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SYSTEMATIC REVIEW AND META-ANALYSIS

The Associations Between the Polymorphisms of Vitamin D
Receptor and Coronary Artery Disease

A Systematic Review and Meta-Analysis

Shuai Lu, MB, Shizhe Guo, MB, Fen Hu, MD, Yushu Guo, MB, Lianhua Yan, MD, Wenhan Ma, MD,
Ya Wang, MD, Yuzhen Wei, MD, Zhaoyun Zhang, MD, and Zhaohui Wang, MD

Abstract: Vitamin D receptor (VDR) polymorphisms were indicated
to be associated with coronary artery disease (CAD); however, pub-
lished studies reported inconsistent results.

The aim of this meta-analysis is to reach a more accurate estimation
of the relationship between VDR genetic polymorphisms and CAD risk.

Eligible studies were retrieved by searching PubMed, Embase, VIP,
Wanfang and China National Knowledge Infrastructure databases.
Included and excluded criteria were formulated. The case group
was patients with CAD, and the control group was healthy subjects.
Summary odds ratios (ORs) and 95% confidence intervals (Cls) were
used to evaluate VDR polymorphisms associations with CAD risk.
Heterogeneity was evaluated by Q statistic and /> statistic.

Seven studies of a total 0of 2306 CAD patients and4151 control subjects
met the inclusion criteria. The pooled results from Taql showed increased
risk in allelic model (OR = 1.14, 95% CI=1.02—1.28), dominant model
(OR =1.21, 95% CI = 1.02—1.43), heterozygote model (OR =1.19, 95%
CI=1.00-1.1.42), and homozygote model (OR = 1.27, 95% CI=1.01-
1.61). Besides, Fokl T>C showed decreased risk in allelic model
(OR =0.81,95% CI=0.65-1.00) and Fok1 A > G also showed decreased
risk in allelic model (OR=0.67, 95% CI=0.45-1.00) and recessive
model (OR=0.55, 95% CI=0.31-0.97). In Caucasian subgroup,
Bsmlshowed increased risk in allelic model (OR=1.23, 95%
CI=1.02-1.47), heterozygote model (OR=120, 95% CI=1.00—
1.44), and homozygote model (OR=1.22, 95% CI=1.02—1.45). In
CAD patients with type 2 diabetes mellitus (T2DM), Apalshowed a
decreased risk in heterozygote model (OR=0.80, 95% CI=0.66—
0.98); however, increased risk in recessive model (OR=5.00, 95%
CI=2.74-9.13) was discovered in CAD patients without T2DM.
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The Fok! polymorphism may play a protective role in CAD, and the
possible protective role in Apal CA genotype in CAD patients with
T2DM needs further studies. The Taql polymorphism is found to be
associated with a significant increase in CAD risk based on our analysis;
moreover, increased risk in Apal polymorphism in CAD patients without
T2DM and Bsm1 polymorphism in Caucasian group is also detected.

(Medicine 95(21):€3467)

Abbreviations: CAD = coronary artery disease, CI = confidence
interval, HWE = Hardy—Weinberg equilibrium, OR = odd ratio,
SNP = single-nucleotide polymorphism, T2DM = type 2 diabetes
mellitus, VDR = vitamin D receptor.

INTRODUCTION

oronary artery disease (CAD) is the most common cause of

death in developed countries and the second most common
cause of death in developing country. The morbidity and
mortality of CAD patients and the risk factors of CAD have
substantially increased.' > Many factors 4play important roles in
the pathogenesis of CAD such as age,* gender,’ region® and
genetic factors also affect the occurrence of CAD.”® The SNPs
in vitamin D receptor (VDR) were found to be a potential risk
factor of CAD, which might be associated with a low level of
vitamin D in CAD patients, but the exact mechanism underlying
the influence of VDR Pollymorphisms on the pathogenesis of
CAD is still unknown.'* ™

The vitamin D endocrine system is involved in a wide
variety of biological processes including bone metabolism, regu-
lation of cell proliferation, and differentiation and modulation of
immune responses.'> Both vitamin D and vitamin D receptor
(VDR) play an important role in the skeletal metabolism. VDR
gene belongs to the steroid hormone family of nuclear receptors
which are responsible for the transcriptional regulation of a
number of hormone responsive genes. The gene encoding the
VDR is located at chromosome 12q and has 4 common poly-
morphisms. Four VDR polymorphisms Fok1, Bsml, Apal, and
Taql were well characterized.'® Polymorphisms within the VDR
gene might potentially influence the expression of vitamin D
receptor gene and the stability of VDR mRNA. "3

More recent attention has been focused on the possible role
of VDR gene polymorphisms in the development of a range
of diseases, including osteoarthritis,'” Parkinson disease,'®
diabetes,'” as well as CAD.>*?! However, the results of
VDR gene polymorphisms in CAD are inconsistent. He and
Wang'? reported an association between VDR Fokl and CAD
in Chinese, but Pan et al'* found opposite. Van Schooten et al'*
found an association between VDR Bsm1 polymorphism and
coronary artery disease (CAD) in the Netherlands, while
Ortlepp et al** reported no association on the CAD in Germany.
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The small numbers and various populations of the published
studies may partially account for the controversial results. This
meta-analysis therefore aims to pool current evidence together
for better understanding of the potential associations between
the VDR gene polymorphisms and CAD.

METHODS

The systematic review was written in adherence to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analyses) checklist.”® Ethical approval was not
necessary according to local legislation because of the type
of study (meta-analysis).*

Identification of the Related Studies

Embase, PubMed, VIP, Wanfang and China National
Knowledge Infrastructure databases were thoroughly searched
in August 2015 by the first 2 investigators to identify potential
studies addressing the associations between the VDR poly-
morphisms and coronary artery disease. The terms ‘“‘coronary
artery disease,” ‘‘coronary heart disease,” “‘vitamin D recep-
tor,” “VDR,” “polymorphism,” and ‘““polymorphisms™ were
used. The missing data (the data that we failed to identify during
the electronic search) were obtained by reviewing the citations
of review articles and all eligible studies.

9 <

Inclusion and Exclusion Criteria

Studies in the meta-analysis must meet the following
inclusion criteria: evaluation of the association between VDR
polymorphisms and coronary artery disease; case-control study
or cohort design; detailed genotype data could be acquired to
calculate odds ratios (ORs) and 95% confidence intervals (Cls);
exclusion criteria: duplication of previous publications; com-
ment, review and editorial; study with no detailed genotype
data. The selection of the studies was achieved by 2 investi-
gators independently, according to the inclusion and exclusion
criteria by screening the title, abstract and full-text. Any dispute
was solved by discussion.

Data Extraction

From each study, the following data were independently
extracted by the first 2 investigators using a standardized form:
first author’s last name, year of publication, study country,
ethnicity, genotyping methods, the criteria of CAD, Hardy-Wein-
berg equilibrium, number of cases and controls, genotype fre-
quency in cases and controls for VDR. Different ethnicity
descents were classified as Caucasian and Asian. Disagreements
were resolved through discussion with a 3rd investigator (FH).

Statistics Analysis

Hardy—Weinberg equilibrium (HWE) was evaluated for
each study by x” test in control groups, and P <0.05 was
considered a significant departure from HWE. Odds ratio
(OR) and 95% confidence intervals (CIs) were calculated to
evaluate the strength of the association between VDR polymorph-
isms and CAD. Pooled ORs were performed for allelic model
(Fok1: C versus T and G versus A; Bsm1: A versus G; Apal: C
versus A;Taql: C versus T), heterozygote model(Fok1:CT versus
TT and GA versus AA; Bsm1: AG versus GG; Apal: CA versus
AA;Taql: CT versus TT), homozygote model (Fok1:CC versus
TT and GG versus AA; Bsm1: AA versus GG; Apal: CC versus
AA;Taql: CC versus TT), dominant model (Fokl:CC+ CT
versus TT and GG + GA versus AA; Bsml: AA + AG versus
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GG; Apal: CC+ CA versus AA;Taql: CC+CT versus TT),
recessive model (Fokl: CC versus CT+TT and GG versus
GA+ AA; Bsml: AA versus AG+ GG; Apal: CC versus
CA + AA;Taql: CC versus CT 4 TT), respectively. The statisti-
cally significant level was determined by Z-test with a P value less
than 0.05. Heterogeneity was evaluated by Q statistic (signifi-
cance level of P<0.1) and I statistic (greater than 50% as
evidence of significant inconsistency). Heterogeneity between
studies was evaluated with the /° test, and a higher P values means
higher levels of heterogeneity (I* > 90%: extreme heterogeneity;
P=170% to 90%: large heterogeneity; I* = 50% to 70%: mod-
erate heterogeneity; I~ < 50%: no heterogeneity). In heterogen-
eity evaluation, when the P <50%, the fixed-effects model would
be used; if the I>=350% to 90%, a random-effects model was
used; if the P >90%, the studies would not be pooled. Whenever
heterogeneity was significant, sensitivity analysis was performed
to detect the heterogeneity by omitting each study in each turn.
Besides, subgroup analyses were stratified by ethnicity (Cauca-
sian, Asian) and medical complication (with or without type
2 diabetes mellitus). Publication bias was not detected because
the number of studies included was less than 10.*° Review
Manager, Version 5.3 (The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark) was used for
all analyses.

RESULTS

Characteristics of the Included Studies

One hundred fifty-eight articles were obtained by online
and manual search. After removing duplicates and screening
title and abstract, 8 independent studies that contained detailed
genot pe distribution data were included, among which 1
study™ was excluded because the genotype distributions of
the control group departed from HWE. Finally, a total of
7 studies from 6 published articles,'®"'**%27 involving 2306
cases and 4151 controls were included in this meta-analysis
(Table 1) (seen in the flow chart).

Meta-Analysis Results

Table 2 shows the main results of this meta-analysis and
the heterogeneity of the VDR Apal, Bsml, Fokl and Taql
polymorphisms and CAD. For the 4 polymorphisms, Fok1 and
Taql showed significant associations between the polymorph-
isms and CAD based on combined results from all studies, but
Apal and Bsm1 did not show any significance. The Fokl SNP
has 2 kinds of polymorphisms, which are T > C and A > G. Our
results showed that Fokl T > C polymorphism was associated
with decreased risk of CAD in allelic model (C vs. T:
OR=0.81, 95% CI=0.65-1.00, P,=0.29) (Figure 1), and
Fokl A > G polymorphism was also associated with decreased
risk of CAD in allelic model (G vs. A: OR=0.67, 95%
CI=0.45-1.00, heterogeneity: not applicable) and recessive
model (GG vs. GA+AA: OR=0.55, 95% CI=0.31-0.97,
heterogeneity: not applicable). The Taql T > C polymorphism
was associated with increased risk of CAD in allelic model (C
vs. T: OR=1.14, 95% CI=1.02—-1.28, P;,=0.79), dominant
model (CC+CT vs. TT: OR=1.21, 95% CI=1.02-1.43,
P, =0.87), heterozygote model (CT vs. TT: OR=1.19, 95%
CI=1.00-1.1.42, P,=0.89) and homozygote model (CC vs.
TT: OR=1.27,95% CI=1.01-1.61, P, =0.80) (Figure 2). As
stratified by ethnicity, our results showed that Bsml poly-
morphism was associated with increased risk of CAD in allelic
model (A vs. G: OR=1.23, 95% CI=1.02-1.47, P,=0.15),

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Characteristics of CAD Studies Included in the Meta-Analysis

First Author/ Study CAD
Publication Year Country Ethnicity (Case/Control) Method HWE P Value
Apal
Ferrarezil (DIABHYCAR) 2013 France Caucasian 483/2654 PCR 0.091
Ferrarezil (NCH) 2013 France Caucasian 230/483 PCR 0.283
He 2015 China Asian 215/67 PCR 0.955
Maaty 2014 Egypt Caucasian 137/58 PCR 0.084
Bsml
Orelepp 2001 Germany Caucasian 217/76 PCR 0.136
Orelepp 2003 Germany Caucasian 2087/1354 PCR 0.002
Pan 2009 China Asian 152/212 PCR-RFLP 0.285
Ferrarezil (DIABHYCAR)2013 France Caucasian 483/2654 PCR 0.649
Ferrarezil (NCH) 2013 France Caucasian 230/483 PCR 0.176
Fokl
Pan 2009 China Asian 152/212 PCR-RFLP 0.270
Nezhad 2014 Iran Asian 642/118 PCR-RFLP 0.136
He 2015 China Asian 215/67 PCR 0.234
Taql
Ferrarezil (DIABHYCAR)2013 France Caucasian 483/2654 PCR 0.953
Ferrarezil (NCH) 2013 France Caucasian 230/483 PCR 0.184
He 2015 China Asian 215/67 PCR 0.801
Maaty 2014 Egypt Caucasian 137/58 PCR 0.637

CAD =coronary artery disease, HWE =Hardy—Weinberg equilibrium, PCR =polymerase chain reaction, PCR-RFLP = polymerase chain

reaction-restriction fragment length polymorphism.

heterozygote model (AG vs. GG: OR =1.20, 95% CI=1.00—
1.44, P,=0.87) and homozygote model (AA vs. GG:
OR=1.22, 95% CI=1.02-1.45, P,,=0.84) among Caucasian
(Figure 3). As stratified by medical complications, our results
showed that Apal polymorphism was associated with a decreas-
ing risk in heterozygote model (CA vs. AA: OR =0.80, 95%
CI=0.66-0.98, P,=0.31) from the CAD with T2DM sub-
group, compared with CAD without T2DM group, there was an
increased risk in recessive model (CC vs. CA + AA: OR =5.00,
95% C1=2.74-9.13, P,=0.13).

Test of Heterogeneity and Subgroup Analysis
The heterogeneity test showed that heterogeneity was
significant in Apal, Bsml, and Taql but not in Fokl poly-
morphism (as shown in Table 2). To explore the potential
sources of heterogeneity among studies, we evaluated the
pooled ORs under all comparisons via subgroup. In the sub-
group analysis by ethnicity, the heterogeneity of Bsml was
reduced in allelic model (A vs. G: P=0.150, I* =47%) and
dominant model (AA + AG vs. GG: P=0.540, P =0%), but
the heterogeneity of Apal was significant in both Asian and
Caucasian studies. When stratified by source of medical com-
plications, heterogeneity of Apal was reduced in CAD with
T2DM studies, especially in CAD without T2DM studies. The
heterogeneity of recessive model in Taql polymorphism was
significant (CC vs. CT +TT: P=0.000, > =97%). No matter
stratified by source of ethnicity or medical complications, the
heterogeneity was still significant (shown in Table 2). When we
analyzed the original manuscripts repeatedly, we found some-
thing related. In the study of He et al,'® the frequencies of Taq1-
CC genotypes are low in Chinese, which resulted in no CC
genotypes in patients and controls and may cause remarkable

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

heterogeneity when pooled with other studies. In the study of
Ferrarezi et al,?” 2 different T2DM cohorts were included and
the degree of CAD was assessed in different manner which
would cause the difference in CC-genotypes patients and con-
trols. In another study of Abu El Maaty et al,'' females were not
included in the cohort, which would lead to the change in CC-
genotype distribution.

Sensitivity Analysis

Sensitivity analysis was performed by sequentially omit-
ting 1 individual study at a time; in order to reflect the influence
of each study on the overall meta-analysis. For only 2 studies
about Fok1 T > C polymorphism and 1 study about Fokl A > G
polymorphism, no heterogeneity was observed in the Fokl
polymorphism (data not shown). As shown in Figures 4 to 6,
sensitivity tests suggested that no single study greatly influ-
enced the estimates of overall risk for VDR Apal, Bsml, and
Taql polymorphisms, thus the results of our meta-analysis
were stable.

DISCUSSION

CAD is a major type of heart disease and a global health
problem bedeviling an increasing number of people.*® Vitamin
D’s relationship with CAD has been a highly investigated theme
in the past decade. Whether on an epidemiological or a mol-
ecular level, vitamin D has been repeatedly demonstrated to
positively influence cardiovascular health.'”?° VDR is an
important regulator of vitamin D pathway, which involves
the conversion of serum 25-hydroxyvitamin D into the active
hormone, l,25-dihydrox%fvitamin D. VDR is required for the
functions of vitamin D.>* VDR harbors 4 known functional

www.md-journal.com | 3
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Odds Ratio Odds Ratio
Study or Subgroup  Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Nezhad 2014 48.3%  0.71[0.51,0.99] ——
Pan 2009 51.7%  0.90[0.67,1.21] ——
Total (95% CI) 100.0%  0.81[0.65, 1.00] el

Total events

Heterogeneity: Chi*=1.12,df=1 (P=0.29), F=11%

Test for overall effect. Z=1.92 (P = 0.05)

I

05 07 1 15 2
protective risky

FIGURE 1. Forest plot of CAD risk associated with the C allele compared with the T allele in VDR Fok1 polymorphism. Cl = confidence

interval, OR=odd ratio.

polymorphisms and these polymorphisms have been intensively
investigated.'®

On the basis of 2306 patients with CAD and 4151 control
subjects, we analyzed the associations between VDR poly-
morphisms and CAD risk by means of meta-analysis, a widely
used quantitative approach that could provide strong evidence
for SNP associations. Four common allelic polymophisms were
analyzed in our study, which were polymorphisms of Apal,
Bsml, Fokl, and Taql. The result shows significant associ-
ations between the VDR polymorphisms and CAD risk.

The meta-analysis of Bsm1 polymorphism showed a 19%
increase in CAD risk in dominant model in pooled studies. In
the stratified analysis by ethnicity, increased risk of CAD was
suggested in Caucasian populations, the A-allele had a 23%
increased risk of CAD against G-allele, the AA and AG
genotypes increased CAD risk by 56% and 20% versus GG
genotype, respectively. A 25% increased risk of CAD was also
observed in dominant model, but no effect modification was
indicated in Asians. The allele of the Bsml polymorphism
located between intron 8 of the VDR gene and exon 9, which
has the linkage disequilibrium (LD) among other genes in
different ethnic population groups. This special feature may
be the reason for no associations in Asians. For the Taql
polymorphism, the result showed increased risk with CAD
ranging from 14% to 27% under allelic model, dominant model,
heterozygote model, and homozygote model. The heterogeneity
of recessive model was so high that it could not be pooled for
meta-analysis. For the Apal polymorphism, a 20% decreased
risk was discovered in heterozygote model from CAD with
T2DM subgroup, which suggested that Apal CA genotype
might have a protective effect in CAD with T2DM and needed
to be confirmed by studies with lager sample sizes. Besides, an
obvious increased risk of CAD was observed in recessive model
from CAD without T2DM subgroup. The polymorphism of
Fok1 has 2 different gene polymorphisms. For the Fokl T > C
polymorphism, a 19% decreased risk was found in allelic
model. A 33% and 45% decreased risk of CAD were discovered

in allelic model and recessive model in the Fokl A > G poly-
morphism respectively, which suggested that Fokl allele-C,
allele-G, and GG genotype may contribute to a protective effect
in CAD.

Our results showed a protective effect both in Apal and
Fokl polymorphisms. For the polymorphism of Apal, the
protection from CAD was discovered in CA genotype in the
subgroup of CAD with T2DM, which was adverse to the results
reported by Ferrarezi et al.>” The same protective effect of Apal
polymorphism was observed in follicular carcinoma from the
results of Penna-Martinez et al.*' In his study, the association
between 25(OH) D (3) and 1, 25(OH)(2)D(3) plasma levels and
Apal polymorphism was analyzed. Although no association
was found, the study provided a possible way to decipher the
protective role of Apal polymorphism. However, the relation-
ship between the level of 1, 25-dihydroxyvitamin D and the
polymorphism of Apal was not estimated in the study of
Ferrarezi et al. Since VDR plays a role in the vitamin D
signaling pathway, it could be hypothesized that Apal poly-
morphism may modify the risk for coronary artery disease,
either by direct vitamin D effects or through gene—gene or
gene—environment interactions. So we need more studies to
investigate the potential mechanism of the protective role of
Apal polymorphism in CAD. As for the Fok1 polymorphisms,
the protective effect was observed in different alleles and
genotypes, which indicated a strong protective effect of Fokl
polymorphism in CAD. Fokl in exon 2 consists of a T to C
change, which seems to cause gene-specific and cell type-
specific effects. Some genes and some cell types will be more
sensitive to the effect of the polymorphism than others.'?
Several studies have demonstrated that a wide variety of cells
express VDR, suggesting that vitamin D may be involved in
regulating different cellular processes, including proliferation,
differentiation, and migration 2% that are involved in the
progression of CAD.* Thus, it is likely the Fok1 polymorphism
has a functional role in CAD indirectly via vitamin D
deficiency. The result from Hossein-Nezhad et al showed

Odds Ratio Odds Ratio
Study or Subgroup Weight M-H, Fixed, 95% CI M-H, Fixeﬁi 95% CI
Ferrarezil(DIABHYCAR)2013 B67.9% 1.10[0.96,1.27]
Ferrarezil (NCH) 2013 24 5% 1.20[0.96, 1.51] Y B
He 2015 1.1% 1.59[0.53,4.72]
Maaty 2014 6.5% 1.28 [0.83, 1.98) I
Total (95% Cl) 100.0%  1.14[1.02, 1.28] &
Total events
Heterogeneity: Chi*=1.03, df=3 (P=0.79); F= 0% 02 05 3 :

Testfor overall effect: Z= 2.31 (P=0.02)

protective  risky

FIGURE 2. Forest plot of CAD risk associated with the C allele compared with the T allele in VDR Taq1 polymorphism. Cl = confidence

interval, OR=odd ratio.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Odds Ratio Odds Ratio
Study or Subgroup Weight M-H, Random, 95% Cl | I 95% Cl
1.5.1 Asian
Pan 2008 100.0% 0.66[0.12, 3.65] l I
Subtotal (95% Cl) 100.0% 0.66 [0.12, 3.65]
Total events
Heterogeneity: Mot applicable
Test for overall effect. Z=0.48 (P = 0.63)
1.5.2 Caucasian
Ferrarezil(DIABHYCAR)2013  47.1% 1.27 [0.96, 1.70] T
Ferrarezil (NCH) 2013 35.5% 1.37[0.86, 2.19] & e
Orelepp 2001 17.4% 3.57 [1.48, 8.59] = T
Subtotal (95% CI) 100.0% 1.56 [1.01, 2.42] o
Total events
Heterogeneity. Tau®= 0.08; Chi*= 4.79, df=2 (P = 0.09), P= 58%
Test for overall effect. Z= 2.01 (P = 0.04)

02 05 2 5

protective risky

Test for subaroun differences: Chi*=0.92.df=1 (P=0.34). F=0%

FIGURE 3. Forest plot of CAD risk associated with the AA genotypes compared with the GG genotype in VDR Bsm1 polymorphism in
subgroup analysis of ethnicity. Cl=confidence interval, OR = odd ratio.

vitamin D deficiency was less common in patients with CC
genotype, which implied a protective role of C allele in CAD.
As for the polymorphism of Fokl A > G, there was only 1 study
investigating the relationship between Fok1 polymorphism and

Heterozygote genetic model(CA VS AA)

Meta-analysis estimates, given named study is omitted
& Ests

I Lower CI Limit < I Upper CI Limit
FemarezDIABHY GAR)2013
Femmarezil (NCH) 2013 [ENPRPRBIPSEN (S-SR P
Maaty 2014 [ O (O
He 2015 T
0.3 0.89 0.97 1.05 112
A Dominant genetic model (CC+CA VS AA)
Meta-analysis estimates, given named study is omitted
I Lower CI Limit < Estimate I Upper CI Limit
FemarezDIABHY CAR)2013
Fermarezil (NCH) 2013 I P
Maaty 2014 R siias s vnsiivnsin sisi o s o itvaw et wisiv e i v
He 2015 |
c 0.8 0.91 .97 104 108

CAD risk, which showed patients with Fok1-GG genotype had a
higher HDL as compared with those with Fokl AA and AG
genotype and supported the hypotheses that VDR Fok1-GG
genotype may predict a low risk for CAD.'® Although the

Homozygote genetic model (CC VS AA)

Meta-analysis estimates, given named study is omitted
Estimate

|Lower Cl Limit o | Upper CI Limit
Femarezil (NCH? 2013 U] N~ SRR (NS
Masty 2014 I |
He 2015 pal
0.75 0.8 0.95 1.08 115
B Allelic genetic model (C VS A)
Meta-analysis estimates, given named study s omitted
|Lower Cl Limit O Estimate | Upger CI Limit
Fermarezil (NCH> 2013 | a
Maaty 2014 I i
He 2015 |
D 0.8 0.91 0.97 104 107

FIGURE 4. Influence analysis of Apal polymorphism and CAD risk. A, Heterozygote genetic model analysis. B, Homozygote genetic
model analysis. C, Dominant genetic model analysis. D, Allelic genetic model analysis.
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Heterozygote genetic model (AG VS GG)
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FIGURE 5. Influence analysis of Bsm1 polymorphism and CAD risk. A, Heterozygote genetic model analysis. B, Homozygote genetic
model analysis. C, Dominant genetic model analysis. D, Allelic genetic model analysis.

protective role in Fokl polymorphism was reported in some
studies, more researches are required to confirm it.

Increased risk was discovered in Bsm1, Apal, and Taql
polymorphisms in our results. A low vitamin D level is associ-
ated with increased cardiovascular morbidity and mortality in
the general population,® and vitamin D deficiency is more
prevalent in patients with CAD.?® Endothelial dysfunction is a
key factor in the pathogenesis of coronary artery disease.
Although the precise mechanism of how a low vitamin D level
influences CAD has not been fully delineated, vitamin D
deficiency may play an important role in endothelial dysfunc-
tion due to vitamin D’s functional roles in cellular proliferation
including different stages of the cell cycle, differentiation, and
apoptosis that could affect normal angiogenesis and endothelial
cell differentiation.?**%3%37 however vitamin D cannot act as
its physiological role without VDR, which plays an important
role in the conversion of serum 25-hydroxyvitamin D into the
active hormone, 1, 25-dihydrovitamin D. The 3 SNPs in VDR
gene may have an influence on the expression of VDR mRNA
and contribute to a low level of vitamin D in CAD patients.
Although genetic factors contribute substantially to the varia-
bility of circulating levels of 25(OH) D, with heritability
estimated to be 30% to 40%,**° whether Bsm1, Apal, Taql
polymorphisms have a functional role in increasing CAD risk
indirectly via vitamin D deficiency needs further investigations.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

Furthermore, linkage disequilibrium was observed strongly in
the polymorphisms of Bsm1, Apal, and Taql, and they were in
the same haploid domain with 3’UTR, besides, the haploid
domain includes 4—9 exons and 3’UTR, which is related to the
regulation of gene expression, especially the regulation of
mRNA stability.*® The structure specialty may affect the
VDR mRNA and contribute to vitamin D deficiency.

There were several limitations in this meta-analysis. First,
only English and Chinese articles were included in our study,
which thus may bias the results. Second, patient heterogeneity
and confounding factors might have distorted the analysis.
Third, there was significant heterogeneity in some of the pooled
analyses, which may have affected the meta-analysis results,
even though we adopted the random effects model. Fourth, the
number of included studies was relatively small in some sub-
groups; thus results should be interpreted with caution. In
addition, the potential influence on genotype-CAD associations
by environment factors is worthy of consideration.

In conclusion, our meta-analysis suggests that the Fokl
polymorphism may play a protective role in CAD, and the
possible protective role in Apal CA genotype in CAD patients
with T2DM still needed more studies to support. The Taql
polymorphism is found to be associated with a significant
increase in CAD risk based on our analysis. Moreover,
increased risk in Apal variation in CAD patients without

www.md-journal.com | 7
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FIGURE 6. Influence analysis of Taq1 polymorphism and CAD risk. A, Heterozygote genetic model analysis. B, Homozygote genetic model
analysis. C, Dominant genetic model analysis. D, Allelic genetic model analysis.

T2DM and Bsm1 variation in Caucasian group is also detected.

Further studies are needed to confirm the prediagnostic effect of

VDR gene polymorphisms in CAD risk.

REFERENCES

1.

WH O. The 10 leading causes of death by broad income group.
2012.

2. Lieb W, Vasan RS. Genetics of coronary artery disease. Circulation.

2013;128:1131-1138.

3. He J, Gu D, Wu X, et al. Major causes of death among men and

women in China. N Engl J Med. 2005;353:1124-1134.

4. Maroszynska-Dmoch EM, Wozakowska-Kaplon B. [Coronary artery

disease in young adults: clinical and angiographic characterization.
A single centre study]. Kardiol Pol. 2015;74:314-321.

5. Beckowski M. Acute coronary syndromes in young women—the

scale of the problem and the associated risks. Kardiochir Torako-
chirur Pol. 2015;12:134-138.

6. Fernando E, Razak F, Lear SA, et al. Cardiovascular disease in

South Asian migrants. Can J Cardiol. 2015;31:1139-1150.

7. Yang Q, Yin RX, Cao XL, et al. Association of two polymorphisms in

8

the FADS1/FADS?2 gene cluster and the risk of coronary artery disease
and ischemic stroke. Int J Clin Exp Pathol. 2015;8:7318-7331.

| www.md-journal.com

8

. Feng TY, Shan HW, Lang R. Associations between Lectin-like,
oxidized low-density lipoprotein receptor-1 G501C and 3’-UTR-
C188T polymorphisms with coronary artery disease: a meta-analysis.
Int J Clin Exp Med. 2015;8:9275-9282.

. Assimes TL, Knowles JW, Priest JR, et al. A near null variant of
12/15-LOX encoded by a novel SNP in ALOX15 and the risk of
coronary artery disease. Atherosclerosis. 2008;198:136—-144.

. He L, Wang M. Association of vitamin d receptor-a gene poly-
morphisms with coronary heart disease in Han Chinese. Int J Clin
Exp Med. 2015;8:6224-6229.

. Abu El Maaty MA, Hassanein SI, Sleem HM, et al. Vitamin D
receptor gene polymorphisms (Taql and Apal) in relation to
25-hydroxyvitamin D levels and coronary artery disease incidence.

J Recept Signal Transduct Res. 2015;35:391-395.

. Pan XM, Li DR, Yang L, et al. No association between vitamin D
receptor polymorphisms and coronary artery disease in a Chinese
population. DNA Cell Biol. 2009;28:521-525.

. Ortlepp JR, Lauscher J, Hoffmann R, et al. The vitamin D receptor
gene variant is associated with the prevalence of type 2 diabetes
mellitus and coronary artery disease. Diabet Med. 2001;18:842—

845.

. Van Schooten FJ, Hirvonen A, Maas LM, et al. Putative suscept-
ibility markers of coronary artery disease: association between VDR

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



Medicine ¢ Volume 95, Number 21, May 2016

Vitamin D Receptor Polymorphsisms in Coronary Artery Disease

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

genotype, smoking, and aromatic DNA adduct levels in human right
atrial tissue. FASEB J. 1998;12:1409-1417.

. Uitterlinden AG, Fang Y, Van Meurs JB, et al. Genetics and biology

of vitamin D receptor polymorphisms. Gene. 2004;338:143-156.

. Zmuda JM, Cauley JA, Ferrell RE. Molecular epidemiology of

vitamin D receptor gene variants. Epidemiol Rev. 2000;22:203-217.

. Li YC. Molecular mechanism of vitamin D in the cardiovascular

system. J Invest Med. 2011;59:868—871.

Lin CH, Chen KH, Chen ML, et al. Vitamin D receptor genetic
variants and Parkinson’s disease in a Taiwanese population. Neuro-
biol Aging. 2014;35:1212.

Rivera-Leon EA, Palmeros-Sanchez B, Llama-Covarrubias IM, et al.
Vitamin-D receptor gene polymorphisms (Taql and Apal) and
circulating osteocalcin in type 2 diabetic patients and healthy
subjects. Endokrynol Pol. 2015;66:329-333.

Young KA, Snell-Bergeon JK, Naik RG, et al. Vitamin D deficiency
and coronary artery calcification in subjects with type 1 diabetes.
Diabet Care. 2011;34:454-458.

Monraats PS, Fang Y, Pons D, et al. Vitamin D receptor: a new risk
marker for clinical restenosis after percutaneous coronary interven-
tion. Expert Opin Ther Targets. 2010;14:243-251.

Ortlepp JR, von Korff A, Hanrath P, et al. Vitamin D receptor gene
polymorphism Bsml is not associated with the prevalence and
severity of CAD in a large-scale angiographic cohort of 3441
patients. Eur J Clin Invest. 2003;33:106—109.

Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Int J
Surg. 2010;8:336-341.

Sun Y, Chen J, Li H, et al. Steroid injection and nonsteroidal anti-
inflammatory agents for shoulder pain: a PRISMA systematic review
and meta-analysis of randomized controlled trials. Medicine.
2015;94:e2216.

Song F, Eastwood AJ, Gilbody S, et al. Publication and related
biases. Health Technol Assess. 2000;4:1-115.

Hossein-Nezhad A, Eshaghi SM, Maghbooli Z, et al. The role of
vitamin D deficiency and vitamin d receptor genotypes on the degree
of collateralization in patients with suspected coronary artery

disease. BioMed Res Int. 2014;2014:304250.

Ferrarezi DA, Bellili-Munoz N, Dubois-Laforgue D, et al. Allelic
variations of the vitamin D receptor (VDR) gene are associated with

increased risk of coronary artery disease in type 2 diabetics: the
DIABHYCAR prospective study. Diabet Metab. 2013;39:263-270.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Shuler CO, Black GB, Jerrell JM. Population-based treated pre-
valence of congenital heart disease in a pediatric cohort. Pediatr
Cardiol. 2013;34:606-611.

Hossein-nezhad A, Holick MF. Vitamin D for health: a global
perspective. Mayo Clin Proc. 2013;88:720-755.

Tang C, Chen N, Wu M, et al. Fokl polymorphism of vitamin D
receptor gene contributes to breast cancer susceptibility: a meta-
analysis. Breast Cancer Res Treat. 2009;117:391-399.

Penna-Martinez M, Ramos-Lopez E, Stern J, et al. Vitamin D
receptor polymorphisms in differentiated thyroid carcinoma. Thyroid.
2009;19:623-628.

Artaza JN, Sirad F, Ferrini MG, et al. 1,25(OH)2vitamin D3 inhibits
cell proliferation by promoting cell cycle arrest without inducing
apoptosis and modifies cell morphology of mesenchymal multipotent
cells. J Steroid Biochem Mol Biol. 2010;119:73-83.

Dobnig H, Pilz S, Scharnagl H, et al. Independent association of low
serum 25-hydroxyvitamin d and 1,25-dihydroxyvitamin d levels with
all-cause and cardiovascular mortality. Arch Intern Med.
2008;168:1340-1349.

Rebsamen MC, Sun J, Norman AW, et al. lalpha,25-dihydroxyvita-
min D3 induces vascular smooth muscle cell migration via activation
of phosphatidylinositol 3-kinase. Circ Res. 2002;91:17-24.

Nibbelink KA, Tishkoff DX, Hershey SD, et al. 1,25(OH)2-vitamin
D3 actions on cell proliferation, size, gene expression, and receptor
localization, in the HL-1 cardiac myocyte. J Steroid Biochem Mol
Biol. 2007;103:533-537.

Furigay P, Swamy N. Anti-endothelial properties of 1,25-dihydroxy-
3-epi-vitamin D3, a natural metabolite of calcitriol. J Steroid
Biochem Mol Biol. 2004;89—90:427-431.

Klotz B, Mentrup B, Regensburger M, et al. 1,25-dihydroxyvitamin
D3 treatment delays cellular aging in human mesenchymal stem
cells while maintaining their multipotent capacity. PLoS One.
2012;7:€29959.

Shea MK, Benjamin EJ, Dupuis J, et al. Genetic and non-genetic
correlates of vitamins K and D. Eur J Clin Nutr. 2009;63:458—

464.

Hunter D, De Lange M, Snieder H, et al. Genetic contribution to

bone metabolism, calcium excretion, and vitamin D and parathyroid
hormone regulation. J Bone Miner Res. 2001;16:371-378.

. Hitman GA, Mannan N, McDermott MF, et al. Vitamin D receptor

gene polymorphisms influence insulin secretion in Bangladeshi
Asians. Diabetes. 1998;47:688-690.

www.md-journal.com |9



	The Associations Between the Polymorphisms of Vitamin D Receptor and Coronary Artery™Disease
	INTRODUCTION
	METHODS
	Identification of the Related Studies
	Inclusion and Exclusion Criteria
	Data Extraction
	Statistics Analysis

	RESULTS
	Characteristics of the Included Studies
	Meta-Analysis Results
	Test of Heterogeneity and Subgroup Analysis
	Sensitivity Analysis

	DISCUSSION


