
2016
2014
2014
2012
2014
2016
2015
2014
2012
2012

Turkey
Egypt
Turkey
Chinese
Chinese
Egypt
India
Egypt
Turkey
Turkey
Chinese
Chinese

LC-MS/ MS
ELISA
N/A
ELISA
ELISA
RIA
ELISA
ELISA
RIA
CLD
N/A
N/A

16.15
25.9
12.04
30.6
33.2
12
19.8
17.5
16.35
15.2
29.9
45.1

7.93
7.1
8.84
10.5
14.5
4.1
10.47
8.1
7.41
5.2
9.6
14.6

44
30
50
54
86
40
30
75
44
25
171
30

23.57
48.1
12.91
50.1
37.2
48.6
31.51
28.8
23.98
14.4
30.5
48

9.03
7.3
6.08
12.1
10.7
23.3
5.62
10.5
13.5
6.2
8.6
8.6

58
30
47
30
30
40
30
75
43
41
50
20

61.4
66.7
56
matched
matched
45
33.3
matched
54.5
52
46.8
N/A

58.6
53.3
63
matched
matched
45
matched
matched
23.3
48.8
42
N/A

33.64 ± 11.51
32.5 ± 14.6
30.96 ± 10.57
5–18
19–56
34.1 ± 11.4
31.33 ± 7.73
31.5 ± 13.5
34.5 ± 16.1
33.9 ± 19.4
18–60
18–60

32.55 ± 9.78
28 ± 5.7
31.45 ± 8.33
matched
matched
34.2 ± 11.5
matched
matched
33.0 ± 12.6
34.7 ± 15.9
matched
matched

8
7
6
6
6
7
6
5
7
8
7
7

CLD = chemiluminescence detection, ELISA = enzyme linked immunosorbent assay, LC-MS/ MS = liquid chromatograph-mass spectrometer, N/A = not applicable, N = number, NOS = Newcastle–Ottawa scale,
RIA = radioimmunoassay, SD = standard deviation.

Figure 7. Funnel plot for the publication bias tests. Each point represents a separate study for the indicated association. The horizontal and vertical axis correspond
to the OR and conﬁdence limits (OR: odds ratio, SE: standard error). A, VDR BsmI polymorphism and vitiligo under the dominant genetic model (AA+AG vs GG); (B)
VDR ApaI polymorphism and vitiligo under the dominant genetic model (CC+AC vs AA); (C) VDR TaqI polymorphism and vitiligo under the dominant genetic model
(CC+CT vs TT). (D) VDR FokI polymorphism and vitiligo under the dominant genetic model (TT+TC vs CC).
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FokI genotypes. The association between serum 25(OH)D levels
and VDR gene polymorphisms in patients with vitiligo still
requires more research.
Heterogeneity is a potential problem that may inﬂuence the
efﬁcacy of statistical analyses. We attempted to create subgroups
by ethnicity, but this cannot explain the heterogeneity observed
among the studies. Heterogeneity may be attributed to the
potential confounding caused by the diversity of sample sizes,
design differences, variations in the ethnicities and regions,
subject gender, methods of genotyping, and so on. Other
limitations of this meta-analysis should also be acknowledged.
First, only full-text articles published in English and Chinese were
included. Thus, some eligible studies, which were unpublished or
reported in other languages, were missed in this meta-analysis.
Second, cultural background factors also affected the publishing
decisions, which affect researchers’ likelihood of reporting or
editing negative results in some research areas. Third, the studies
done on BsmI, TaqI, and FokI are fewer compared to those on
ApaI. Is it possible that the available studies are not sufﬁcient to
make a conclusive result for these loci compared to ApaI? The
statistical ability of the small sample is limited, and the welldesigned and large sample studies are necessary to conﬁrm the
ﬁndings. Furthermore, serum 25(OH)D level can be signiﬁcantly
inﬂuenced by the environment surrounding patients such as
intensity of sun exposure. The disease activity of vitiligo should
also be considered in this meta-analysis. Finally, the segmental
and nonsegmental vitiligo is different in many aspects, including
genetic susceptibility. The available data do not allow us to
analyze each type separately, which requires further research.
Despite these limitations, our meta-analysis also has some
advantages. Above all, a meta-analysis can lead to more robust
data by increasing the sample size to overcome the small sample
size constraints of the studied population. Second, the quality of the
case-control studies in our meta-analysis was satisfactory. Third,
our research has corrected some mistakes in previous studies and
may provide a reference for subsequent vitiligo research.

Figure 8. Funnel plot for the publication bias tests of serum 25-(OH) D level
and vitiligo. The horizontal and vertical axis correspond to the SMD and
conﬁdence limits (SE = standard error, SMD = standard mean difference).

number of regulatory T cells of CD4+ and CD25+, and induce
immune tolerance.[12] Therefore, VDR gene polymorphism and
serum 25(OH)D may be closely related to the occurrence and
development of vitiligo.
Li[44] evaluated the association between VDR gene polymorphisms (ApaI, BsmI) and susceptibility to vitiligo in 2014 and
found that the ApaI a allele or BsmI bb genotype are associated
with the risk of vitiligo in East Asian populations. The research
literature was searched until November 2013. However, the data
extraction of a literature was wrong. The numbers of the vitiligo
and control groups were 31 and 33, respectively, in the study by
Birlea.[29] However, in the meta-analysis of Li et al,[44] the numbers
of the vitiligo and control groups were 33 and 31, respectively.
Upala[45] conducted a meta-analysis and identiﬁed a signiﬁcant
relationship between 25(OH)D levels and vitiligo, which found
that lower 25(OH)D levels were associated with vitiligo.
However, the extraction of literature pertaining to the study
was also wrong.[27] Additionally, some relevant studies were not
included. We therefore conducted this meta-analysis, which
included 8 studies on VDR gene polymorphisms. The dominant
genetic model, recessive genetic model, and allelic contrast model
of ApaI in the VDR gene were shown to be associated with an
increased risk of vitiligo; this polymorphism may be a potential
biomarker for early detection of vitiligo. Statistical association
was also observed under the dominant genetic model of TaqI.
However, the data changed the pooled point estimate when
converting the ﬁxed effects model to the random effects model.
No statistical association was observed under the recessive
genetic model and allelic contrast model. It may not be associated
with an increased risk of vitiligo. BsmI and FokI loci and the
pathogenesis of vitiligo have no obvious correlation. Ten studies
evaluated the correlation between serum levels of vitamin D and
vitiligo. Our study found that serum 25(OH)D levels in patients
with vitiligo were lower than those in normal subjects. Serum 25
(OH)D deﬁciency was positively associated with the incidence of
vitiligo. Karagüzel[46] conducted a prospective study and found
that oral vitamin D supplementation might be useful for children
with vitiligo who also have vitamin D deﬁciency, which is
consistent with our results. Li[32] found that 25(OH)D levels were
signiﬁcantly higher in patients carrying the FokI ff or ApaI AA
genotype compared with those carrying the FF or aa genotype.
However, Sobeih[24] found that the serum 25(OH)D levels were
not signiﬁcantly different among the various ApaI, TaqI, and

5. Conclusions
In conclusion, this meta-analysis revealed that VDR Apal locus
increased the risk of patients with vitiligo. Serum 25(OH)D
deﬁciency was positively associated with the incidence of vitiligo.
However, this result should be interpreted with caution due to the
limitations of the present study. Further studies with larger sample
sizes that consider gene-gene and gene-environment interactions
are thus needed to conﬁrm our ﬁndings. Prospective studies are also
needed to determine whether vitamin D supplementation in the
population can improve the prognosis of vitiligo.
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