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Background and Objectives: Vitamin D receptor (VDR) genetic polymorphisms are considered to be associated
with type 2 diabetes mellitus (T2DM), but this is inconclusive. The aim of this study is to quantify the association
between polymorphisms of Bsml and Fokl in the VDR gene and T2DM risk through literature review. Methods
and Study Design: Original articles published from 1999 to June 2014 were discovered through PubMed, IST
Web of Science, China National Knowledge Infrastructure, Chinese Wanfang Database, and the Chinese Biomed-
ical Literature Database. The pooled odds ratios (ORs) with 95% confidence intervals (CIs) were calculated with
software STATA version 12.0. Results: Twenty-three articles containing 30 case-control studies were included.
The association between the Bsml polymorphism and T2DM was weak in two genetic models (Bb vs bb and
BB+Bb vs bb). The subgroup analysis showed that this association was only found in the studies with a small
sample size (<200). A strong association between Fokl polymorphism and T2DM indicated that this gene poly-
morphism was possibly a risk factor for T2DM (ff vs FF: OR=1.57, 95% CI: 1.28-1.93, p<0.001; Ff vs FF:
OR=1.54, 95% CI: 1.31-1.81, p<0.001; ff+Ff vs FF: OR=1.57, 95% CI: 1.35-1.83, p<0.001), especially in Chi-
nese populations. Conclusion: More reliable conclusions about associations between VDR genetic polymor-

phisms and T2DM will depend on studies with larger sample size and by ethnicity.
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder of multi-
ple etiologies caused by defects in insulin secretion and
insulin action. Diabetes mellitus, especially type 2 diabe-
tes mellitus (T2DM) is one of the most prevalent endo-
crine diseases. More than 415 million people worldwide
suffer from type 2 diabetes mellitus." Along with the dis-
ease progress, T2DM could induce many chronic compli-
cations such as retinopathy, renal failure, diabetic foot,
nerve damage and cardiovascular disease.

Many investigations indicate that genetic predisposi-
tion plays a crucial role in the development of T2DM?
although its manifestation is highly dependent on envi-
ronmental factors. Many genes have been associated with
T2DM, including TCF7L2,> CD36,* and WFS1.’ Epide-
miological studies indicate that vitamin D deficiency is
widespread in those with diabetes.® Vitamin D supple-
ments in early life lowers the risk of T2DM in adulthood.’
The activated form of vitamin D, 1, 25-(OH),Ds, can en-
hance pancreatic B-cell function, protect B-cell from det-
rimental immune attack, improve insulin receptor sensi-
tivity, and diminish insulin resistance. For these func-
tions, active vitamin D needs to bind with the intracellular
vitamin D receptor (VDR). Therefore, the expression of
the VDR gene might be involved in the pathogenesis and
progression of T2DM.

Frequent VDR gene polymorphisms have been report-
ed to be associated with a variety of physiological and
pathological phenotypes in many populations. Up to pre-
sent, Fokl (rs10735810, in exon 2) and Bsml (rs1544410,
in intron 8) the two single nucleotide polymorphisms
(SNPs) have been widely investigated and been found
associated with T2DM in different ethnic populations.
However, the published results are not consistent. Con-
sidering the isolated individual studies may have not
enough statistical power to ascertain the association be-
tween VDR polymorphisms and T2DM, several meta-
analyses have been performed to reveal the association
between allelic variants of VDR and T2DM. However,
the terminology describing the genotype of VDR in dif-
ferent papers is confusing because of the different meth-
ods applied on SNP analysis. Misnomers will lead to
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misunderstanding and erroneous interpretation on data.
Therefore, it is crucial to have a unified expression of the
allelic gene before a meta-analysis.

In this article, we selected the two most controversial
VDR gene loci, namely Bsml and Fokl sites, using the
initial letter of the restriction enzyme to name the differ-
ent alleles, the capital letter for absence of the restriction
enzyme site, whereas a lower case letter indicates its
presence. Then, the data were gathered from the different
studies, and a comprehensive meta-analysis was carried
out to evaluate the association between T2DM suscepti-
bility and the genetic polymorphisms of VDR.

METHODS

Literature and search strategy

All the original literature from 1999 to June 2014 on the
association of VDR and T2DM were identified through
computer-based searches from the following databases,
PubMed, ISI Web of Science, CNKI (China National
Knowledge Infrastructure), Chinese Wanfang Database,
and Chinese Biomedical Literature Database. The search-
ing keywords were as follows: vitamin D receptor, VDR,
Fokl, Bsml, T2DM, NIDDM, polymorphism, genotype.
Besides, the references of the original literatures and the
related articles were also searched for potential comple-
mentary studies.

Inclusion criteria and exclusion criterion

The studies involved in this meta-analysis all met the fol-
lowing criteria: (1) original article about the association
of VDR polymorphisms (Fokl and Bsml) with T2DM risk,
(2) case-control study, (3) performed in a human popula-
tion, (4) sufficient data for estimating an odds ratio (OR)
with 95% confidence interval (CI); (5) published in Chi-
nese and English. Accordingly, the following exclusion
criteria were also considered: (1) without healthy popula-
tion as control subjects, (2) abstracts, reviews, and repeat-
ed publications, (3) no exact genotype frequency, (4)
apart from T2DM, the cases also suffered from other dis-
eases (such as cardiovascular diseases, osteoporosis, pso-
riasis and so on).

Data extraction and quality assessment

In our study, the contents and quality of the included
studies were checked and assessed by two independent
authors (Fei Yu and Lingling Cui) using the method re-
ported by Xu et al® and reached conformity on all items
through consultation. According to the recommendations
of the MOOSE (Meta-analysis Of Observational Studies
in Epidemiology) guidelines® and other relevant meta-
analytic papers, the following information was extracted
from the selected literatures: year of publication, name of
first author, region/country where the study was per-
formed, ethnicity and region of population, gender ratios,
mean age with standard deviation or age range of subjects,
the source of the controls, genotype distribution in cases
and controls, genotyping methods and diagnostic criteria.
If the same study data was used by more than one publi-
cation, the data were only collected from the largest sam-
ple size or a more authoritative scientific journal. Accord-
ing to the “extended quality score” developed by Xu® et al
each of the included studies was categorized as ‘high’,

‘median’ or ‘poor’ quality on the basis of its scores of
eleven items such as the type of study design, sample size,
disease-diagnostic criteria, and so on.

Statistical analysis

The combined odds ratios (ORs) together with their cor-
responding 95% confidence intervals (95% Cls) were
calculated to assess the strength of association between
the polymorphism of VDR gene and T2DM risk for two
polymorphisms. For the polymorphism Fokl, the codomi-
nant model (ff vs FF, Ff vs FF), the dominant model
(ff+Ff vs FF) and the recessive model (ff vs FF+Ff) were
estimated. Similarly, for the polymorphism Bsml, the
codominant model (BB vs bb, Bb vs bb), the dominant
model (BB+Bb vs bb) and the recessive model (BB vs
Bb+bb) were estimated. To find out the possible con-
founding factors which might impact the results of the
published reports, we performed further analysis by Me-
ta-regression and subgroup analysis based on ethnicity,
sample size (the sum of the case and control), match (by
age, gender, region, and ethnicity), Hardy Weinberg equi-
librium (HWE) and quality of the articles.

Heterogeneity assumption was examined by the chi-
square based on QO-test. The pooled OR estimation of
each study was calculated with a random-effect model
using the DerSimonian and Laird method when p<0.10,
otherwise with a fixed-effect model using the Mantel—
Haenszel method.” Publication bias was evaluated
through the Begg’s test, the Egger’s Asymmetry test, and
visual inspection of funnel plots, in which the standard
error was plotted against the Log (OR) to form a simple
scatterplot. The distribution of genotypes in controls of
each individual population was tested for a departure
from HWE by using online software (http://ihg.gsf.de/
cgi-bin/hw/hwal.pl). The sensitive analysis was per-
formed by omitting one study at a time to assess the sta-
bility of the meta-analysis results. The unchanged pooled
OR implies the stable result.

The statistical analyses were performed using STATA
version 12.0 (Stata Corporation, College Station, TX). All
the p values were for a two-sided test and p<0.05 was
considered as statistically significant.

RESULTS

Characteristics of the eligible studies

A total of 294 publications were chosen from the five
electronic databases. Then, 240 reports were excluded as
they were not related to the association of VDR polymor-
phisms and type 2 diabetes mellitus by screening the titles
and reading the abstracts. Examined the full-text of the
remaining 54 potential articles, there were 4 duplicated
results,'”" 10 reviews or comments and 6 articles studied
on Apal and Taql were excluded. In the remaining 34
articles, 3 articles were excluded for omitting healthy
control group,'*'® 1 article was about the early-onset
T2MD,!” and another 7 articles were excluded because of
the cases were combined with other diseases. Therefore,
only 23 eligible articles (8 in English and 15 in Chinese)
involving 30 independent case-control studies were quali-
fied for this meta-analysis on the association between
VDR polymorphism (Bsml and Fokl) and T2DM risk.
The detailed steps of literature search are shown in Fig-
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ure 1.

There were 18 articles studied on the Bsml polymor-
phisms including 2757 cases and 3517 controls, and 12
articles studied on the Fokl polymorphisms including
2218 cases and 1859 controls. In the 18 articles on the
Bsml polymorphisms, there were two “high” quality stud-
ies, two “poor” quality studies, and fourteen “middle”
quality studies. One study was considered as “high”
quality, while all other studies on the Fokl polymor-
phisms were categorized as “middle” quality. The de-
tailed characteristic and genotype allele distributions for
each case-control study were listed in Table 1 & 2, in-
cluding first author, publication year, reference, original
country, ethnicity, gender, age, genotype distribution,
HWE test of controls and the quality level of studies.

Overall and subgroup meta-analysis results

Bsml

Overall, marginal significant associations with T2DM
risk were found for Bb vs bb (OR=1.36, 95% CI: 1.02-
1.83, p=0.038) and BB+Bb vs bb (OR=1.36, 95% CIL
1.00-1.84, p=0.049). Whereas no significant associations
were observed for BB vs bb (OR=1.01, 95% CI: 0.67-
1.52, p=0.956) and BB vs Bb+bb (OR=0.93, 95% CIL
0.65-1.33, p=0.692) (Table 4, Figure 2). Because of sig-
nificant heterogeneity between studies for all contrast
model (p<0.05), a random-effect model was used (Figure
2). The meta-regression was performed to search the
source of heterogeneity focusing on the possible factors,
such as ethnicity, sample size, matching, HWE and quali-

ty of the articles. The results of meta-regression showed
that ethnicity and sample size were the possible factors of
the heterogeneity (p<0.05, Table 3). Thus, a further anal-
ysis was performed on data stratified by ethnicity and
sample size, in which Indian subjects were classified as
Caucasians. Significantly increased susceptibility of
T2DM was only found for VDR Bsml polymorphism
among the studies with small sample size (n<200) in 2
genetic models (Bb vs bb: OR=2.12, 95% CI: 1.24-3.62,
p=0.006; BB+Bb vs bb: OR=2.38, 95% CI. 1.33-4.25,
p=0.003, respectively). However, we failed to detect any
association between the VDR Bsml polymorphism and
T2MD in the subgroup analysis by ethnicity in all genetic
models (Table 4, Figure 2).

Fokl

Significant associations between gene models and T2DM
were detected for three genetic models (ff vs FF:
OR=1.57, 95% CI. 1.28-1.93, p<0.001; Ff vs FF:
OR=1.54, 95% CI: 1.31-1.81, p<0.001; ff+Ff vs FF:
OR=1.57, 95% CI: 1.35-1.83, p<0.001, respectively), and
marginal significant association were found for ff vs
FF+Ff (OR=1.16, 95% CI: 1.00-1.36, p=0.055) (Table 4,
Figure 3). Due to the lack of heterogeneity among the
included studies for all contrast model (p>0.05), a fixed-
effect model was used (Figure 3). Further analysis by
meta-regression revealed that ethnicity and sample size
might affect the overall results (Table 3). Interestingly, a
significantly increased susceptibility was only found in
T2DM patients among Chinese for all genetic models (ff

after a preliminary screening

294 articles identified from the five electronic databases

\J

240 articles were excluded by screening the titles and

reading the abstracts

A A

54 articles for further evaluation

(examined the full-text)

v

20 articles were excluded due to:
(1) Reviews or comments: 10

(2) Duplicated results: 4

(3) Studied on the Apal or Tagl: 6

34 articles for more detailed evaluation

(reading the entire article)

h

Y

11 articles were excluded due to:
(1) No healthy control: 3
(2) Case with early-onset T2MD: 1

(3) Case complicated with other diseases: 7

articles studied on the two loci)

Eventually, 23 articles were included: 18 articles studied

on the Bsml, 12 articles studied on the Fokl, (while 7

Figure 1. Diagram for selection of studies and specific reasons for exclusion
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Table 1. Main characteristic of included studies about Bsml genotype polymorphism in the meta-analysis

Gender A Genotype distribution it

First author/Year (Reference) Country Ethnicity (Women/men) £e (case/control) HWE @) Qlua ; y

Case Control Case Control bb Bb BB eve
Speer G, 2001™ Hungary Caucasian 27/22 66/72 57(29-77) 63(23-83) 20/46 22/66 7/26 0.787 Poor
Ye WZ, 2001" France Caucasian 130/179 72/71 62+12 61£16 119/54 135/65 52/24 0.557 High
Oh JY, 2002% USA Caucasian NR NR 71.7+£8.6 68.849.26 86/460 107/590 49/253 0.010  Medium
Malecki MT, 2003 Poland Caucasian 165/143 142/98 59.8+9.2 54.0+15.1 131/92 142/116 35/32 0.630 High
Shen BS, 2004% China Chinese 40/56 21/31 65.6£10.5 36.0+£4.9 59/45 34/7 3/0 0.603 Medium
Shi YJ, 2007% China Chinese 65/92 67/129 58+11 NR 139/177 17/18 1/1 0.470  Medium
Xu JR, 2007* China Chinese 61/45 60/42 62+11 58+10 19/6 46/28 41/68 0.192 Medium
Zhang P, 2008% China Chinese 50/66 51/61 55.6£10.5 56.0+£8.9 71/97 41/15 4/0 0.448 Medium
Bid HK, 2009% India Caucasian NR NR 49.3£11.0 NR 30/60 52/77 18/23 0.831 Medium
Ding HG, 2009% China Chinese 15/17 14/16 42+8 40+6 19/26 13/4 0/0 0.696  Poor
Lan XC, 2009% China Chinese 34/32 41/39 53.0+14.1 51.3£13.3 48/75 13/5 5/0 0.773 Medium
Wang CX, 2009% China Caucasian 40/24 83/38 48.7+8.54 48.0+£8.56 56/110 8/11 0/0 0.600  Medium
Mukhopadhyaya PN, 2010*° India Caucasian 21/19 21/19 47.3+12.2 42.5+12.1 17/26 9/10 14/4 0.073 Medium
Su BC, 2011° China Chinese 129/159 63/76 53.8£11.9 54.0£11.6 264/118 21/15 3/6 <0.001 Medium
Zhao Y, 2011% China Chinese 45/51 40/43 55.7+11.4 55.7+11.7 67/71 29/11 0/1 0.455  Medium
Al-Daghri NM, 2012* Saudi Arabia  Caucasian NR NR 51.548.6 44.1+9.9 105/114 201/95 62/50 <0.001 Medium
Xu JR, 2012* China Chinese 77/124 131/88 NR NR 176/172 24/47 1/0 0.075 Medium
Zhang H, 2012% China Chinese 54/68 47/53 57.0£10.8 55.3£8.8 96/85 26/14 0/1 0.625 Medium
"p value for HardyeWeinberg equilibrium in control group. NR: not reported.
Table 2. Main characteristics of included studies about Fokl genotype polymorphism in the meta-analysis

Gender Age Genotype distribution . Qualit

First author/Year (Reference) Country Ethnicity (Women/men) (case/control) HWE(p) lovel Y

Case Control Case Control ff Ff FF
Malecki MT, 20037 Poland Caucasian 165/143 142/98 59.8+9.2 54.0£15.1 64/52 159/110 85/77 0.284 High
Shen BS, 2004% China Chinese 40/56 21/31 65.6£10.5 36.0+£4.9 19/10 53/24 24/18 0.694 Medium
Li HM, 2005 China Chinese 34/21 42/35 54.6+9.9 59.5£9.6 5/6 22/28 28/43 0.633 Medium
Li HM, 2005 China Chinese 63/41 42/35 61.9£11.0 59.5£9.6 19/6 46/28 39/43 0.633 Medium
Liao L, 2005 China Chinese 68/72 62/104 53.54£8.6 61.8£10.8 27/28 83/74 30/64 0.406 Medium
Du T, 2008% China Chinese 202/271 119/261 54.5£9.2 61.4+9.8 95/68 264/189  114/123 0.755 Medium
Zhang P, 2008% China Chinese 50/66 51/61 55.6£10.5 56.0£8.9 23/21 64/52 29/39 0.620 Medium
Bai R, 2009% China Chinese 50/56 35/42 52.0+£8.0 58.0£12 22/7 50/26 34/44 0.286 Medium
Bid HK, 2009° India Caucasian NR NR 49.3+11.0 NR 38/80 60/79 2/1 <0.001 Medium
Wang CX, 2009% China Chinese 40/24 83/38 48.7+8.54 48.0+£8.56 15/19 29/65 20/37 0.278 Medium
Su BC, 2011° China Chinese 129/159 63/76 53.8£11.9 54.0+11.6 34/16 221/95 33/28 <0.001 Medium
Al-Daghri NM, 2012* Saudi Arabia  Caucasian NR NR 51.54£8.6 44.149.9 213/129  133/111 22/19 0.461 Medium

"p value for HardyeWeinberg equilibrium in control group. NR: not reported.
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Table 3. Results of meta-regression (p value)

Locus Models Ethnicity Sample size Match HWE Quality

Bsml BB vs bb 0.036 0.511 0.993 0.897 0.999
Bb vs bb 0.229 0.055 0.387 0.454 0.461
BB+Bb vs bb 0.285 0.031 0.371 0.258 0.493
BB vs Bb+bb 0.013 0.306 0.850 0.689 0.823

Fokl ff vs FF 0.003 0.071 0.547 0.304 0.535
Ffvs FF 0.003 0.412 0.703 0.241 0.888
ff+Ff vs FF 0.003 0.232 0.575 0.273 0.714
ff vs FF+Ff 0.169 0.066 0.746 0.033 0.497

Table 4. Results of meta-analysis for the association between VDR BsmI and Fokl polymorphisms and T2DM

Codominant model

Dominant model

Recessive model

Locus Groups Case/control BB vs bb Bb vs bb BB+Bb vs bb BB vs Bb+bb
P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI)
Bsml Total 2757/3517 0.956 1.01 (0.67, 1.52) 0.038 1.36 (1.02, 1.83) 0.049 1.36 (1.00, 1.84) 0.692 0.93(0.65, 1.33)
Ethnicity
Chinese 1413/2283 0.940 1.05(0.30, 3.65) 0.068 1.62(0.97, 2.72) 0.130 1.57(0.88, 2.80) 0.881 0.92(0.32, 2.66)
Caucasians 1344/1234 0.447 1.13(0.83, 1.54) 0.414 1.15(0.83, 1.59) 0.309 1.17 (0.86, 1.89) 0.874 1.02(0.79, 1.32)
Sample size
<200 443/544 0.256 2.31(0.55, 9.80) 0.006 2.12(1.24, 3.62) 0.003 2.38(1.33, 4.25) 0.272 2.09 (0.56, 7.80)
>200 2314/2973 0.527 0.88(0.59, 1.31) 0.498 1.12(0.80, 1.57) 0.786 1.05(0.75, 1.47) 0.234 0.81(0.57, 1.15)
ff vs FF Ffvs FF ft+Ff vs FF ff vs FF+Ff
P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI)
Fokl Total 2218/1859 <0.001 1.57(1.28, 1.93) <0.001 1.54 (1.31, 1.81) <0.001 1.57(1.35, 1.83) 0.055 1.16 (1.00, 1.36)
Ethnicity
Chinese 1446/1201 <0.001 1.78 (1.40, 2.27) <0.001 1.66 (1.38, 1.99) <0.001 1.70(1.43, 2.02) 0.025 1.27(1.03, 1.57)
Caucasians 772/658 0.440 1.16 (0.79, 1.70) 0.281 1.20(0.86, 1.68) 0.229 1.21(0.89, 1.66) 0.682 1.05(0.84, 1.31)
Sample size
<200 425/404 0.001 2.16 (1.40, 3.33) <0.001 1.53(1.31, 1.81) <0.001 1.68 (1.25,2.24) 0.007 1.74 (1.16, 2.60)
>200 1793/1455 0.002 1.44 (1.14, 1.81) <0.001 1.55(1.28, 1.86) <0.001 1.53(1.28, 1.83) 0.354 1.08 (0.92, 1.28)
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Study %
D OR (95% CI) Weight

A

Study %

D OR (95% CI) Weight
‘Sample size <200

Speer G (2001) —= 0.62(0.23, 1.66) 813
Shen BS (2004) —_— 5.35(0.27,106.26)  1.65
Lan XC (2009) 8 17.12(0.93,316.68) 172
Mukhopadhyaya PN (2010) —_—— 535(151,19.03) 619
Zhao Y (2011) - 035(0.01,882) 145
Ding HG (2009) (Excluded) 0.00
Wang CX (2009) (Excluded) 0.00
Subtotal (-squared = 64.3%, p = 0.024) — T 2.31(0.55, 9.80) 19.15
Sample size 2200

Sample size <200 H

Speer G (2001) —_— 0.77(0.38,156) 558
Shen BS (2004) — 370(150,9.12) 466
Ding HG (2009) A 445(1.25,1579) 325
Lan XC (2009) —_— 4.06(1.36,12.12) 3.86
Wang CX (2009) —_—T 143(054,375) 437
Mukhopadhyaya PN (2010) ——,— 1.38(0.46,4.09) 387
Zhao Y (2011) —_—— 279(129,603) 528
Subtotal (I-squared = 55.7%, p = 0.035) I<> 212(1.24,362) 3087

Sample size 2200

Ye WZ (2001) 098(055,1.76)  11.83 Ye WZ (2001) 0.94(061,1.46)  7.03
Oh JY (2002) 104(071,152) 1371 Oh JY (2002) 097(0.71,132) 762
Malecki MT (2002) 077(0.44,133) 1215 WMalecki MT (2003) — 0.86(0.60,1.24)  7.39
Shi YJ (2007) —_—f 127(0.08,2054) 188 Shi YJ (2007) —_—— 1.20(060,242) 565
Xu JR (2007) —=— 0.19(0.07,052)  8.05 Xu JR (2007) =+ - 052(0.19,1.45)  4.10
Zhang P (2008) — 12.27 (0.65,231.60) 1.70 Zhang P (2008) | —— 373(192,727) 582
Bid HK (2009) —— 157(073,334) 1013 Bid HK (2009) —— 135(0.77,237) 637
SuBC (2011) — 022(0.05,091) 546 SuBC (2011) —_— 063(0.31,1.26)  5.66
Al-Daghri NM (2012) .- 135(085,213)  13.03 Al-Daghri NM (2012) | —— 230(1.60,329)  7.40
XuJR (2012) R mmm— 293(0.12,7247) 145 XuJR (2012) —_— | 050(0.29,0.85) 652
Zhang H (2012) —_— 030(0.01,7.35) 145 Zhang H (2012) —r— 1.64(0.81,335) 558
Subtotal (-squared = 56.9%, p = 0.012) <p 0.88(059,131) 8085 Subtotal (-squared = 78.5%, p = 0.000) <> 1.12(0.80,157)  69.13
|
Overall (-squared = 57.9%, p = 0.002) <> 101(067,152)  100.00 Overall (-squared = 75.1%, p = 0.000) <> 1.36(1.02,1.83)  100.00
\
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis !
T T T T
00316 1 317 0633 1 158
C D
Study % Study %
D OR (95% CI) Weight D OR (95% Cl) Weight
Sample size <200 | Sample size <200 H
Speer G (2001) —e 073(0.37,142) 566 Speer G (2001) —.l— 072(029,178)  7.90
Shen BS (2004) — 403(1.65,9.88) 466 Shen BS (2004) —_—t 3.93(020,77.57) 132
Ding HG (2009) A 445(1251579) 332 Lan XC (2009) A—————8——————> 14.40(0.78,265.37) 1.38
Lan XC (2009) | ———®——— 563(196,16.15) 403 WMukhopadhyaya PN (2010) | —— 485(1.43,1642)  5.60
Wang CX (2009) ——I-— 1.43(054,375) 437 ZhaoY (2011) —c—:— 0.28 (0.01,7.09) 115
Mukhopadhyaya PN (2010) e 251(1.02,620) 463 Ding HG (2009) | (Excluded) 0.00
ZhaoY (2011) — 256(121,543) 529 Wang CX (2009) ) (Excluded) 0.00
Subtotal (I-squared = 65.6%, p = 0.008) T 238(1.33,425) 3196 Subtotal (-squared = 59.7%, p = 0.042) <:> 209(056,7.80)  17.35
i
Sample size 2200 : Sample size 2200 1
Ye WZ (2001) L 095(0.63,1.43) 6.83 Ye WZ (2001) 102(0.60,173) 1187
Oh JY (2002) j: 0.99(0.74,132) 729 Oh JY (2002) 105(075,148)  14.00
Malecki MT (2003) — 0.84(0.60,1.19)  7.09 Malecki MT (2003) 0.83(050,1.39) 1208
Shi YJ (2007) —te— 121(061,239) 561 Shi YJ (2007) ) 1.25(0.08,20.14) 150
XuJR (2007) —_— | 029(0.11,075) 439 XuJR (2007) 5= 032(0.18,056) 1143
Zhang P (2008) P —— 410(212,793) 571 Zhang P (2008) 9.00(0.48,169.12) 136
Bid HK (2009) —— 140(082,239) 629 Bid HK (2009) 131(067,257) 1022
SuBC (2011) — : 051(0.27,095) 587 SuBC (2011) — 023(0.06,095) 464
Al-Daghri NM (2012) —— 197 (141,275 713 Al-Daghri NM (2012) 085(056,1.28) 1324
XuJR (2012) —_— 052(0.31,088) 631 XuJR (2012) —_— 328(0.13,81.08) 116
Zhang H (2012) ——— 153(0.76,3.09) 553 Zhang H (2012) — 027(0.01,672) 115
Subtotal (I-squared =81.1%, p = 0.000) < 1.05(0.75,1.47) 68.04 Subtotal (I-squared =55.0%, p = 0.014) <> 0.81(0.57,1.15) 8265
) |
. 1 . |
Overall (I-squared = 79.6%, p = 0.000) > 1.36(1.00,1.84)  100.00 Overall (--squared = 57.3%, p = 0.002) <P 0.93(0.65,1.33)  100.00
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Figure 2. Forest plots for the overall association between VDR Bsml polymorphism and T2DM risk. A: BB vs bb; B: Bb vs bb; C:

BB+Bb vs bb; D: BB vs Bb+bb.

vs FF: OR=1.78, 95% CI: 1.40-2.27, p<0.001; Ff vs FF:
OR=1.66, 95% CI: 1.38-1.99, p<0.001; ff+Ff vs FF:
OR=1.70, 95% CI: 1.43-2.02, p<0.001; ff vs FF+Ff:
OR=1.27, 95% CI: 1.03-1.57, p=0.025, respectively) (Ta-
ble 4). In contrast, no significant association was ob-
served among Caucasians in three studies (p>0.05). Sub-
group analysis (by sample size) presented significantly
increased susceptibility of T2DM for ff vs FF, Ff vs FF
and ft+Ff vs FF (p<0.01) in both small and large sample
size studies. However, significantly association was only
observed in the studies with small sample size for ff vs
FF+Ff (OR=1.74, 95% CI: 1.16-2.60, p=0.007), but not in
those with large sample size for ff vs FF+Ff (OR=1.08,
95% CI: 0.92-1.28, p=0.354) (Table 4, Figure 3).

Sensitivity analyses and publication bias

The sensitivity analyses did not detect any individual
study which affected the results using the exclusion
method step by step (data not shown). Neither the Begg’s
test nor Egger’s test provided any obvious evidence of
publication bias (Table 5, p>0.05). The shapes of the
funnel plots appeared to be symmetrical in all genetic
models (see the supplementary Figure 1 and Figure 2).

DISCUSSION

Vitamin D can modulate insulin secretion and also pos-
sesses pleiotropic effects on the pathogenesis of diabetes
mellitus. It is feasible that genetic variants of the VDR
gene may contribute to the development of T2DM. In
recent years, many studies reported the links between
body vitamin D status and T2DM in different ethnicities
and regions. Through literature reviewing, we found that
it was very confusing in describing the genotype of VDR.
For example, Al-Daghri®® and Dilmec*' used the bases to
describe the different alleles, while Bid,*® Malecki,”
Zhang,”® Nosratabadi'' applied the initial letter of the
restriction enzyme to designate the different alleles; Nos-
ratabadi and Bid employed a capital letter for the pres-
ence of the restriction enzyme site, while Malecki and
Zhang employed a lowercase letter for its presence. The
complicated description easily confuses readers. There-
fore, there was an urgent need for a unified expression of
the allelic gene before a meta-analysis.

The VDR gene is located on chromosome 12q13.1,
which consists of 14 exons and has an extensive promoter
region capable of generating multiple tissue-specific tran-
scripts. The allele of the Bsml polymorphism is located in
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Study % Study %
D OR (95% Cl) Weight D OR (95% CI) Weight
:
Caucasians H Caucasians
Malecki MT (2003) 1.11(0.69,1.80) 2153 Malecki MT (2003) 1.31(0.88,1.94) 17.98
Bid HK (2009) € + 0.24(0.02,270)  1.79 Bid HK (2009) € 0.38(0.03,429) 0.92
Al-Daghri NM (2012) _'.._ 1.43(0.74,2.74)  10.03 Al-Daghri NM (2012) 1.03(0.53,201) 7.0
Subtotal (I-squared = 2.3%, p = 0.359) <>I 1.16 (0.79, 1.70) 33.35 Subtotal (l-squared = 0.0%, p = 0.536) 1.20 (0.86,1.68) 26.01
. ! .
Chinese E Chinese
Shen BS (2004) —_— 1.42(0.53,3.80) 458 Shen BS (2004) 1.66 (0.76,3.61)  4.01
Li HM (2005) —_—r 1.28 (0.36,4.60) 277 Li HM (2005) 1.21(0.58,2.51) 5.7
Li HM (2005) —-—-— 3.49(1.27,963) 296 Li HM (2005) 1.81(0.96,3.43) 5.80
Liao L (2005) —=— 206(1.04,408) 7.63 Liao L (2005) 2.39(1.40,4.00) 7.33
Du T (2008) 151(1.01,225) 2624 Du T (2008) 1.51(1.10,207)  25.89
Zhang P (2008) —— 1.47(0.69,3.16)  7.36 Zhang P (2008) 1.66 (0.90,3.03) 6.79
Bai R (2009) —— 4.07 (1.56,10.63)  3.01 Bai R (2009) 249(1.30,4.78) 476
Wang CX (2009) ——dl— 1.46 (0.61,348) 565 Wang CX (2009) 0.83(0.41,1.66) 7.14
Su BC (2011) —— 1.80(0.83,393)  6.44 SuBC (2011) 197 (1.13,345) 6.89
Subtotal (I-squared = 0.0%, p = 0.619) <> 1.78 (1.40, 2.27) 66.65 Subtotal (I-squared = 7.5%, p = 0.373) 1.66(1.38,1.99) 73.99
1
' .
Overall (I-squared = 4.1%, p = 0.405) [o) 1.57 (1.28,1.93)  100.00 Overall (I-squared = 12.8%, p = 0.320) 154 (1.31,1.81)  100.00
'
1
T T T T
0209 1 479 0336 207
Study % Study %
o] OR (95% Cl) Weight D OR (95% Cl) Weight
T
Caucasians i Caucasians
Malecki MT (2003) T 0.04(062,1.42) 15.34 Malecki MT (2003) 1.25(0.86,1.80) 19.03
Bid HK (2009) —=— 061(0.37,1.02) 1261 Bid HK (2000) 0.31(0.03,3.44) 0.92
A-Daghri NM (2012) . 138(1.01,191) 2108 Al-Daghri NM (2012) 1.25(066,2.35) 6.37
Subtotal (l-squared =73.1%, p = 0.024) <:> 1.05(0.84,1.31) 49.03 Subtotal (-squared = 0.0%, p = 0.531) 1.21(0.89,1.66)  26.32
!
Chinese E Chinese
Shen BS (2004) S T — 104(0.44,243) 344 Shen BS (2004) 1.59(0.76,3.31)  4.17
Li HM (2005) 7‘- 1.18(0.34,4.09)  1.50 Li HM (2005) 122 (0.61,244) 545
Li HM (2005) [———®—————> 265(1.00,698) 186 Li HM (2005) 211(1.16,3.84) 554
Liao L (2005) 1.18(0.66,2.11) 6.84 Liao L (2005) 230(1.38,383) 7.56
Du T (2008) 1.15(0.82,1.63) 19.92 Du T (2008) 1.51(1.12,204) 25.96
Zhang P (2008) 1.07(0.85,2.07) 566 Zhang P (2008) 1.60 (0.90, 2.84)  7.02
Bai R (2009) 262(1.06,6.49) 212 Bai R (2009) 2.82(1.54,6.19) 4.63
Wang CX (2009) 164(0.77,351) 333 Wang CX (2009) 0.97 (0.50,1.87) 6.86
SuBC (2011) 1.03(0.55,1.94) 629 Su BC (2011) 1.95(1.12,3.38) 6.48

Subtotal (I-squared = 0.0%, p = 0.607) 1.27 (1.03,1.57) 5097

Overall (I-squared = 27.3%, p =0.177) 1.16 (1.00, 1.36)  100.00
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Figure 3. Forest plots for the overall association between VDR Fokl polymorphism and T2DM risk. A: ff vs FF; B: Ff vs FF; C: ff+Ff vs

FF; D: ff vs FF+Ff.

Table 5. Results of Egger’s test and Begg’s test

. Egger’s test Begg’s test
Locus Comparison ; > 95% CI 7 >
Bsml BB vs bb -0.61 0.557 -3.68, 2.13 0.54 0.59
Bb vs bb 1.21 0.245 -1.07, 3.89 1.21 0.23
BB vs Bb+bb -0.03 0.973 -3.04, 2.95 0.36 0.72
BB+Bb vs bb 1.28 0.220 -1.06, 4.27 1.44 0.15
FokI ff vs FF 0.36 0.727 -1.51, 2.08 0.21 0.84
Ffvs FF -0.62 0.550 -2.52,1.43 1.17 0.24
ff vs FF+Ff 0.79 0.447 -1.29, 2.71 1.03 0.30
ff+Ff vs FF -0.35 0.731 -2.41, 1.75 0.75 0.45

intron 8 and near the 3’ end of the VDR gene, which has
been demonstrated to be associated with an increased risk
of TIDM.** In our meta-analysis, marginal significant
association between Bsml polymorphism and T2DM risk
was found for Bb vs bb and BB+Bb vs bb, which is simi-
lar with the results of another meta-analysis by Wang.*
This implied that the allele B and the variant homozygote
BB of Bsml were the risk factors for T2DM. However,
further subgroup analysis revealed significant associa-
tions between Bsml polymorphism and T2DM among the
studies with small sample size (n<200), and no associa-
tion between them among large sample size studies.

Therefore, the marginal significant associations might be
induced by small sample size populations, and it could
not reflect the genuine association between Bsml poly-
morphism and T2DM risk. Therefore, further studies in-
cluding larger sample sizes are necessary in different eth-
nicity to confirm the relationship between Bsml polymor-
phism in the VDR gene and T2DM.

In contrast to Bsml polymorphisms, the Fokl polymor-
phism is located within the 5’ end of the gene near the
promoter region. Fokl polymorphism not only affects the
function of the Vitamin Dj; but also interrupt the binding
efficiency of vitamin D and VDR, impairing insulin func-
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tion and leading to T2DM finally. In the meta-analysis of
Wang* and Li,* the results indicated that FokI polymor-
phism in the VDR gene was significantly associated with
T2DM risk, and the allele f and variant homozygote ff of
Fokl may be the risk factors for T2DM. We also found
significant associations with T2DM for three genetic
models. However, we found this significantly increased
susceptibility only appeared in T2DM patients among
Chinese for all genetic models. In contrast, no significant
association was observed among Caucasians in three
studies. So, we infer that the significant association be-
tween Fokl and T2DM obtained from overall analysis
might arise from the Chinese population.

Strengths and limitations

In the present work, we clarified the definitions of the
alleles in different papers to make sure that the data of
genotype distribution were extracted exactly, and found
that Fokl polymorphism in the VDR gene was signifi-
cantly associated with T2DM risk in Chinese people,
which were the highlight in the meta-analysis. Also, sev-
eral studies conducted in India categorized the subjects as
Caucasians, which was often classified as Asians in other
previous studies.

Although the study was analyzed in detail, limitations
still existed in this meta-analysis. Firstly, the source of the
selected articles was only from those published in Chi-
nese and English due to the limit of literature retrieval.
Secondly, vitamin D status varies worldwide with area,
season and diet. Without measuring an individual’s serum
vitamin D levels, it is perhaps not adequate to examine
the relation between the VDR polymorphism and type 2
diabetes. Finally, the sample size may be an important
factor that influences the results of case-control studies.
Future larger sample size studies are needed to investigate
the associations between VDR polymorphism and T2DM.

Conclusions

In conclusion, the results of our meta-analysis indicated
that the evidence of significant association between the
Bsml polymorphism and T2DM was weak, the sample
size was the main source of the heterogeneity. The Fokl
polymorphism in the VDR gene was significantly associ-
ated with T2DM risk only in Chinese people, but not in
Caucasians. Meanwhile, the sample size might be an im-
portant factor that influences the result of case-control
studies. Future larger sample size studies are needed to
investigate the associations between VDR polymorphism
and T2DM. Besides, the gene-environment interactions
and the molecular evidence of VDR polymorphism with
T2DM should be studied.

ACKNOWLEDGEMENTS

This work was supported by the National Key Basic Research
Program of China (Grant NO: 2012CB526709), National
Natural Science Foundation of China (Grant NO: 81573151 &
U1204823 & U1204821), Science and Technology Foundation
for Innovation Talent of Henan Province (Grant NO:
154200510010) and Medical Scientific Research Foundation of
Health Department of Henan Province (Grant NO: 201204051).

AUTHOR DISCLOSURES
The authors have declared that no competing interests exist.

REFERENCES

1. Federation ID. IDF DIABETES ATLAS - 7TH EDITION.
2015 [cited 2016/04/01]; Available from: http://www.diab
etesatlas.org/.

2. Ferland-McCollough D, Ozanne SE, Siddle K, Willis AE,
Bushell M. The involvement of microRNAs in type 2
diabetes. Biochem Soc Trans. 2010;38:1565-70. doi: 10.10
42/BST0381565.

3. Peng S, Zhu Y, Lu B, Xu F, Li X, Lai M. TCF7L2 gene
polymorphisms and type 2 diabetes risk: a comprehensive
and updated meta-analysis involving 121,174 subjects.
Mutagenesis. 2013;28:25-37. doi: 10.1093/mutage/ges048.

4. Gautam S, Pirabu L, Agrawal CG, Banerjee M. CD36 Gene
variants and their association with type 2 diabetes in an
Indian population. Diabetes Technol The. 2013;15:680-7.
doi: 10.1089/dia.2012.0326.

5. Chen G Xu Y, Lin YH, Lai XL, Yao J, Huang BY et al.
Association study of genetic variants of 17 diabetes-related
genes/loci and cardiovascular risk and diabetic nephropathy
in the Chinese She population. J Diabetes. 2013;5:136-45.
doi: 10.1111/1753-0407.12025.

6. Hossein-nezhad A, Holick MF. Vitamin D for health: a
global perspective. Mayo Clin Proc. 2013;88:720-55. doi: 10.
1016/j.mayocp.2013.05.011.

7. Prokopenko I, McCarthy MI, Lindgren CM. Type 2 diabetes:
new genes, new understanding. Trends Genet. 2008;24:613-
21. doi: 10.1016/j.tig.2008.09.004.

8. XuM, Sham P, Ye Z, Lindpaintner K, He L. A1166C genetic
variation of the angiotensin II type I receptor gene and
susceptibility to coronary heart disease: collaborative of 53
studies with 20,435 cases and 23,674 controls.
Atherosclerosis. 2010;213:191-9. doi: 10.1016/j.atheroscle-
1osis.2010.07.046.

9. Mantel N, Haenszel W. Statistical aspects of the analysis of
data from retrospective studies of disease. J Natl Cancer Inst.
1959;22:719-48.

10.Yi B, Zhang H, Zhao Y, Wang JW, Cai X, Liu Y, Sun J.
Association of vitamin D receptor gene Bsml
polymorphisms with type 2 diabetic nephropathy. Chinese
Journal of Nephrology. 2012;28:281-5. doi: 10.3760/cma.j.
issn.1001-7097.2012.04.007. (In Chinese)

11. Nosratabadi R, Arababadi MK, Salehabad VA. Vitamin D
Receptor Polymorphisms in type 2 Diabetes in southeastern
Iranian patients. Lab Med. 2011;42:32-34. doi:10.1309/Imw
788xeeyvvlbuv.

12.Zhao Y. The association between Bsml, Apal sites in the
vitamin D receptor gene polymorphism and patients with
type 2 diabetic nephropathy within a Han population.
Master's Thesis of Central South University; 2011. pp.1-40.
doi: 10.7666/d.y1914068. (In Chinese)

13. Yang ZF, Xu JR. Correlation analysis of FokI polymorphism
at the VDR gene locus and type-II diabetes among hui
population in Ningxia. Modern Preventive Medicine. 2013;
40:4208-10. (In Chinese)

14. Yokoyama K, Nakashima A, Urashima M, Suga H, Mimura
T, Kimura Y et al. Interactions between serum vitamin D
levels and vitamin D receptor gene FokI polymorphisms for
renal function in patients with type 2 diabetes. PLoS One.
2012;7:¢51171. doi: 10.1371/journal.pone.0051171.

15. Velayoudom-Cephise ~ FL, Larifla L, Donnet IJP,
Maimaitiming S, Deloumeaux J, Blanchet A et al. Vitamin D
deficiency, vitamin D receptor gene polymorphisms and
cardiovascular risk factors in Caribbean patients with type 2
diabetes. Diabetes Metab. 2011;37:540-5. doi: 10.1016/].
diabet.2011.05.005.

16. Ortlepp JR, Lauscher J, Hoffmann R, Hanrath P, Joost HG.
The vitamin D receptor gene variant is associated with the



622

F Yu, LL Cui, X Li, CJ Wang, Y Ba, L Wang, J Li, C Li, LP Dai and WJ Li

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

prevalence of type 2 diabetes mellitus and coronary artery
disease. Diabet Med. 2001;18:842-5. doi: 10.1046/j.1464-
5491.2001.00585 x.

.Al-Daghri NM, Al-Attas OS, Alkharfy KM, Khan N,

Mohammed AK, Vinodson B, Ansari MGA, Alenad A,
Alokail MS. Association of VDR-gene variants with factors
related to the metabolic syndrome, type 2 diabetes and

vitamin D deficiency. Gene. 2014;542:129-33. doi:10.1016/j.

gene.2014.03.044.

.Speer G, Cseh K, Winkler G, Vargha P, Braun E, Takacs I,

Lakatos P. Vitamin D and estrogen receptor gene
polymorphisms in type 2 diabetes mellitus and in android
type obesity. Eur J Endocrinol. 2001;144:385-9. doi: 10.15
30/eje.0.1440385.

. Ye WZ, Reis AF, Dubois-Laforgue D, Bellanne-Chantelot C,

Timsit J, Velho G. Vitamin D receptor gene polymorphisms
are associated with obesity in type 2 diabetic subjects with
early age of onset. Eur J Endocrinol. 2001;145:181-6. doi:
10.1530/eje.0.1450181.

Oh JY, Barrett-Connor E. Association between vitamin D
receptor polymorphism and type 2 diabetes or metabolic
syndrome in community-dwelling older adults: the Rancho
Bernardo Study. Metabolism. 2002;51:356-9. doi: 10.1053/
meta.2002.29969.

Malecki MT, Frey J, Moczulski D, Klupa T, Kozek E,
Sieradzki J. Vitamin D receptor gene polymorphisms and
association with type 2 diabetes mellitus in a Polish
population. Exp Clin Endocrinol Diabetes. 2003;111:505-9.
doi: 10.1055/s-2003-44711.

Shen BS. The association of vitamin D receptor gene
polymorphism with diabetes mellitus in the Han nationality
of Tianjin area. Master’s Thesis of Tianjin Medical
University; 2004. pp.1-49. doi: 10.7666/d.y627633. (In
Chinese)

Shi YJ, Shen Y, Cai LQ, Hu F, Yang YY. Relationship
between vitamin D receptor gene polymorphism and
diabetes mellitus. Chinese Journal of Diabetes. 2007;15:219-
21. doi: 10.3321/j.issn:1006-6187.2007.04.010. (In Chinese)
Xu JR, Lu YB, Geng HF, Wu J, Miao H. Association
between the polymorphism of human vitamin Dreceptor
gene and type 2 diabetes. Journal of Clinical Rehabilitative
Tissue Engineering. 2007;11:5881-3. doi: 10.3321/j.issn:
1673-8225.2007.30.011. (In Chinese)

Zhang P, Su W, Shen BS, Li D, Liu M. Association between
vitamin D receptor gene polymorphism and type 2 diabetes
mellitus of Han Nationality in Tianjin. Tianjin Medical
Journal. 2008;4:255-7. doi: 10.3969/}.issn.0253-9896.2008.
04.006. (In Chinese)

Bid HK, Konwar R, Aggarwal CG, Gautam S, Saxena M,
Nayak VL, Banerjee M. Vitamin D receptor (Fokl, Bsml and
Taql) gene polymorphisms and type 2 diabetes mellitus: a
North Indian study. Indian J Med Sci. 2009;63:187-94. doi:
10.4103/0019-5359.53164.

Ding HG Liu PY, LiuJY, Li Y, Ye H, Wu L, Huang YH. The
association of Vitamin D Receptor gene polymorphism with
latent autoimmune diabetes in adults. Shenzhen Journal of
Integrated Traditional Chinese and Western Medicine. 2009;
19:336-8. (In Chinese)

Lan XC, Huo XJ. Association between vitamin D receptor
(VDR) polymorphism and type 2 diabetes. Strait
Pharmaceutical Journal. 2009;21:141-2. doi: 10.3969/j.issn.
1006-3765.2009.05.071. (In Chinese)

Wang CX. Investigations on the gene polymorphisms of
vitamin D receptor and IL-10 as the risk factors for chronic
periodontitis and type 2 diabetes mellitus. Doctor's thesis of
Southern Medical University; 2009. pp. 1-109. doi: 10.7666/
d.yl 554052. (In Chinese)

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Mukhopadhyaya PN, Acharya A, Chavan Y, Purohit SS,
Mutha A. Metagenomic study of single-nucleotide
polymorphism within candidate genes associated with type 2
diabetes in an Indian population. Genet Mol Res. 2010;9:
2060-8. doi: 10.4238/Vol9-4gmr883.

Su BC. A study on the association of vitamin D receptor
gene polymorphism with type 2 diabetes and complications
of type 2 diabetes. Master's Thesis of Kunming Medical
University; 2011. pp. 29. (In Chinese)

Zhao Y, Yi B, Zhang H. Vitamin D receptor gene
polymorphism and the susceptibility of type 2 diabetes
mellitus. Journal of Clinical Research. 2011;28:668-70. doi:
10.3969/j.issn.1671 -7171.2011.04.027. (In Chinese)
Al-Daghri NM, Al-Attas O, Alokail MS, Alkharfy KM, Draz
HM, Agliardi C, Mohammed AK, Guerini FR, Clerici M.
Vitamin D receptor gene polymorphisms and HLA
DRB1*04 cosegregation in Saudi type 2 diabetes patients. J
Immunol. 2012;188:1325-32. doi: 10.4049/jimmunol.11019
54.

Xu JR, Na XF, Yang Y. Relevance analysis on
polymorphisms of four SNPs of VDR gene and type 2
diabetes mellitus in Ningxia Han population. Journal of Jilin
University (Medicine Edition). 2012;38:985-9. (In Chinese)
Zhang H, Wang JW, Yi B, Zhao Y, Liu Y, Zhang K, Cai X,
Sun J, Huang LH, Liao Q. Bsml polymorphisms in vitamin
D receptor gene are associated with diabetic nephropathy in
type 2 diabetes in the Han Chinese population. Gene.
2012;495:183-8. doi: 10.1016/j.gene.2011.12.049.

Li HM, Miao H, Lu YB, Chen JL, Geng HF, Jiang XQ.
Association between the polymorphism of human vitamin D
receptor gene and the susceptibility of diabetic nephropathy
in Chinese Han population. Chinese Journal of Clinical
Rehabilitation. 2005;9:1-4. doi: 10.3321/j.issn:1673-8225.
(In Chinese)

Li HM, Miao H, Lu YB, Geng HF, Jiang XQ. Association
between DNA polymorphism of human vitamin D receptor
gene and type 2 diabetes mellitus. China Journal of Modern
Medcine. 2005;15:989-92. doi: 10.3969/].issn.1005-8982.
Liao L. Association between status of vitamin D and latent
autoimmune diabetes in adults. Doctor’s thesis of Central
South University; 2005. pp. 1-128. doi: 10.7666/d.y813612.
(In Chinese)

Du T, Zhou ZG, Liao L. Association between the VDR gene
Fok I polymorphism and type 2 diabetes. Journal of
Nanchang University (Natural Science). 2008;32:489-92.
doi: 10.3969/j.issn.1006-0464. (In Chinese)

Bai R, Liu M, Du JL, XingQ, LiuY, Sun LP, Li CC.
Relationship of vitamin D receptor (VDR) Fokl gene
polymorphism with type 2 diabetes and the combined type 2
diabetes and atherosclerosis. Chinese Journal of Diabetes.
2008;17:892-4. doi: 10.3969/;.issn.1006-6187. 2009.12.004.
(In Chinese)

Dilmec F, Uzer E, Akkafa F, Kose E, van Kuilenburg AB.
Detection of VDR gene Apal and Taql polymorphisms in
patients with type 2 diabetes mellitus using PCR-RFLP
method in a Turkish population. J Diabetes Complications.
2010;24:186-91. doi: 10.1016/j.jdiacomp.2008.12.002.
Wang QJ, Xi B, Reilly KH, Liu M, Fu MS. Quantitative
assessment of the associations between four polymorphisms
(FokI, Apal, Bsml, Taql) of vitamin D receptor gene and
risk of diabetes mellitus. Mol Biol Rep. 2012;39:9405-14.
doi: 10.1007/s11033-012-1805-7.

Li L, Wu B, Liu JY, Yang LB. Vitamin D receptor gene
polymorphisms and type 2 diabetes: a meta-analysis. Arch
Med Res. 2013;44:235-41. doi: 10.1016/j.arcmed.2013.02.
002.



VDR Polymorphisms and T2DM risk

Appendix
Begg's funnel plot with pseudo 95% confidence limits Begg's funnel plot with pseudo 95% confidence limits
44 21
24
°
o g M o 9
S 04 S
S ° o s
°
24
4
g 5 15
s.e. of: logor2 s.e. of: logor2

D

Begg's funnel plot with pseudo 95% confidence limits Begg's funnel plot with pseudo 95% confidence limits

44 24
o o
2 14 o
° °
o © o
o™ o~
g 0 e : g
S ° s
o
2 4
°
44 2 4
g 5 1 15 g ) 4 5
s.e. of: logor2

s.e. of: logor2

Supplementary figure 1. Funnel plots for Bsml polymorphism of VDR in T2DM patients. A: BB vs bb; B: Bb vs bb; C: BB vs Bb+bb; D:
BB+Bb vs bb.
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Supplementary figure 2. Funnel plots for Fokl polymorphism of VDR in T2DM patients. A: ff vs FF; B: Ff vs FF; C: ff vs Ff+FF; D:
ff+Ff vs FF.
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