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Vitamin D receptor polymorphisms may contribute to asthma risk
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Abstract

Background: Asthma is a common chronic airway disorder associated with significant morbidity
and mortality. Objective: Current study aims at investigating the correlation between four vitamin
D receptor (VDR) gene polymorphisms and asthma susceptibility by conducting a meta-analysis.
Methods: PubMed, EBSCO, Ovid, Wiley, Web of Science, Wanfang, CNKI and VIP databases were
searched using combinations of keywords relating to VDR and asthma. The published studies
were filtered using our stringent inclusion and exclusion criteria, and the resultant high-quality
data from final selected studies were analyzed using Stata 12.0 software. Results: A total of 77 stud-
ies were initially retrieved, and after further selection, 9 studies were eligible in current analysis.
The selected studies contained 2,116 patients with asthma and 1,884 healthy controls. Our results
demonstrated that rs2228570, rs7975232 and rs731236 in both allele models and dominant models,
and rs3782905 in allele model in the VDR gene were linked with a high risk of asthma. No significant
association between VDR gene rs3782905 in dominant model and risk of asthma was detected.
Conclusions: This meta-analysis provides convincing evidence that rs2228570, rs7975232, rs731236
and rs3782905 gene polymorphisms in VDR are associated with increased susceptibility to asthma,
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indicating VDR polymorphisms could be developed as biomarkers for asthma susceptibility.

Introduction

Asthma is a universal chronic airway disorder associated with
significant morbidity and mortality affecting more than 300
million people worldwide, and the numbers are expected to
increase substantially in the next few decades [1,2]. It is
believed that 5%~10% of populations in developed coun-
tries are affected by asthma, which causes a large socioeco-
nomic burden [3]. Despite inhaled glucocorticoid treatment,
many patients still need more intensive therapy [4]. It was
believed that asthma is the result of interactions between multi-
ple genetic and environmental factors [5,6]. Recently, associa-
tions between asthma and gene polymorphisms have become
an attractive way to explain the heterogeneity observed in
asthma and several studies have adopted this approach to under-
stand asthma-related biological responses [7,8]. A recent study
reported that genetic alterations of the vitamin D receptor
(VDR) and vitamin D deficiency could initiate several diseases,
including asthma [9].

VDR gene was cloned in 1988 and maps to chromosome
12q13.11 consisting of 9 exons, with at least 6 isoforms of
exon 1, and encoding a 427-amino acid protein [10,11]. As an
intracellular hormone receptor, VDR can mediate the biological
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responses to the 1,25(OH)2D3 hormone and activate vitamin
D metabolite [12,13]. Four single nucleotide polymorphisms
(SNPs) in VDR gene have been known through genetic asso-
ciated studies, namely rs7975232 (Apal), rs731236 (Taql),
1rs2228570 (Fokl) and rs3782905 [14,15]. The Apal and Taql
polymorphisms are located near the 3° end of the VDR gene,
and FoklI is present in exon 2 and rs3782905 in intron 2 [16,17].
It was believed that low vitamin D status strongly correlates
with poor pulmonary function and increased incidence of res-
piratory infections, asthma, and chronic obstructive pulmonary
disease [18].

Furthermore, an epidemiological study confirmed a positive
link between vitamin D deficiency and clinical features found
in asthma [19]. Nevertheless, published studies on the associa-
tions between VDR polymorphisms and asthma are contradic-
tory with each other [20]. On one hand, studies demonstrated
that VDR polymorphisms may be implicated in asthma sus-
ceptibility [15, 17,19], while on the other hand, a study con-
cluded that one of the VDR gene polymorphisms, Fokl, does
not significantly contribute to the development of asthma [21].
To solve the conflicting results, the four SNPs (Apal, Taql,
FoklI and rs3782905) were selected for our current study from a
SNP database (dbSNP; http://www.ncbi.nlm.nih.gov/SNP) for
analysis because those four SNPs are known to have a speci-
fied role for asthma and/or other pulmonary diseases described
in the earlier researches among different populations [22-27].
Therefore, to clarify the associations between VDR gene poly-
morphisms and asthma susceptibility completely, we analyzed
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Figure 1. Flow chart of literature search and study selection. Nine studies were included in this meta-analysis.

Fok I, Apa 1, Taq I, rs3782905 polymorphisms in VDR gene by
meta-analysis.

Materials and methods

Literature search

Computerized bibliographic databases: PubMed, EBSCO,
Ovid, Wiley, Web of Science, Wanfang, China national
knowledge infrastructure (CNKI), VIP databases updated to
September 2014, were searched to identify relevant studies
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Figure 2. Critical Appraisal Skill Program scores for 9 included studies
investigate the association of Vitamin D Receptor polymorphisms and sus-
ceptibility to asthma.

with the combinations of (“receptors, calcitriol” or “cal-
citriol receptors” or “VDR” or “vitamin D receptor” or “
1,25-Dihydroxycholecalciferol receptors”) and (“‘asthma” or
“bronchial asthma”). Although there were no restrictions for
language, we only obtained studies with English and Chinese
for the convenience of data collection. Manual research was
also applied for potential relevant literature.

Study selection

Studies that met the following criteria were enrolled in
present meta-analysis: (1) case-controls design; (2) studies
investigated the association of VDR gene polymorphism and
asthma; (3) asthma patients and healthy controls that do not
have allergic response to asthma allergen were respectively
arranged as the subjects in case and control group; (4) lit-
eratures should provide sufficient information, such as the
number in cases and controls, gender, age and gene loci (Fok
I, Apal, Taq I, rs3782905); (5) individuals in the control group
were selected from the healthy crowd underwent the normal
physical examination or patients from surgical department
or neurology department. Included individuals in control
group were excluded from asthma or any respiratory diseases,
typical allergic diseases or rheumatic immune diseases, such
as allergic rhinitis, conjunctivitis and rheumatoid. According
to the included studies, serum IgE antibody level from each
individual in control group was detected to determine allergic
response using ELISA and radioimmunosorbent assays. The
studies were excluded if they were (1) duplicate publication;
(2) provide incomplete data; (3) provide ambiguous diagnostic
criteria.
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Table 1. Baseline characteristics for included studies in present meta-analysis investigating the association between Vitamin D receptor polymorphisms

and increase risk for asthma susceptibility.

First author Year Country Ethnicity Source SNP

Maalmi H-a 2013 Tunisia Africa PCR-RFLP 1s2228570 C>T
Maalmi H-b 2013 Tunisia Africa PCR-RFLP rs1544410 A>G
Maalmi H-c 2013 Tunisia Africa PCR-RFLP 15731236 A>G
Maalmi H-d 2013 Tunisia Africa PCR-RFLP 157975232 A>C
Ismail MF 2013 Egypt Asian TagMan array 1s2228570 C>T
Pillai DK-a 2011 USA Caucasian TagMan array 1s731236 A>G
Pillai DK-b 2011 USA Caucasian TagMan array 157975232 A>C
Pillai DK-c 2011 USA Caucasian TagMan array 152239185 A>G
Pillai DK-d 2011 USA Caucasian TagMan array rs2107301 A>G
Pillai DK-e 2011 USA Caucasian TagMan array rs1540339 C>T
Pillai DK-f 2011 USA Caucasian TagMan array rs3782905 G>C
Pillai DK-g 2011 USA Caucasian TagMan array 1s2228570 C>T
LiF 2011 China Asian PCR-RFLP rs2228570 C>T
Zhen YF 2010 China Asian PCR-RFLP 1s7975232 A>C
Zhao M-a 2010 China Asian Direct sequencing 1s7975232 A>C
Zhao M-b 2010 China Asian Direct sequencing rs1544410 A>G
Saadi A-a 2009 China Asian PCR-RFLP 1s2228570 C>T
Saadi A-b 2009 China Asian PCR-RFLP 1s3782905 G>C
Saadi A-c 2009 China Asian PCR-RFLP rs1544410 A>G
Saadi A-d 2009 China Asian PCR-RFLP 1s7975232 A>C
Saadi A-e 2009 China Asian PCR-RFLP rs731236 A>G
Fang WL-a 2009 China Asian PCR-RFLP 1s2228570 C>T
Fang WL-b 2009 China Asian PCR-RFLP rs1544410 A>G
Raby BA-a 2007 Germany Caucasian TagMan array 1s2228570 C>T
Raby BA-b 2007 Germany Caucasian TaqMan array 1s3782905 G>C
Raby BA-c 2007 Germany Caucasian TagMan array 1s2239185 A>G
Raby BA-d 2007 Germany Caucasian TagMan array 157975232 A>C
Raby BA-e 2007 Germany Caucasian TagMan array rs731236 A>G

Note: PB: population-based; PCR-RFLP: polymerase chain reaction—restriction fragment length polymorphism; VDR: vitamin D receptor.

Data extraction and quality assessment

After all enrolled articles were assessed by two investiga-
tors according to the inclusion criteria, the following infor-
mation were collected from each: first author’s name, pub-
lication year, country, total numbers of cases and controls,
ethnicity, age, detection method, gene loci (Fok I, Apa I,
Taq I, rs3782905) and genotype frequencies. Discrepancies
between the two investigators were settled by discussion with a
third investigator. The quality assessment was conducted using
Critical Appraisal Skill Program (CASP) (http://www.casp-
uk.net/#!casp-tools-checklists/c18£8).

Statistical analysis

Data analysis was conducted using STATA software (Version
12.0, Stata Corp., College Station, TX, USA) for present meta-
analysis. The correlations between VDR gene polymorphisms
and asthma were estimated by risk ratio (RR) with 95% con-
fidence interval (95% CI). Z test was conducted to evaluate
the overall effect size RRs. Both Cochran’s Q-statistic and I*
tests were applied to assess the heterogeneity [28]. The selec-
tion between fixed effects model and random effects model
was based on the absence and presence of heterogeneity. Fixed
effects model was selected if there was no heterogeneity, while
random effects model was used for obvious heterogeneity
between studies (P < 0.05 or I test exhibited > 50%) [29,30].
The potential sources of heterogeneity were assessed by meta-
regression analysis and Monte Carlo simulation [31]. Sensitiv-
ity analysis was conducted to determine whether the removal of
one single study could influence the overall outcomes. Funnel

plots and Egger’s test were used for determine the publication
bias [32,33]. A bilateral test was conducted with P value of less
than 0.05 considering being significant.

Results

Study characteristics

The procedures of study selection are shown in Figure 1. Uti-
lizing our predefined search strategy, we identified a total of 77
potential publications from our initial search. After removing
2 duplicated studies, 24 studies were excluded either because
they were letters, reviewer studies, meta-analysis, irrelevant, or
not about human studies, 51 studies were remained for further
evaluations, resulting in exclusion of an additional 40 studies.
Eleven relevant publications were selected for inclusion in our
analysis. After further examination of the data from these 11
studies, 2 more studies were excluded because of insufficient
data. Ultimately 9 published studies (between 2007 and 2013)
met the eligibility criteria, and contained 2,116 asthma patients
and 1,884 healthy controls [14,15, 17,18, 21,34-37]. Detection
methods included in those eligible studies were direct sequenc-
ing, polymerase chain reaction with the restriction fragment
length polymorphism (PCR-RFLP) and TagMan assay. CASP
scores and baseline characteristics for eligible studies are pre-
sented in Figure 2 and Table 1, respectively.

Fokl polymorphism

A total of 7 studies measured the correlation between FokI
polymorphism in VDR gene and asthma. No significant
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Figure 3. Forest plot in present meta-analysis investigates the single nucleotide polymorphisms of Vitamin D Receptor contribute to an increase risk
for asthma susceptibility in fixed effect model (A, rs2228570 C>T; B, 152228570 C>T; C, rs7975232 A>C; D, 1s7975232 A>C; E, 15731236 A>G; F,

1s731236 A>G; G, rs3782905 G>C; H, rs3782905 G>C).

heterogeneity was found on allele model (P = 48%, P =
0.073), thus fixed effects model was applied, whereas
random effects model was applied in dominant model
for presence of significant heterogeneity (> = 90.2%, P
< 0.001). The result in our meta-analysis demonstrated
that Fokl polymorphism in VDR gene may contribute
to asthma susceptibility (allele model: RR = 0.93, 95%
CI = 0.88-0.98, P = 0.012; dominant model: RR = 0.81,
95% CI = 0.77-0.84, P < 0.001) (Figures 3A, 3B and
Table 2).

Apal polymorphism

Among the nine included literature, 6 studies explored the
association between Apal polymorphism in VDR gene and
asthma. Fixed effects model was utilized on both allele model
and dominant model with no significant heterogeneity being
discovered (allele model: > = 16.1%, P = 0.310; dominant
model: 7 =31.1%, P = 0.202). A significant association was
found between Apal polymorphism and asthma, which imply-
ing that Apal polymorphism in VDR gene may be associated
with asthma susceptibility (allele model: RR = 0.83, 95%
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Table 2. Comparisons of genotype and allele frequencies between the case and the control groups investigating the association between Vitamin D

Receptor polymorphisms and increase risk for asthma susceptibility.

rs2228570 rs7975232 rs731236 rs3782905

RR 95%C1 P RR 95%C1 P RR 95%C1 P RR 95%C1 P
M allele vs. W allele  0.93  0.88-0.98 0.012 0.83 0.78-0.89 <0.001 0.86  0.79-0.94  0.001 0.89 0.80-0.99  0.027
(Allele model)
WM + MM vs. 0.81 0.77-0.84 <0.001 0.87 0.82-0.93 <0.001 092 0.85-0.99 0.031 092 0.84-1.02 0.119
WW (Dominant
model)
MM vs. WW 0.85 0.77-0.84 0.014  0.68 0.59-0.78 <0.001 0.66 0.53-0.82  0.001 0.67 0.49-0.92 0.014
(Homozygous
model)
MM vs. WM 1.04  0.99-1.09 0.101 1.09 1.02-1.15 0.006 1.1 1.03-1.17  0.003 1.05 1.00-1.11 0.058
(Heterozygous
model)
MM vs. WW + 0.85 0.73-0.99 0.033 0.7 1.02-1.15 <0.001 0.65 0.51-0.83  0.001 0.68 0.49-0.94  0.019
WM (Recessive
model)

Note: RR: relative risk; 95%CI: 95% confidential intervals.

CI =0.78-0.89, P < 0.001; dominant model: RR = 0.87,95%
CI =0.82-0.92, P < 0.001) (Figures 3C, 3D and Table 2).

Taql polymorphism

A total of 4 studies measured the association between Taql
polymorphism in VDR gene and asthma in this meta-analysis.
There is no significant heterogeneity on both allele model and
dominant model (allele model: I < 50%, P = 0.684; domi-
nant model: > < 50%, P = 0.771). Therefore, the fixed effects
model was utilized on both allele model and dominant model.
The result in present meta-analysis showed that Taql polymor-
phism in VDR gene may increase the susceptibility of asthma
(allele model: RR = 0.86, 95% CI = 0.79-0.94, P = 0.001;
dominant model: RR = 0.92, 95% CI = 0.85-0.99, P = 0.031)
(Figures 3E, 3F and Table 2).

rs3782905 polymorphism

Altogether 3 studies measured the correlation between VDR
gene 152228570 polymorphism and asthma. No significant
heterogeneity was found on both allele model and dominant
model, thus fixed effects model was utilized (allele model:
P < 50%, P = 0.431; dominant model: I? < 50%, P = 0.833).
The result in our meta-analysis implied that rs3782905 poly-
morphism in VDR gene may contribute to asthma suscepti-
bility (allele model: RR = 0.89, 95% CI = 0.80-0.99, P =
0.027), however, a similar correlation was not found in dom-
inant model: RR = 0.92, 95% CI = 0.84-1.02, P = 0.119)
(Figures 3G, 3H and Table 2).

Regression analyses, sensitivity analyses and publication
bias

According to the meta-regression analysis, years of publica-
tion, sample size, ethnicity, country, SNP and detection method
were not the key resources for heterogeneity (all P > 0.05)
(Figure 4 and Table 3). Sensitivity analysis was performed, and
the results in our study demonstrated that no single study had
the weight to impact on the association between polymorphism

in VDR gene and an increased risk of asthma (Figure 5). The
graphical funnel plots of case and control group for VDR gene
FoklI, Apal and Taql in both the allele and dominant models,
as well as rs3782905 in dominant models presented asymmet-
ric and Egger’s test suggested for significant heterogeneity (all
P < 0.05) (Figure 6). The funnel plots for VDR gene rs3782905
in allele model were symmetrically distributed and the Egger’s
test indicated no publication bias existed (P = 0.144).

Discussion

Previous studies involving genetic associations between VDR
polymorphisms and asthma are conflicting, and the role of
VDR polymorphisms remained unclear, likely due to limited
sample size, lifestyle differences and geographic variations
[20,38]. To overcome the limitations of individual studies,
we performed meta-analysis by combining data from pub-
lished studies to estimate the associations of Fok I, Apa I,
Taq I, rs3782905 polymorphisms in VDR gene with asthma
susceptibility. Moreover, the clear association between VDR
polymorphisms and asthma risk contributes to the increased
understanding of genetic and asthma pathogenesis and sheds a
little light for further studies. Our analyses suggested that Fok
I, Apa I, Taq I, rs3782905 polymorphisms in VDR gene may
contribute to asthma susceptibility, which implied that VDR
polymorphisms might be, directly or indirectly, involved in
mechanisms related to asthma.

VDR gene is considered as a pleiotropic gene, associated
with multiple autoimmune, inflammatory, and allergy dis-
eases [39]. Our conclusions are supported by previous studies
which identified the linkage between VDR polymorphisms and
asthma and suggested that VDR plays a role in the develop-
ment of asthma [18]. FokI, Apal, Taql and rs3782905 have pre-
viously been associated with atopic diseases, such as allergic
asthma [40,41]. Several articles regarding the VDR SNPs with
lung function showed that FokI polymorphism in VDR may
contributes to increased risk of tuberculosis and Taql, Bsml
and Apal gene polymorphism are associated with the risk of
lung cancer [42,43]. As the common polymorphic sites in VDR,
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Figure 4. Meta-regression analysis on potential sources of heterogeneity in present meta-analysis investigates Vitamin D Receptor polymorphisms con-
tribute to an increase risk for asthma susceptibility (A, Year; B, Country; C, Ethnicity; D, Sample; E, SNP; F, Method).

Apal and Taql sites have been shown to influence gene tran-
scription and mRNA stability [44]. For the Taql polymorphism,
our findings are also in concordance with the results of Maalmi
H, which reported association between this polymorphism and
asthma in African [19].

A previous study identified that the VDR Taql ‘T’ allele
was related with obesity, as well as elevated triglyceride
levels and HDL levels, both of those two increased levels
suggest an exacerbation of lipid accumulation and develop-
ment of atherosclerosis [45]. The polymorphisms of Apal and
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Table 3. Meta-regression analysis of potential sources of heterogeneity in present meta-analysis investigating the association between Vitamin D Receptor

polymorphisms and increase risk for asthma susceptibility.

95% C1

Heterogeneity

factors Coefficient SE P (Adjusted) LL UL
Year 0.015 0.034 0.45 0.961 —0.093 0.124
Country 0.226 0.122 1.85 0.248 —0.162 0.614
Ethnicity 0.194 0.16 1.21 0.626 —0.316 0.704
Method 0.033 0.15 0.22 0.999 —0.611 —0.679
SNP —0.149 0.085 —1.73 0.311 —0.423 0.124
Sample —0.001 0.001 —-13 0.563 —0.001 0.001

Notes: SE: Standard Error; LL: Lower Limit; UL: Upper Limit.

FokI are known restriction sites, suggesting they exert their
effect through regulation on gene expression [17]. Studies
demonstrated that FokI polymorphisms could interfere with
transcription factors in immune-mediated diseases and were
found to be significantly associated with decreased pulmonary
functions, increased asthma severity, and uncontrolled disease
status in addition to elevated IgE levels and hypovitaminosis D,
suggesting that Fokl mutation conveys an immunoregulatory
effect through alternation in vitamin D metabolism [14,17].

VDR and its ligand 1.25 (OH)2D and the retinoid X recep-
tor (RXR) generate an heterodimer which bind to the vitamin D
response element play a regulating loop on vitamin D metabo-
lites levels [19]. The change of a single Fok I restriction site
can result in the alteration of ATG start cordon in the VDR and
the alternations happened in the rs1544410 site can lead to sig-
nificant influence on protein expression [15,21]. The potential
mechanism for the association between polymorphisms in VDR
and asthma risk may be explained by the fact that both vita-
min D and VDR have significant anti-inflammatory and anti-
infectious functions [46,47]. Specifically, genes encoding pro-
inflammatory and anti-inflammatory cytokines involved in the
development of airway inflammation are the targets of vita-
min D and reduced activity of VDR-dependent signaling path-
ways caused by VDR polymorphisms would ultimately influ-
ence the rate of transcription of these genes and then affect
asthma [15,48].

The Taql and Apal SNPs were considered to be associ-
ated with other functional polymorphisms, thus involving in
a complicated gene network, which may enhance or inhibit
the expression of VDR target genes. Moreover, VDR polymor-
phisms may influence the concentration of Vitamin D metabo-
lites, which may contribute to the regulation of vitamin D path-
way [49]. Vitamin D insufficiency is correlated with lower pul-
monary function, including forced expiratory volume in 1 sec-
ond and forced vital capacity [50]. Furthermore, Vitamin D
deficiency is considered as a risk factor for asthma and genetic
factors may also contribute to vitamin D deficiency status by
feedback loop regulation [51]. The vitamin D exerts its pro-
tective effect in asthma could by its immunomodulatory prop-
erties, which was proved to have effects on epithelial cell, T-
cell, B-cell, and dendritic cell functions, which are important
for innate and adaptive immunity [52].

In contrast to our results, a study by Kalthoum Tizaoui
demonstrated that no significant association was found
between Apal polymorphism and asthma risk [20]. The Apal

and Taql were found had no relation with asthma, which was
disagreement with our results [53]. The expressions of gene
depend on not only the variations of genetics, but also on eth-
nicity, environment factors and their complicated interactions
[54]. Despite environmental, cultural differences, the racial
morbidity and mortality disparities that exist in asthma sug-
gest a genetic influence [17]. The interactions between different
genes and/or environmental factors play a role in the action of
VDR [55]. Therefore, a possible explanation for these discrep-
ancies could be that ethnic characteristics, geographical differ-
ences and living habits might be the important reasons for these
inconsistent results.

Although genome-wide association studies found limited
information on the association between the four SNPs and
pathogenesis of asthma [46,48], our study found that significant
role of VDR SNP in pathogenesis of asthma. There are several
limitations that should be noted while interpreting the results.
First, only four polymorphisms in the VDR gene have been
studied, although there are several other functional VDR poly-
morphisms in the complex promoter region of the VDR gene.
Second, asthma is a disease in which both genetic and environ-
mental factors play important roles, and we could not account
for the environmental risk factors in this study. Third, the sam-
ple sizes in case group was slightly larger than that in the con-
trol group, which may have minimum influence on our overall
results. Moreover, although we investigated the four SNPs of
VDR in asthma, no cumulative effect of the combined SNPs
in asthma was investigated, which can be considered as a topic
for future studies. In addition, although IgE data were obtained
from each individual, we double-checked the included studies
and failed to find any information regarding the atopy strati-
fication on patients, which might confound SNP analysis and
limit the distinction of multiple phenotypes of asthma. Finally,
selection bias may have been introduced because the majority
of included studies were in Asian population.

In summary, we have identified that multiple VDR poly-
morphisms may contribute or combine together to increase the
susceptibility to asthma. We propose that VDR polymorphisms
may be considered as biomarkers for asthma susceptibility. Fur-
ther studies on the interactions between VDR polymorphisms
and related risk factors or the cumulative effect of combined
SNPs with asthma, involving a large sample size and compre-
hensive knowledge of genetic and environmental factors, may
strengthen our conclusions and elucidate new approaches for
asthma prevention and treatment.
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Figure 5. Sensitivity analysis in present meta-analysis investigates the single nucleotide polymorphisms of Vitamin D Receptor contribute to an increase
risk for asthma susceptibility (A, rs2228570 C>T; B, rs2228570 C>T; C, 157975232 A>C; D, 157975232 A>C; E, 1s731236 A>G; F, 18731236 A>G;
G, rs3782905 G>C; H, 153782905 G>C).
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Figure 6. Publication biases in present meta-analysis investigate the single nucleotide polymorphisms of Vitamin D Receptor contribute to an increase
risk for asthma susceptibility (A, rs2228570 C>T; B, rs2228570 C>T; C, rs7975232 A>C; D, 157975232 A>C; E, 15731236 A>G; F, rs731236 A>G;

G, 13782905 G>C; H, rs3782905 G>C).
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