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Summary. Background: As for the association of vitamin D receptor (VDR) gene

polymorphisms with susceptibility to pediatric asthma, results of published studies yielded

conflicts. A systematic review was conducted on the relationship between childhood asthma

and VDR gene polymorphisms, including ApaI (rs7975232), BsmI (rs1544410),

FokI (rs2228570), and TaqI (rs731236). Methods: PubMed, Web of Science, CBM (Chinese

Biomedical Database), CNKI (China National Knowledge Infrastructure), and Wanfang

(Chinese) database were searched for relevant studies. Pooled odds ratios (OR) with 95%

confidence interval (CI) were calculated. Results: Overall results suggested that there was a

statistically significant association between ApaI polymorphism and childhood asthma in

homozygote model (OR¼1.674, 95%CI¼1.269–2.208, P<0.001) and allele model

(OR¼1.221, 95%CI¼1.084–1.375, P¼0.001). Stratification by ethnicity revealed a

statistical association in Asians (OR¼1.389, 95%CI¼1.178–1.638, P<0.001). There was

some evidence of an association between BsmI polymorphism and childhood asthma in the

homozygote (OR¼1.462, 95%CI¼1.016–2.105, P¼0.041) and allele models (OR¼1.181,

95%CI¼1.006–1.386, P¼0.042). This association reached significance only in the

Caucasian group (OR¼1.236, 95%CI¼1.029–1.485, P¼0.023). For FokI, a statistical

association was detected in dominant model (OR¼1.281, 95%CI¼1.055–1.555, P¼0.012);

this association was significant in allele model (OR¼1.591, 95%CI¼1.052–2.405, P¼0.028)

in Caucasian. Conclusion: ApaI polymorphism plays a particular role in childhood asthma in

Asians. FokI polymorphism may be connected with pediatric asthma in Caucasian population.

And BsmI polymorphismmarginally contributes to childhood asthma susceptibility, while there

might be no association between TaqI polymorphism and childhood asthma risk. Pediatr

Pulmonol. 2016; 9999:XX–XX. � 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Asthma, one of the most common chronic respiratory
disorders among children, is characterized by airway
inflammation and hyper-responsiveness1 with typical
symptoms such as intermittent attacks of breathlessness,
wheezing, and coughing. In the last decade, there has been
an increasing prevalence of childhood asthma.2 A total of
7.1 million children were affected in the US.3 And it was
estimated that at least 250 thousand people died of asthma
annually in the early age.4 Several potential risk factors
were studied such as early-life exposure to ambient air
pollution,5 infancy microbial, and metabolic alterations,6

etc. Furthermore, a growing number of studies suggested
that the susceptibility to asthmawas influenced by genetic
background, including interleukin-17 gene,7 interleukin-
27 gene,8 and vitamin D receptor (VDR) gene.
Vitamin D not only plays a critical role in bones

primarily as a vitamin, but also influences the pathogene-
sis of immune-mediated disorders as a hormone.9 VDR is

correlated with the function of vitamin D for the most
part. As a transcriptional mediator, it regulates the effects
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of the active form of vitamin D 1,25-dihydroxyvitamin
D3 [1, 25(OH) 2D3]. Previous study showed that VDR
regulated gene expression in many cell types, including
immune cells.10 A series of restriction fragment length
polymorphisms (RFLP) in VDR gene have been reported,
including BsmI (rs1544410), ApaI (rs7975232),
FokI (rs2228570), TaqI (rs731236) restriction sites.11

Of these polymorphic sites, ApaI and BsmI have been
identified located in intron 8 and TaqI in exon 9. Both of
them at the 30 end of the VDR gene which is known to be
involved in regulation of gene expression through
regulation of mRNA stability and expression level12;
whereas the FokI in exon 2 which leads to a protein with
different size: the shorter form of the protein (424 amino
acids) beingmore active and abundant than the longer one
(427 amino acids).13

A number of studies have examined the potential
contribution caused by VDR genes to pediatric asthma
susceptibility. But the results of these articles have been
inconsistent due to small sample sizes, clinical heteroge-
neity, or a combination of above factors. To offset these
limitations, this meta-analysis was performed to investi-
gate whether VDR gene polymorphisms play a role in
childhood asthma.

METHODS

Identification of Eligible Studies

The Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) statement was consulted
to report this systematic review.14 Searches were
made electronically in PubMed, Web of Science, CBM
(Chinese Biomedical Database), CNKI (China National
Knowledge Infrastructure), and Wanfang (Chinese)
database (update to January 2016) with following
searching terms: (polymorphism�) and (VDROR vitamin
D receptor) and (wheeze or asthma) and (Child� or infant
or preschool or adolescent). The references quoted in
relevant articles were also reviewed for additional

publications. The languages were limited to English
and Chinese.

Inclusion Criteria

Studies should fulfill the following inclusive criteria:
(1) original study of human participants; (2) case–control
or cohort design; (3) allele or phenotype frequencies was
available; (4) genotype distribution in controls met the
Hardy–Weinberg equilibrium (HWE).

Exclusion Criteria

The exclusive criteria were as follows: (1) insufficient
data to ascertain the number of genotypes or odds ratio
(OR); (2) review or conference; (3) duplicate or
overlapping studies.

Data Extraction

Two investigators filtered the abstracts and collected
data independently. In case of any dispute, a third author
would assess these articles. The following characteristics
of selected articles are shown inTable1:first author, year of
publication, country, ethnicity, number of cases and
controls, genotyping method, and studied polymorphisms.

Statistical Method

Meta-analyses were calculated with the aid of STATA
11.0 software, and all of the data extracted from eligible
studies were calculated as OR and 95%CI in four models:
the allelic model (G vs. C), dominant model (GGþGC
vs. CC), recessive model (GG vs. GCþCC), and
homozygote model (GG vs. CC). Different genetic
backgrounds and environmental factors can affect the
sensitivity to particular genomic variants. To evaluate
ethnicity-specific effect, subgroup analyses were strati-
fied by ethnicity. HWE in control group of every study
was examined, and P< 0.05 was defined as departure
from HWE.

TABLE 1—Characteristics of the Studies Included in the Meta-Analysis

First author Year Country Ethnicity

Source of

control Case/control

Genotyping

methods

Studied

polymorphism HWE

Quality

scores

Saadi16 2009 China Asian HB 567/523 PCR-RFLP ApaI BsmI FokI TapI Y 6

Zhen23 2010 China Asian PB 30/40 PCR-RFLP ApaI Y 6

Pillai20 2011 America African-American HB 139/74 PCR-RFLP ApaI FokI TapI Y 7

Ismail21 2013 Egypt Caucasian PB 51/33 Allele-specific

PCR

FokI Y 6

Maalmi19 2013 Tunisia Caucasian HB 155/225 PCR-RFLP ApaI BsmI FokI TapI Y 6

Ma22 2014 China Asian PB 60/60 PCR-RFLP ApaI BsmI FokI TapI Y 7

Mo24 2015 China Asian PB 71/71 PCR-RFLP ApaI BsmI Y 8

Einisman18 2015 Chile Caucasian PB 75/227 PCR-RFLP ApaI FokI TapI Y 6

Papadopoulou17 2015 Cyprus Caucasian PB 190/671 PCR ApaI BsmI TapI Y 9

Hb, hospital-based; Pb, population-based.
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The heterogeneity of effects across individual studies was
evaluatedwith I2-statistic (0%< I2< 25%,noheterogeneity;
25%< I2< 50%,moderate heterogeneity; 50%< I2< 75%,
large heterogeneity; and 75%< I2< 100%, extreme hetero-
geneity).15 If the P-value of the heterogeneity test was more
than 0.10, the pooled OR was estimated by the fixed-effects
model; otherwise, a random-effects model was employed.
Moreover, Begg’s test andEgger’s testwere utilized to detect
the potential publication bias, which might exist when P-
value is less than 0.05. Toweigh the influence of every single
study on the pooled effects, sensitivity analysis was
performed.

RESULTS

Study Characteristics

The progress of selecting eligible studies was outlined
in Figure 1. A total of 80 potential relevant studies
consisting of 20 Chinese articles and 60 English papers
were retrieved initially. A total of nine studies were found
related VDR polymorphism to childhood asthma after
removal of duplicates and those studies did not meet
the inclusive criteria.16–24 There were eight studies on
ApaI (rs7975232),16–20,22–24 five on BsmI (rs15444
10),16,17,19,22,24 six on FokI (rs2228570),16,18–22 and six
involved TapI (rs731236)16–20,22 separately. The qualities
of included studies were estimated according to the
Newcastle–Ottawa scale. Main characteristics of individual
studies were summarized in Table 1.

ApaI Polymorphism and Childhood Asthma
Susceptibility

All eight studies encompassing 1,254 cases and 1,674
health controls examined the association of ApaI

polymorphism with childhood asthma. Results revealed
that an increased risk was observed in allele model (G vs.
A, OR¼ 1.221, 95%CI¼ 1.084–1.375, P¼ 0.001),
homozygote model (GG vs. AA, OR¼ 1.674, 95%
CI¼ 1.269–2.208, P< 0.001), dominant model (GGþ
GA vs. AA, OR¼ 1.199, 95%CI¼ 1.026–1.402,
P¼ 0.023), and recessive model (GG vs. GAþAA,
OR¼ 1.561, 95%CI¼ 1.201–2.030, P¼ 0.001) (Fig. 2
and Table 2). Subgroup analysis by ethnicity stratification
showed that there was a relationship in Asian population
(G vs. A, OR¼ 1.389, 95%CI¼ 1.178–1.638, P< 0.001)
(Table 3).

BsmI Polymorphism and Childhood Asthma
Susceptibility

Five studies determined the relationship between
BsmI polymorphism and susceptibility to childhood asthma
containing 2,541 subjects (1,031 cases and 1,510 controls).
This meta-analysis suggested an association in allele model
(T vs. C, OR¼ 1.181, 95%CI¼ 1.006–1.386, P¼ 0.042),
and homozygote model (TT vs. CC, OR¼ 1.462, 95%
CI¼ 1.016–2.105, P¼ 0.041), but not in other models
(TTþTC vs. CC, OR¼ 1.201, 95%CI¼ 0.940–1.533,
P¼ 0.142; TT vs. TCþCC, OR¼ 1.286, 95%CI¼
0.978–1.691, P¼ 0.072) (Fig. 2 and Table 2). In addition,
there was an association in Caucasian group (T vs. C,
OR¼ 1.236, 95%CI¼ 1.029–1.485, P¼ 0.023) (Table 3).

FokI Polymorphism and Childhood Asthma
Susceptibility

Six articles including 1,028 cases and 892 controls
identified a probable association in the dominant model
(GAþGG vs. AA, OR¼ 1.281, 95%CI¼ 1.055–1.555,
P¼ 0.012), also in allelemodel of Caucasian by ethnicity-
specific analysis (G vs. A, OR¼ 1.591, 95%CI¼ 1.052–
2.405, P¼ 0.028) (Table 3). In contrast, the recessive
model and homozygote models indicated negative results
(Fig. 2 and Table 2).

TapI Polymorphism and Childhood Asthma
Susceptibility

We analyzed 1,149 cases and 1,562 controls from six
records to assess the relationship between
TapI polymorphism and childhood asthma susceptibility.
Finally, not only four genetic models (Fig. 2 and Table 2),
but also subgroup analysis failed to demonstrate any
association (Table 3).

Sensitivity Analysis and Publication Bias

To assess the stability of the results, sensitivity analysis
was conducted by excluding each study sequentially.
Although, two pilot studies were included, statistical
results indicated that only one study22 was found to playFig. 1. Study flow diagram.
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an excessive role on the pooled OR, and it was limited to
the analysis of FokI polymorphism in allele model. There
was no evidence of heterogeneity according to Begg’s test
and Egger’s test (Table 2).

DISCUSSION

Based on previous report, Childhood asthma was
associatedwith several factors including intake of vitamin
D, eosinophilia, antibiotic exposure during pregnancy,
environmental exposures, and predisposition genes.25–28

The function of vitamin D is influenced by the mediation
of VDR gene.29 Therefore, there was accumulating
evidence about the association between pediatric asthma
and genetic polymorphism of VDR gene.16,30 ApaI, BsmI,
FokI, and TaqI were the most common four genes. But the
previous results yielded interference. And we performed
this meta-analysis to get a better understanding of these
contradictory results.
Four polymorphisms of VDR genewere investigated in

current meta-analysis. There were nine studies focusing
on the association of these geneswith childhood asthma in
case-control manner. A pooled analysis with a larger
sample size, subgroup analysis, sensitivity analysis, and
heterogeneity explore aimed to comprehend the conflicts
and association. Compared with previous independent

studies, our meta-analysis enhanced the statistical power
and drew a particularly instructive conclusion.
The pooled results suggested that that there was a

significant association between VDR gene rs7975232
polymorphism and childhood asthma susceptibility in
dominant model (OR¼ 1.2), recessive model (OR¼ 1.6),
co-dominant model (OR¼ 1.7), and allelic model
(OR¼ 1.2). And rs1544410 polymorphism marginally
associate with childhood asthma in co-dominant model
(OR¼ 1.5). Interestingly, it was at variance with the
finding of a previous study.31 It gave support for that
rs7975232 polymorphism was not candidate for suscepti-
bility to childhood asthma, while rs2228570, and
rs731236 polymorphisms contributed to asthma suscepti-
bility. Following reasons may account for the conflicting
results: (1) different ages and gender ratios affected the
results,32,33 especially when we focused on children; (2)
different studies used different genotyping methods and
study designs; (3) though pooled results were closer to the
real value, the small number of studies included in both
previous meta-analyses may lead to a little bias and
reduce the power of revealing the relationship.
Ethnicity-specific analysis suggested that the risk of

developing childhood asthma was almost 1.5-fold higher in
AsianswithApaI G allele (OR¼ 1.4 95%CI¼ 1.2–1.6), but
not inCaucasians andAfrican-Americans.When it comes to

Fig. 2. Odds ratios and 95%CI for each study and pooled data for the association between VDR

polymorphisms and childhood asthma.
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FokI, our study suggested that the G allele may increase the
asthma risk compared with the A allele (OR¼ 1.6 95%
CI¼ 1.1–2.4) in Caucasian population, but a lack of
association in Asians. Diverse roles of the same gene in
ethnicity-specific subgroup analysis might be attributed to
following aspects: firstly, ethnic differences resulted in the
inconsistent outcomes; furthermore, a number of autoim-
mune diseases containing asthma are caused by interactions

of environmental and genetic factors34,35; two things can not
be ignored are that small sample size of both ethnicity
groups and insufficiency of studies included (two in Asians,
three in Caucasian). A small sample size and limited small
number of studies in the ethnic groups may play noticeable
roles in the discrepancy between different ethnic groups.
ApaI polymorphismhasbeenproposed tobe associatedwith
childhood asthma susceptibility in Chinese.24 Similarly,

TABLE 2—Summary of OR and 95%CI for Association Between ApaI, BsmI, FokI, and TaqI Gene Polymorphisms and
Childhood Asthma Risk

Test of association Test of heterogeneity

OR(95%CI) Z P x2 P I2 (%) Model Begg’s test (P) Egger’s test (P)

ApaI

G versus A 1.221 (1.084–1.375) 3.29 0.001 12.86 0.076 45.5 F 0.711 0.836

GAþGG versus AA 1.199 (1.026–1.402) 2.28 0.023 13.08 0.070 46.5 F 0.536 0.693

GG versus AAþGA 1.561 (1.201–2.030) 3.32 0.001 5.77 0.567 0.0 F 0.711 0.654

GG versus AA 1.674 (1.269–2.208) 3.65 <0.001 6.71 0.460 0.0 F 0.711 0.755

BsmI

T versus C 1.181 (1.006–1.386) 2.03 0.042 1.75 0.782 0.0 F 0.462 0.366

TCþTT versus CC 1.201 (0.940–1.533) 1.47 0.142 5.54 0.236 27.8 F 0.462 0.840

TT versus TCþCC 1.286 (0.978–1.691) 1.80 0.072 2.42 0.489 0.0 F 0.308 0.192

TT versus CC 1.462 (1.016–2.105) 2.04 0.041 4.25 0.236 29.4 F 0.308 0.228

FokI

G versus A 1.181 (0.863–1.618) 1.04 0.299 18.19 0.003 72.5 R 1.000 0.781

GAþGG versus AA 1.281 (1.055–1.555) 2.50 0.012 5.90 0.316 15.2 F 0.707 0.874

GG versus GAþAA 1.174 (0.528–2.610) 0.39 0.694 16.63 0.002 76.0 R 0.462 0.639

GG versus AA 1.324 (0.562–3.121) 0.64 0.522 15.99 0.003 75.0 R 0.462 0.701

TapI

T versus C 0.865 (0.652–1.146) 1.01 0.312 15.29 0.009 67.3 R 0.260 0.201

TCþTT versus CC 1.027 (0.846–1.246) 0.27 0.790 3.32 0.651 0.0 F 0.133 0.121

TT versus TCþCC 0.934 (0.493–1.767) 0.21 0.833 13.18 0.022 62.1 R 0.707 0.940

TT versus CC 0.980 (0.701–1.369) 0.12 0.905 9.50 0.091 47.4 F 0.707 0.846

F, fixed effects model; R, random effects model.

TABLE 3—Ethnicity-Stratification Analyses of the Genetic Susceptibility to Childhood Asthma

Test of association Test of heterogeneity

Polymorphisms Population No. of studies OR(95%CI) Z P Model x2 P I2 (%)

ApaI(rs7975232) G versus A Overall 8 1.221 (1.084–1.375) 3.29 0.001 F 12.86 0.076 45.5

Asian 4 1.389 (1.178–1.638) 3.91 <0.001 F 5.44 0.142 44.9

Caucasian 3 1.107 (0.918–1.335) 1.06 0.288 F 1.31 0.520 0.0

African-American 1 0.831 (0.530–1.301) 0.81 0.417 NA NA NA NA

BsmI(rs1544410) T versus C Overall 5 1.181 (1.006–1.386) 2.03 0.042 F 1.75 0.782 0.0

Asian 3 1.018 (0.732–1.416) 0.11 0.914 F 0.23 0.892 0.0

Caucasian 2 1.236 (1.029–1.485) 2.27 0.023 F 0.51 0.477 0.0

FokI(rs2228570) G versus A Overall 6 1.181 (0.863–1.618) 1.04 0.299 R 18.19 0.003 72.5

Asian 2 0.793 (0.388–1.621) 0.64 0.525 R 7.08 0.008 85.9

Caucasian 3 1.591 (1.052–2.405) 2.20 0.028 R 4.14 0.126 51.7

African-American 1 1.172 (0.719–1.911) 0.64 0.524 NA NA NA NA

TapI(rs731236) T versus C Overall 6 0.865 (0.652–1.146) 1.01 0.312 R 15.29 0.009 67.3

Asian 2 0.980 (0.705–1.361) 0.12 0.902 F 0.59 0.444 0.0

Caucasian 3 0.859 (0.526–1.402) 0.61 0.544 R 12.72 0.002 84.3

African-American 1 0.688 (0.434–1.091) 1.59 0.112 NA NA NA NA

F, fixed effects model; R, random effects model; NA, not available.
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another study in Chinese population showed significant
difference in allele frequency of ApaI polymorphism
between patients and controls.23 However, Ma et al.22

suggested no statistically significant difference between
patients and controls. Owing to that few studies focused on
these polymorphisms in Chinese population, these results
might be unreliable and should be treated with caution.
VitaminD is significantly associatedwith lung function

in children with a dose-response effect,36 and bronchial
inflammation is also possibly regulated by vitamin D.37

Zheng et al.38 found that 1,25-dihydroxyvitamin D3 as an
intermediary could reduce airway inflammatory reaction
significantly in pig models. Combination of the previous
and present data led tentatively to the prediction that VDR
gene ApaI polymorphism down-regulate VDR gene
expression, then less 1,25-dihydroxyvitamin D3 would
combine with VDR. Ultimately, it led to deteriorative
control of inflammatory in pediatric asthma.
Several potential limitations of this study should be

noted. First, although no publication bias was detected
by several statistical methods, it still could exist as a
result of that only published articles were included.
Language bias should not be ignored, because our
literature search was based on English and Chinese.
Second, some factors such as different disease status,
gender ratio and genotyping method might affect the
integration and data interpretation of the included
studies. Thirdly, limited number of studies resulted in
insufficient statistical power. Finally, insufficient origi-
nal data prevented us from investigating other potential
risk factors, for example, gene–environment interaction.
In summary, results from thismeta-analysis suggested that

VDR gene ApaI polymorphism was significantly associated
with the increased risk of childhood asthma in Asians. There
might be correlation between FokI polymorphism and
pediatric asthma inCaucasian.BsmI ismarginally associated
with childhood asthma susceptibility; while no significant
association between TaqI polymorphism and childhood
asthma risk was identified.
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