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Abstract The aim of this study was to explore whether

vitamin D receptor (VDR) polymorphisms confer suscep-

tibility to psoriasis. Meta-analyses were conducted on the

associations between the VDR ApaI, TaqI, BsmI, and FokI

polymorphisms and psoriasis. Nine relevant studies on

VDR polymorphisms and psoriasis were included in this

meta-analysis, which involved 742 psoriasis patients and

715 controls. Meta-analysis indicated an association

between the VDR ApaI A allele and psoriasis in Turkish

studies (OR = 0.684, 95% CI = 0.475–0.985, p = 0.041).

Meta-analysis indicated an association between the BsmI B

allele and psoriasis in Asians (OR = 0.636, 95% CI =

0.411–0.984, p = 0.041), and showed a significant asso-

ciation between the FF and ff genotypes of the FokI poly-

morphism and psoriasis in all study subjects and in Turkish

studies (OR = 2.028, 95% CI = 1.194–3.446, p = 0.009;

OR = 3.582, 95% CI = 1.602–8.009, p = 0.002). This

meta-analysis suggests that the VDR ApaI polymorphism

confers susceptibility to psoriasis in the Turkish popula-

tion. In addition, associations were found between the

BsmI polymorphism and susceptibility to psoriasis in

Asians and between the Fok I polymorphism and psoriasis

in the Turkish population.
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Introduction

Psoriasis is a chronic inflammatory skin disorder character-

ized by keratinocyte hyperproliferation and increased blood

flow induced by the stimulation of tissue-resident immune

cells by markedly altered cutaneous cytokine profiles [1, 2].

Psoriasis is the most common autoimmune disorder and

affects 0.5–3% of the general population. Although its eti-

ology is not fully understood, it has been established that

psoriasis has a genetic component, and to date, human leu-

kocyte antigen (HLA) loci are the most powerful genetic

factors identified [3]. However, increasing evidence suggests

that non-HLA genes also contribute [4].

Although the primary function of vitamin D is the reg-

ulation of bone mineral homeostasis, it is also involved in

interleukin (IL)-2 inhibition, antibody production, and

lymphocyte proliferation, and thus, vitamin D is considered

to be a regulator of the immune system [5]. It is known that

1,25-dihydroxy vitamin D3 (1,25(OH)2 D3) inhibits inter-

feron secretion and negatively regulates IL-12 production

by downregulating nuclear factor-kappaB [6]. Furthermore,

in one in vitro study, 1,25(OH)2 D3 was found to have a

preventative effect on autoimmune diseases [7].

The action of vitamin D is dependent on vitamin D

receptor (VDR), a member of the nuclear hormone receptor

superfamily, and the VDR gene is one of the most frequently

studied genes in the context of psoriasis. This gene is located

on chromosome 12q13.11 [8], and three polymorphisms,

BsmI, ApaI (both in intron 8), and TaqI (in exon 9), have

been identified at the 30-end of the gene, and shown to be in

strong linkage disequilibrium (LD) [9]. The other polymor-

phic region, FokI, is located in the start codon. Although the

functional significances of these four VDR polymorphisms

remains unknown, it is believed that LD and one or more

functional polymorphisms elsewhere in the VDR gene
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explains observed associations between the polymorphisms

of the VDR gene and autoimmune diseases. These VDR

polymorphisms have been associated with several autoim-

mune diseases in some reports, but by no means in all

[10, 11]. The reasons for this disparity may be small sample

sizes, low statistical power, and/or clinical heterogeneity.

Therefore, in order to overcome the limitations of individual

studies, resolve inconsistencies, and reduce the likelihood

that random errors are responsible for false-positive or false-

negative associations, we turned to meta-analysis. The aim

of the present study was to determine using meta-analysis

whether the VDR ApaI, TaqI, BsmI, and TaqI polymor-

phisms confer susceptibility to psoriasis.

Methods

Identification of eligible studies and data extraction

We performed a search of studies that examined associa-

tions between VDR polymorphisms and psoriasis. The

literature was searched using the MEDLINE citation

database to identify available articles in which VDR

polymorphisms were analyzed in psoriasis patients. Com-

binations of keywords, such as, ‘vitamin D,’ ‘VDR,’

‘polymorphism,’ and ‘psoriasis’ were entered as Medical

Subject Headings (MeSH) or text words. References in

identified studies were also investigated to identify addi-

tional studies not indexed by MEDLINE. Genetic associ-

ation studies that determine the distributions of ApaI, TaqI,

BsmI, and FokI genotypes in psoriasis and normal controls

were also eligible for inclusion. The following information

was extracted from each study: author, year of publication,

ethnicity of the study population, demographics, and

numbers of cases and controls for each of the ApaI, TaqI,

BsmI, and FokI genotypes. Frequencies of alleles were

calculated from corresponding genotype distributions.

Evaluation of publication bias

Funnel plots are often used to detect publication bias. How-

ever, due to the limitations of funnel plotting, which requires a

range of studies of varying sizes involving subjective judg-

ments, we evaluated publication bias using Egger’s linear

regression test [12], which measures funnel plot asymmetry

using a natural logarithm scale of odds ratios (ORs).

Evaluations of statistical associations

We performed meta-analyses using; (1) allelic contrast, (2)

contrast of homozygotes, (3) recessive, and (4) dominant

models. Point estimates of risk, ORs, and 95% confidence

intervals (CI) were estimated for each study. In addition,

within- and between-study variations or heterogeneities

were assessed using Cochran’s Q-statistic. This heteroge-

neity test assesses the null hypothesis that all studies

evaluated the same effect. The effect of heterogeneity was

quantified using I2, which ranges between 0 and 100%, and

represents the proportion of between-study variability that

can be attributed to heterogeneity rather than chance [13].

I2 values of 25, 50, and 75% were nominally assigned as

low, moderate, and high estimates. The fixed effects model

assumes that genetic factors have similar effects on psori-

asis susceptibility across all studies investigated, and that

observed variations among studies are caused by chance

alone [14]. The random effects model assumes that dif-

ferent studies show substantial diversity and assesses both

within-study sampling error and between-study variance

[15]. When study groups are homogeneous, the fixed and

random effects models are similar, and when this is not the

case the random effects model usually provides wider CIs

than the fixed effects model. The random effects model is

used in the presence of significant between study hetero-

geneity [15]. Statistical manipulations were undertaken

using a Comprehensive Meta-Analysis computer program

(Biosta, Englewood, NJ, USA).

Results

Studies included in the meta-analysis

Nine relevant studies on VDR polymorphisms in psoriasis

met the study inclusion criteria, and in total, these studies

involved 742 psoriasis patients and 715 controls [16–24],

and consisted of 4 Asian, 2 European, and 2 Turkish

studies, and 1 Arab population study (Table 1).

Six studies examined the VDR ApaI polymorphism, 6

the VDR TaqI polymorphism, 5 the BsmI polymorphism

and 4 the VDR FokI polymorphism. Selected characteris-

tics of these studies with respect to associations between

VDR polymorphisms and psoriasis are summarized in

Table 1. Meta-analysis was performed on the association

between polymorphisms and psoriasis when there were at

least 2 relevant studies. In addition, ethnicity-specific meta-

analysis was performed in Asian and Turkish populations.

Heterogeneity and publication bias

No between-study heterogeneity was found during the

meta-analyses of the VDR BsmI and FokI polymorphisms,

but some heterogeneity was found in the meta-analyses of

the ApaI and TaqI polymorphisms for all studies. It was

difficult to correlate the funnel plot, which is usually used

to detect publication bias, because the number of studies

included in the analysis was relatively small. However,
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Egger’s regression test showed no evidence of publication

bias (Egger’s regression test p values [0.1).

Meta-analysis of relations between the VDR ApaI,

TaqI, BsmI, and FokI polymorphisms and psoriasis

A summary of meta-analyses findings regarding the asso-

ciation between the VDR polymorphisms and psoriasis is

provided in Table 2. Meta-analysis of the VDR ApaI

polymorphism showed no association between psoriasis

and the VDR ApaI A allele in all study subjects (psoriasis

patients plus normal controls; OR = 0.940, 95% CI =

0.616–1.435, p = 0.775) (Table 2; Fig. 1). However,

stratification by ethnicity revealed a significant association

between the VDR ApaI A allele and psoriasis in the Turkish

populations (OR = 0.684, 95% CI = 0.475–0.985, p =

0.041) (Table 2, Fig. 2). Furthermore, an association was

found between psoriasis and VDR ApaI polymorphism using

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

Study [Ref] Ethnicity Numbers Polymorphism(s) Association findings

Case Control

Zuel-Fakkar et al. 2011 [16] Arab 50 50 ApaI, TaqI NS

Dayangac-Erden et al. 2007 [17] Turkish 51 100 ApaI, TaqI, FokI ApaI, FokI: NS, TaqI: p \ 0.05

Halsall et al. 2005 [18] European 205 80 TaqI, FokI NS

Ruggiero et al. 2004 [19] European 60 68 BsmI NS

Saki et al. 2002 [20] Asian 115 69 ApaI, TaqI, BsmI, FokI ApaI, FokI: NS, TaqI, BsmI: p \ 0.05

Kaya et al. 2002 [21] Turkish 53 54 ApaI, TaqI, BsmI, FokI ApaI: p \ 0.05, TaqI, BsmI, FokI: NS

Okita et al. 2002 [22] Japanese 50 86 ApaI, TaqI, BsmI NS

Lee et al. 2002 [23] Korean 55 104 BsmI NS

Park et al. 1999 [24] Korean 104 104 ApaI ApaI: p = 0.001

Ref reference, NS not significant

Table 2 Meta-analysis of the associations between the VDR ApaI and TaqI polymorphisms and psoriasis

Polymorphism Population No. of

studies

Test of association Test of heterogeneity

OR 95% CI p val Model p val I2

ApaI A vs. a Overall 6 0.940 0.616–1.435 0.775 R 0.001 55.4

Asian 3 1.085 0.510–2.309 0.883 R 0.001 86.1

Turkish 2 0.684 0.475–0.985 0.041 F 0.326 0

AA vs. Aa ? aa (recessive) Overall 6 0.835 0.457–1.525 0.556 R 0.033 58.8

Asian 3 1.032 0.331–3.219 0.956 R 0.057 65.1

Turkish 2 0.516 0.294–0.903 0.021 F 0.226 31.7

AA ? Aa vs. aa (dominant) Overall 6 0.948 0.537–1.675 0.855 R 0.014 64.8

Asian 3 1.123 0.464–2.718 0.796 R 0.002 83.5

Turkish 2 0.716 0.357–1.436 0.347 F 0.969 0

AA vs. aa Overall 6 0.771 0.444–1.203 0.217 R 0.083 48.7

Asian 3 1.086 0.270–4.362 0.907 R 0.018 75.1

Turkish 2 0.501 0.226–1.114 0.090 F 0.600 0

TaqI T vs. t Overall 6 1.158 0.837–1.600 0.376 R 0.083 48.6

Asian 6 1.142 0.653–1.995 0.642 F 0.139 54.3

Turkish 2 1.283 0.594–2.770 0.526 R 0.042 75.7

TT vs. Tt ? tt (recessive) Overall 5 1.112 0.780–1.584 0.558 F 0.225 29.5

Asian 2 1.065 0.582–1.949 0.838 F 0.183 43.5

Turkish 2 1.325 0.791–2.218 0.284 F 0.103 62.4

TT ? Tt vs. tt (dominant) Overall 4 1.332 0.473–3.751 0.588 R 0.093 53.2

Turkish 2 1.816 0.346–9.541 0.481 R 0.069 69.8

TT vs. tt Overall 4 1.427 0.430–4.741 0.561 R 0.054 60.8

Turkish 2 1.987 0.269–14.69 0.501 R 0.037 76.9

VDR vitamin D receptor, OR odds ratio, CI confidence interval, R Random effects model, F Fixed effects model
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the recessive model (OR = 0.516, 95% CI = 0.294–0.903,

p = 0.021). However, no association was found between the

TaqI polymorphism and psoriasis using the allele contrast,

recessive, or dominant models, or according to contrast of

homozygotes in Asian or Turkish populations or in all study

subjects (Table 2).

Furthermore, meta-analysis showed no association

between psoriasis and the BsmI B allele in all study

Fig. 1 ORs and 95% CIs of

individual studies and pooled

data for the allele associations

between the VDR ApaI (a),

TaqI (b), BsmI (c), and FokI

(d) polymorphisms and

psoriasis
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subjects (Table 3, Fig. 1). However, stratification by eth-

nicity indicated a significant association between the VDR

BsmI allele and psoriasis in Asians (OR = 0.636, 95%

CI = 0.411–0.984, p = 0.041) (Table 3, Fig. 2). Meta-

analysis of the F allele, FF genotype, and FF ? ff genotype

of the FokI polymorphism showed no association with

psoriasis (Table 3), but meta-analysis of the FF and ff

genotypes showed a significant association with psoriasis

Fig. 2 ORs and 95% CIs of individual studies and pooled data for the associations between the A allele of the VDR ApaI polymorphism (a), the

B allele of the BsmI polymorphism (b), and the FF and ff genotypes of the FokI polymorphism (c) and psoriasis in each ethnic group
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in all study subjects and in the Turkish populations (OR =

2.028, 95% CI = 1.194–3.446, p = 0.009; OR = 3.582,

95% CI = 1.602–8.009, p = 0.002) (Table 3, Fig. 2).

Discussion

Although association studies are excellent at identifying

genetic factors that confer susceptibility to common dis-

eases like psoriasis, most reported association studies are

underpowered in terms of detecting modest genetic effects

that underlie susceptibilities to common diseases [25]. This

underpowering results in inconsistent findings due to false-

positive, false-negative, or true variabilities of associations

in different populations. Meta-analysis integrates previous

research and increases statistical power and resolution by

pooling the results of independent analyses [26, 27], and

provides a powerful means of overcoming the small sample

size problem and the often inadequate statistical powers of

genetic studies on complex traits.

Although the multifactorial natures of psoriasis are well

recognized, genetic factors are considered to be strong

determinants of these diseases, and thus, researchers have

been encouraged to search for the genes responsible. Many

genes have been studied in this context, and the VDR gene

is one such gene in the context of psoriasis [28, 29].

Vitamin D plays a key role in calcium homeostasis and also

contributes to the regulation of the immune system. Given

the immunosuppressive effects of vitamin D and the

potential link between vitamin D deficiency and autoim-

mune diseases, VDR polymorphisms, which may influence

VDR activity, have been studied as potential causes of

autoimmune diseases including psoriasis.

In this meta-analysis, we combined data from published

studies to evaluate genetic associations between the most

commonly studied polymorphisms of the VDR gene,

namely, the ApaI, TaqI, BsmI, and FokI polymorphisms,

and psoriasis. Our meta-analysis of the VDR TaqI poly-

morphism showed no association with psoriasis in all study

subjects or in Asians. In contrast, meta-analysis of the ApaI

and FokI polymorphisms showed significant associations

with psoriasis in the Turkish populations studied. Further-

more, meta-analysis of the BsmI polymorphism revealed a

significant association with psoriasis in Asians, and sug-

gested that the A allele may be a protective factor with an

OR of 0.636 (95% CI = 0.411–0.984, p = 0.042).

However, our results should be interpreted with caution

because of the limited number of studies included in this

meta-analysis, which also restricted further subgroup

analyses. Furthermore, the relative importance of the VDR

polymorphisms during the development of psoriasis may

be dependent on ethnicity. However, we were unable to

perform ethnicity specific meta-analysis in European pso-

riasis patients due to limited data.

Present study has some limitations that require consid-

eration. First, heterogeneity and confounding factors may

Table 3 Meta-analysis of the associations between the VDR BsmI and FokI polymorphisms and psoriasis

Polymorphism Population No. of studies Test of association Test of heterogeneity

OR 95% CI p val Model p val I2

BsmI B vs. b Overall 5 0.865 0.654–1.144 0.309 F 0.114 46.2

Asian 3 0.636 0.411–0.984 0.042 F 0.121 52.6

BB vs. Bb ? bb (recessive) Overall 5 0.878 0.530–1.455 0.613 F 0.265 23.4

Asian 3 0.619 0.246–1.562 0.310 F 0.113 54.0

BB ? Bb vs. bb (dominant) Overall 5 0.835 0.572–1.219 0.351 F 0.316 15.4

Asian 3 0.634 2.379–1.061 0.083 F 0.320 12.2

BB vs. bb Overall 5 0.878 0.499–1.542 0.650 F 0.237 27.7

Asian 3 0.595 0.235–1.508 0.274 F 0.107 55.2

FokI F vs. f Overall 4 0.832 0.659–1.050 0.121 F 0.603 0

Turkish 2 0.892 0.598–1.330 0.574 F 0.305 5.07

FF vs. Ff ? ff (recessive) Overall 3 0.770 0.521–1.139 0.191 F 0.651 0

Turkish 2 0.859 0.518–1.425 0.412 F 0.521 0

FF ? Ff vs. ff (dominant) Overall 3 0.707 0.374–1.338 0.287 F 0.397 0

Turkish 2 0.888 0.331–2.381 0.813 F 0.221 33.1

FF vs. ff Overall 3 2.028 1.194–3.446 0.009 F 0.136 49.8

Turkish 2 3.582 1.602–8.009 0.002 F 0.439 0

VDR vitamin D receptor, OR odds ratio, CI confidence interval, R Random effects model, F Fixed effects model
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have distorted the analysis. Furthermore, publication bias

also may have affected the analysis, because studies that

produced negative results may not have been published or

may have been missed, and although Egger’s regression

test was used, the possibility of bias could not be elimi-

nated. Second, ethnicity-specific analysis included data

from Asian and Turkish patients, and thus, our results are

applicable to only these ethnic groups. Third, haplotype

analysis may have provided more information and would

have been more powerful than single polymorphism anal-

ysis. Furthermore, LD was found for the BsmI, TaqI, and

ApaI polymorphisms [9]. In addition, no meta-analysis of

haplotypes was possible due to inadequate haplotype data.

Fourth, the VDR polymorphisms may be associated with

psoriasis severity, but the small amount of data available

did not allow us to investigate these associations.

In conclusion, this meta-analysis demonstrates that the

VDR ApaI polymorphism may confer susceptibility to

psoriasis in the Turkish population. Furthermore, it shows

that the BsmI polymorphism confers susceptibility to

psoriasis in Asians and that the Fok I polymorphism does

so in the Turkish population. These findings prompt further

investigation on the associations between the VDR poly-

morphisms and psoriasis susceptibility. Larger scale stud-

ies in populations with different ethnicities are necessary to

explore the roles of the polymorphisms of the VDR gene in

the pathogeneses of psoriasis.
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