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Abstract
Numerous original studies and 4 published meta-analyses have reported the association between the Vitamin D receptor (VDR)
BsmI, FokI, ApaI, and TaqI polymorphisms and type 2 diabetes mellitus (T2DM) risk. However, the results were inconsistent.
Therefore, an updated meta-analysis was performed to further explore these issues.
To further explore the association between the VDR BsmI, FokI, ApaI, and TaqI polymorphisms and T2DM risk.
PubMed, EMBASE, Scopus, and Wanfang databases were searched. The following search strategy were used: (VDR OR vitamin

D receptor) AND (polymorphismOR variant ORmutation) AND (diabetes ORmellitus OR diabetes mellitus). Pooled crude odds ratios
with 95% confidence intervals were applied to evaluate the strength of association in 5 genetic models. Statistical heterogeneity, the
test of publication bias, and sensitivity analysis were carried out using the STATA software (Version 12.0). To evaluate the credibility of
statistically significant associations, we applied the false-positive report probabilities (FPRP) and Bayesian false discovery probability
(BFDP) test.
Overall, the VDR BsmI polymorphism was associated with a significantly decreased T2DM risk in Asians; the VDR FokI

polymorphism was associated with a significantly decreased T2DM risk in Asians, African countries, and Asian countries; the VDR
ApaI polymorphism was associated with a significantly decreased T2DM risk in Caucasians and North American countries.
On the VDR ApaI polymorphism, a significantly increased T2DM risk was found in a mixed population. However, when we further

performed a sensitivity analysis, FPRP, and BFDP test, less-credible positive results were identified (all FPRP>0.2 and BFDP>0.8)
in any significant association.
In summary, this study strongly indicates that all significant associations were less credible positive results, rather than from true

associations.

Abbreviations: BFDP = Bayesian false discovery probability, CI = confidence interval, FPRP = false-positive report probabilities,
HWE = Hardy–Weinberg equilibrium, OR = odds ratio, PRISMA = Preferred Reporting Items for Systematic Review and Meta-
Analyses, T2DM = type 2 diabetes mellitus, VDR = vitamin D receptor.
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1. Introduction

Type 2 diabetes mellitus (T2DM) is a progressive chronic disease
that is marked by the inability of tissues such as the liver and
skeletal muscles to respond to insulin, it has become a significant
global healthcare problem and its reported incidence is increasing
at an alarming rate. Based on the recent International Diabetes
Federation Diabetes Atlas (9th edition) an estimated 463 million
global citizens are suffering from diabetes, costing around 10%
of global health spending ($760 billion). Projections based on
current trends predict that 700.2 million people will be living
with diabetes by 2045; which means that 1 in 11 people will be
affected, with an excessive amount of funding required globally
to treat diabetes and manage diabetic complications.[1] There-
fore, it will be very important to explore the potential pathogenic
factors. The pathogenesis of T2DM is complex, many factors
such as geography, obesity, diet and exercise, genetic susceptibil-
ity, and other possible factors have been discovered, among them,
genetic predisposition plays a crucial role in the development of
T2DM,[2] although its manifestation is highly dependent on
environmental factors.
Vitamin D receptor (VDR) was the most extensively reported,

which is a member of the nuclear receptor superfamily of
transcriptional regulators and located on chromosome 12q13,[3]

through binding to vitamin D responsive elements (VDREs and
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nVDREs), respectively, which is located in the promoter region of
target genes to regulates gene transcription positively or
negatively.[4] The VDR is expressed in many different cell types
such as pancreatic b-cells,[5] vascular smooth muscle cells,[6]

osteoblasts and chondrocytes,[7] liver, adipose tissue,[8] muscle,[9]

dendritic cells, and lymphocytes.[10] Therefore, the VDR protein
regulates the expression of genes involved in diverse biological
functions, and it has also been shown to play a significant role in
T2DM.[11,12]

Over the past several years, more than 25 VDR polymorphism
genes have been identified,[13] BsmI, FokI, ApaI, and TaqI are the
most studied genes with T2DM, but their relationships are still
controversial and uncertain. There also reported several related
meta-analyses on the VDR BsmI, FokI, ApaI, and TaqI
polymorphisms with the risk of T2DM,[14–17] however, their
results were also inconsistent. And the literature quality assess-
ments had not been performed or there’s no definite number in
their studies.[14–17] Moreover, previously published meta-anal-
yses also did not evaluate positive results to identify multiple
comparisons. Hence, to further clarify the existing epidemiologi-
cal evidence and analyze the relationship between VDR genetic
polymorphisms (BsmI, FokI, ApaI, and TaqI) and T2DM risk,
this study systematically reviewed the literature again and
conducted an updated meta-analysis. this study included more
studies and reliable results than previously published meta-
analysis.[14–17]
2. Materials and methods

2.1. Search strategy

We performed the current study according to the guidelines of the
PRISMA group.[18] We searched databases including PubMed,
EMBASE, Scopus, and the Chinese Wanfang Data Knowledge
Service Platform. In addition, we also searched the Catalog of
Published Genome-Wide Association Studies (www.genome.gov/
gwastudies) of the US National Human Genome Research
Institute. The following search strategy were used: (VDR OR
vitamin D receptor) AND (polymorphism OR variant OR
mutation) AND (diabetes ORmellitus OR diabetes mellitus). The
search deadline is September 12, 2020. In addition, the reference
lists of previously published meta-analysis[14–17] were also
checked.

2.2. Selection criteria

The inclusion criteria were as follows: (1) case-control or cohort
studies; (2) described the association on the VDR BsmI, FokI,
ApaI, and TaqI polymorphisms with T2DM risk; and (3)
provided sufficient genotype data or the odds ratio (OR) with
their 95% confidence intervals (CI) in the selected literature. The
exclusion criteria were: (1) duplicated studies or data; (2) studies
with no available data; and (3) case reports, reviews, and letters.

2.3. Data extraction and quality score assessment

Data were extracted and checked by 2 investigators indepen-
dently. Disagreement was settled through discussion and
consensus. The extracted information was as follows: (1) first
author, (2) year of publication, (3) country, (4) geographic
region, (5) ethnicity, (6) sample size of cases and controls, (7)
source of controls, (8) type of controls, (9) matching, and (10)
genotype distributions in cases and controls.
2

The quality score assessment of selected studies was also
independently conducted by 2 authors. Table 1, Supplemental
Digital Content, http://links.lww.com/MD/G216 lists the scale
for quality assessment of molecular association studies of T2DM.
The total score was 18 points, studies scoring >11 were high,
those scoring <8 were low, and those scoring between 8 and 11
were moderate.

2.4. Statistical analysis

The crudeORswith their corresponding 95%CIs were employed
to evaluate the strength of association between the VDR genetic
polymorphisms (BsmI, FokI, ApaI, and TaqI) and T2DM risk.
P< .05 was considered as statistically significant results. Five
genetic models were used: (1) an allele model; (2) an additive
model; (3) a dominant model; (4) a recessive model; and (5) an
over-dominant model. Heterogeneity among studies applied Chi-
square-based Q test and I2 value. There was no obvious
heterogeneity among studies if P> .10 and/or I2�50%[19] and
the ORs were pooled to apply a fixed-effects model.[20]

Otherwise, a random-effects model was conducted.[21] Further-
more, a meta-regression analysis was applied to explore sources
of heterogeneity. Subgroup analyses were performed by
geographic region and ethnicity. We assessed sensitivity analysis
by including high-quality and Hardy–Weinberg equilibrium
(HWE) in control studies. HWE was examined using Chi-square
goodness-of-fit test and it was regarded as HWE in controls if
P> .05. The publication bias was estimated using the Begg funnel
plot and Egger test.[22] A nonparametric “trim and fill”
method[23] will be employed to add missing studies if an obvious
publication bias was found. Finally, the false-positive report
probabilities (FPRP)[24] and the Bayesian False Discovery
Probability (BFDP) test[25] were applied to assess the credibility
of statistically significant associations. We preset a noteworthy
value (FPRP<0.2 and BFDP<0.8) and set a prior probability of
0.01 to detect risk.[24,23] All statistical analyses were conducted
using Stata 12.0 software (STATA Corporation, CollegeStation,
TX).
3. Results

3.1. Search results and study characteristics

Figure 1 shows a more detailed search process. These searches
returned 936 records, of which 355 were excluded as irrelevant
based on the reading of the title and abstract. The remaining 58
articles were read in full by the 2 authors independently. Two
studies were excluded because of no normal control group and
valid data. As a result, 56 studies met these requirements and
were included in this study. The current and previously published
meta-analyses involving studies were shown in Table 2,
Supplemental Digital Content, http://links.lww.com/MD/G216.
56 studies met our requirements,[26,27,28–34,19,35–80] of which 37
studies reported the VDR BsmI (5586 cases and 6484 controls),
31 studies examined the VDR FokI (6525 cases and 7464
controls), 19 studies investigated the VDR ApaI (2593 cases and
3557 controls), and 24 studies explored the VDR TaqI (3221
cases and 4027 controls) with T2DM risk, as shown in Figure 1
and Table 4, Supplemental Digital Content, http://links.lww.
com/MD/G216. Among these studies, 25, 22, 6, and 4 of the
studies were conducted to analyze Asians, Caucasians, Indians,
and mixed populations, respectively. Finally, there were 12 high-
quality studies, 19 medium-quality studies, and 6 low-quality
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Records identidied through
database searching(n=936)

Additional records identidied
through other sources(n=0)

Records after duplicates removed (n=413)

Records screened (n=413)

records excluded through
reading title/abstract(n=355)

Full-text articles assessed
for eligibility (n=58)

Full-text articles excluded (n=2):
No normal control group (n=1)

No valid data (n=1)

Articles included in meta-analysis (n=56)

BsmI
37 articles

TaqI
24 articles

ApaI
19 articles

FokI
31 articles

Figure 1. Flow diagram for identifying and including studies in the current meta-analysis.
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studies on the VDR BsmI, 13 high-quality studies, 15 medium-
quality studies, and 2 low-quality studies on the VDR FokI, 10
high-quality studies, 9 medium-quality studies on the VDR ApaI,
and 13 high-quality studies and 11medium-quality studies on the
VDR TaqI. The detailed characteristics and scoring of each study
are displayed in Table 4, Supplemental Digital Content, http://
links.lww.com/MD/G216. The genotype frequencies of VDR
BsmI, FokI, ApaI, and TaqI polymorphisms with T2DM risk and
HWE test results were shown in Table 4, Supplemental Digital
Content, http://links.lww.com/MD/G216.

3.2. Quantitative synthesis

Table 1 shows the results on the association between the VDR
BsmI and T2DM risk. No significant association was observed in
the overall analysis. Subgroups were conducted by ethnicity and
geographic region, the VDR BsmI was associated with a
significantly decreased T2DM risk in Asians (BB vs (Bb+bb):
OR=0.77, 95% CI=0.60–0.99). Unfortunately, after FPRP and
BFDP correction, less-credible results were found in Asians, as
shown in Table 5.
3

Table 2 summarizes the results on the association between the
VDR FokI and T2DM risk. Overall, a significantly decreased
T2DM risk was observed in overall analysis (FF vs ff: OR=0.90,
95% CI=0.84–0.96; (FF+Ff) vs ff: OR=0.98, 95% CI=0.96–
1.00), Asians (FF vs ff: OR=0.87, 95% CI=0.82–0.93; (FF+Ff)
vs ff: OR=0.97, 95% CI=0.94–0.99; FF vs (Ff+ ff): OR=0.79,
95% CI=0.69–0.90; F vs f: OR=0.93, 95% CI=0.90–0.96),
African countries (FF vs ff: OR=0.77, 95%CI=0.62–0.96), and
Asian countries (FF vs ff: OR=0.91, 95% CI=0.84–0.98; (FF+
Ff) vs ff: OR=0.97, 95% CI=0.95–1.00; FF vs (Ff+ ff): OR=
0.84, 95% CI=0.75–0.95, F vs f: OR=0.94, 95% CI=0.89–
0.99). After FPRP and BFDP correction, associations remained
significant in the overall population, Asians, and African
countries, as shown in Table 5.
The results of the association on the VDR ApaI with T2DM

risk are shown in Table 3. No significantly decreased T2DM risk
was found in the overall analysis. Then, subgroup analyses result
observed a significantly decreased T2DM risk in Caucasian (Aa
vs aa: OR=0.94, 95% CI=0.89–0.99; (Aa+AA) vs aa: OR=
0.96, 95%CI=0.93–1.00) and North American countries (Aa vs
aa: OR=0.90, 95% CI=0.81–1.00). In addition, a significantly
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Table 5

Credibility analysis of positive results in the present study.

Credibility

Prior probability of 0.001

Variables Model OR (95% CI) I2 (%) FPRP BFDP

VDR BsmI polymorphism and T2DM risk
Asian BB vs (Bb+bb) 0.77 (0.60, 0.99) 40.5 0.979 0.998
VDR FokI polymorphism and T2DM risk
Overall FF vs ff 0.90 (0.84, 0.96) 51.6 0.579 0.990

(FF+Ff) vs ff 0.98 (0.96, 1.00) 45.4 0.980 1.000
FF vs (Ff+ ff) 0.83 (0.75, 0.92) 62.4 0.280 0.954
F vs f 0.93 (0.89, 0.97) 67.6 0.422 0.989

Asian FF vs ff 0.87 (0.82, 0.93) 34.2 0.041 0.797
(FF+Ff) vs ff 0.97 (0.94, 0.99) 0.0 0.775 0.999
FF vs (Ff+ ff) 0.79 (0.69, 0.90) 53.3 0.284 0.945
F vs f 0.93 (0.90, 0.96) 45.9 0.007 0.604

Indian (FF+Ff) vs ff 0.19 (0.07, 0.49) – 0.992 0.981
F vs f 0.28 (0.13, 0.62) – 0.991 0.985

Africa FF vs ff 0.77 (0.62, 0.96) 54.9 0.957 0.997
FF vs (Ff+ ff) 0.67 (0.56, 0.81) 51.1 0.063 0.591

Asia FF vs ff 0.91 (0.84, 0.98) 50.5 0.927 0.999
(FF+Ff) vs ff 0.97 (0.95, 1.00) 37.5 0.980 1.000
FF vs (Ff+ ff) 0.84 (0.75, 0.95) 56.9 0.846 0.995
F vs f 0.94 (0.89, 0.99) 60.7 0.951 0.999

Sensitivity analysis for VDR FokI polymorphism and T2DM risk
Overall FF vs ff 0.93 (0.87, 1.00) 15.9 0.980 1.000

FF vs (Ff+ ff) 0.89 (0.81, 0.97) 21.8 0.888 0.997
F vs f 0.96 (0.92, 1.00) 36.6 0.980 1.000

Asian FF vs ff 0.92 (0.83, 1.00) 47.0 0.980 0.999
Caucasian FF vs (Ff+ ff) 0.85 (0.74, 0.98) 3.6 0.962 0.998

F vs f 0.94 (0.88, 1.00) 37.3 0.980 1.000
Mixed Ff vs ff 1.25 (1.05, 1.48) – 0.907 0.996

(FF+Ff) vs ff 1.15 (1.01, 1.31) – 0.973 0.999
Africa FF vs ff 0.85 (0.71, 1.00) – 0.980 0.999

FF vs (Ff+ ff) 0.69 (0.53, 0.91) – 0.935 0.994
F vs f 0.84 (0.74, 0.95) – 0.846 0.995

Asia FF vs ff 0.92 (0.84, 1.00) 38 0.980 0.999
F vs f 0.96 (0.92, 1.00) 32.7 0.980 1.000

VDR ApaI polymorphism and T2DM risk
Caucasian Aa vs aa 0.94 (0.89, 0.99) 0.0 0.951 0.999

(Aa+AA) vs aa 0.96 (0.93, 1.00) 0.0 0.980 1.000
Mixed AA vs (Aa+aa) 1.52 (1.04, 2.22) – 0.985 0.997
North America Aa vs aa 0.90 (0.81, 1.00) 55.3 0.980 0.999

BFDP=Bayesian false discovery probability, CI= confidence interval, FPRP= false-positive report probabilities, OR= odds ratio, T2DM= type 2 diabetes mellitus, VDR= vitamin D receptor.
The positive results of VDR polymorphisms and type 2 diabetes mellitus risk.

Liu et al. Medicine (2021) 100:28 Medicine
increased T2DM risk was observed in mixed populations (AA vs
(Aa+aa): OR=1.52, 95% CI=1.04–2.22). After FPRP and
BFDP correction, less-credible results were found in Caucasian,
North American countries, and mixed populations, as also
shown in Table 5.
As lists in Table 4, there was no significant association in

overall and subgroup analyses on the VDR TaqI polymorphism
with T2DM risk.
3.3. Heterogeneity and sensitivity analyses

Heterogeneity was shown in Tables 1–4. Some potential factors
were considered as sources of heterogeneity, such as geographic
region, ethnicity, sample size, quality score, and HWE. Then, we
applied a meta-regression analysis to investigate sources of
heterogeneity. No covariate was identified as a potential source of
heterogeneity among studies for the VDR BsmI and ApaI.
8

However, we found that ethnicity (FF vs (Ff+ ff): P= .004; F vs f:
P< .001), sample size (F vs f: P= .016), quality score (FF vs (Ff+
ff): P= .006; F vs f: P= .001), and HWE (FF vs (Ff+ ff): P= .018; F
vs f: P= .002) were the source of heterogeneity in the overall
analysis for the VDR FokI polymorphism. Concerning the VDR
TaqI polymorphism, the quality of selected studies was the source
of heterogeneity in the overall population (Tt vs tt: P= .033).
Sensitivity analyses were estimated by applying 2 methods in

this meta-analysis. First, results did not change removing a single
study each time. Second, when we excluded studies of low quality
and Hardy–Weinberg disequilibrium (HWD) in controls, no
significantly decreased or increased T2DM risk was observed for
the VDR BsmI, ApaI, and TaqI polymorphisms, as also shown in
Tables 1, 3 and 4.
A significant association was observed in the overall analysis

(FF vs ff: OR=0.93, 95% CI=0.87–1.00; FF vs (Ff+ ff)): OR=
0.89, 95% CI=0.81–0.97), Asians (FF vs ff: OR=0.92, 95%
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CI=0.83–1.00; FF vs (Ff+ ff): OR=0.85, 95% CI=0.74–0.98; F
vs f: OR=0.94, 95%CI=0.88–1.00), African countries (FF vs ff:
OR=0.85, 95% CI=0.71–1.00; F vs f: OR=0.84, 95% CI=
0.74–0.95), Asian countries (FF vs ff: OR=0.92, 95%CI=0.84–
1.00; F vs f: OR=0.96, 95% CI=0.92–1.00), and mixed
populations (Ff vs ff: OR=1.25, 95%CI=1.05–1.48; (FF+Ff) vs
ff: OR=1.15, 95% CI=1.01–1.31) between the VDR FokI
polymorphism and T2DM risk, as also shown in Table 2.
However, after FPRP and BFDP correction, less-credible results
were found in overall, Asians, African countries, Asian countries,
and mixed populations, as also lists in Table 5.
3.4. Publication bias

Publication bias was only observed between the VDR BsmI
polymorphism and T2DM risk by Begg funnel plot and Egger test
((BB+Bb) vs Bb: P= .041; B vs b: P= .044). Then, A
nonparametric “trim and fill” method was used to adjust
publication bias, We need to add 6 articles and 4 articles in the
future for (BB+Bb) vs Bb and B vs b models, respectively, as
shown in Figure 2. The results did not change for (BB+Bb) vs Bb
(BB + Bb) vs. bb  

B vs. b 

Filled funnel plot with pseudo 95% confidence limits
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Figure 2. Begg funnel plot to assess publication bias.

9

and B vs b models (data not shown) in the overall analysis
indicating that add studies cannot affect the merging results.

4. Discussion

T2DM is a chronic, complex, and life-long disease with a strong
genetic component, which has a significant impact on quality of
life, and increases the morbidity and mortality of other diseases,
the etiology of T2DM is not elucidated till now. There were a lot
of significant evidence indicating that the 4 VDR gene
polymorphisms (BsmI, FokI, ApaI, and TaqI) have been
considered as potential genetic factors for T2DM. However,
the results from published studies are still inconsistent.Moreover,
4 previously published meta-analyses[14–17] also have yielded
obvious disagreement results, as lists in Table 3, Supplemental
Digital Content, http://links.lww.com/MD/G216. Thus, further
evidence needs to clarify their associations with T2DM risk, and
as far as we know that this is the first meta-analysis to explore the
positive results by FPRP and BFDP test to avoid confounding
factors.
Overall, the VDR BsmI polymorphism was associated with a

significantly decreased T2DM risk in Asians; the VDR FokI
polymorphism was associated with a significantly decreased
T2DM risk in Asians, African countries, and Asian countries; the
VDR ApaI polymorphism was associated with a significantly
decreased T2DM risk in Caucasians and North American
countries. On the VDR ApaI polymorphism, a significantly
increased T2DM risk was found in a mixed population. The
current study was performed by applying multiple subgroups and
different genetic models, at the cost of multiple comparisons, in
which case the pooled P value must be adjusted.[81] FPRP was
considered as an appropriate approach to evaluate the
probability of significant results on the multiple hypothesis
testing of gene polymorphism and disease susceptibility stud-
ies.[24] In addition, Ioannidis JP et al[25] provided a more precise
Bayesian measure of false discovery in genetic epidemiology
studies. Therefore, we employed FPRP and BFDP test to evaluate
the false significant associations in this manuscript. Results of
meta-regression analysis suggested that studies of ethnicity,
sample size, quality score, and HWD were the source of
heterogeneity. Deviation from HWE in controls may indicate
selection bias, population stratification, or genotyping errors.[82]

In addition, random error and bias may be common in some
small samples, low quality, and HWD in control studies, so that
the results of these original researches can not be credible,
especially in the studies of gene polymorphism and disease
susceptibility. Moreover, as we know, small sample studies with
significant results may be easier to accept than those with negative
reports. However, when they tend to come positive results, their
studies maybe not rigorous and often of low-quality. Hence, we
assessed sensitivity analysis by including high-quality and HWE
in control studies. However, when we further performed a
sensitivity analysis, FPRP, and BFDP test, less-credible positive
results were identified (all FPRP>0.2 and BFDP>0.8).
The VDR FokI polymorphism is located within the 50 end of

the gene near the promoter region. FokI polymorphism not only
affects the function of the Vitamin D3 but also interrupts the
binding efficiency of vitamin D and VDR, impairing insulin
function and leading to T2DM finally. However, the single SNP
role was much weak, this study indicates that significant
association is less-credible positive results, we thought the
VDR FokI polymorphismmaybe not associated with T2DM risk.

http://links.lww.com/MD/G216
http://www.md-journal.com
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In addition. It has been indicated that the VDR TaqI
polymorphism is a silent mutation despite being located in exon
9, and both BsmI and ApaI are located in the intron between
exons 8 and 9 and do not alter the amount of the VDR protein,
structure, or function.[27] These biological functions supported
our findings.
Table 3, Supplemental Digital Content, http://links.lww.com/

MD/G216 shows the results of previously published meta-
analyses on the association between the VDR (BsmI, FokI, ApaI,
and TaqI) polymorphisms and T2DM risk. Yu et al[14] in 2016
found that the VDR BsmI polymorphism significantly increased
T2DM risk only in overall analysis; Zhu et al[15] in 2014 and Li
et al[16] in 2013 reported that the VDR BsmI polymorphism was
not associated with T2DM risk in overall populations, Asians
and Caucasians; Wang et al[17] in 2012 observed that the VDR
BsmI polymorphismwas associatedwith an increased T2DM risk
in overall populations and Asians, as shown in Table 3,
Supplemental Digital Content, http://links.lww.com/MD/G216.
Yu et al[14] in 2016 reported that the FokI polymorphism
significantly decreased T2DM risk in the overall analysis and
Chinese population; Wang et al[17] in 2012 observed that the
VDR FokI polymorphism was associated with a decreased
T2DM risk in overall populations and Asians; Li et al[16] in 2013
found that the VDR FokI polymorphism was not consistently
associated with either increased or decreased risk of T2DM in the
overall analysis, as shown in Table 3, Supplemental Digital
Content, http://links.lww.com/MD/G216. Previously published
meta-analyses did not found any significant association between
the VDR (ApaI and TaqI) polymorphisms and T2DM risk, as
shown in Table 3, Supplemental Digital Content, http://links.
lww.com/MD/G216. An obvious inconsistency was found in the
classification of ethnic groups between these previously published
meta-analyses and the present meta-analysis. Furthermore, all
previously published meta-analyses did not adjusted ORs and
their 95% CI. In addition, the sample size of this study was much
larger. In the present study, 37 studies reported the VDR BsmI
(5586 cases and 6484 controls), 31 studies examined the VDR
FokI (6525 cases and 7464 controls), 19 studies investigated the
VDR ApaI (2593 cases and 3557 controls), and 24 studies
explored the VDR TaqI (3221 cases and 4027 controls) with
T2DM risk. Previously meta-analyses reported the largest sample
size only including 18 studies (2757 cases and 3517 controls) for
the VDR BsmI, 12 studies (2218 cases and 1859 controls) for the
VDR FokI, and 10 studies for the ApaI (1430 cases and 2441
controls), as shown also in Table 3, Supplemental Digital
Content, http://links.lww.com/MD/G216. In addition, Yu
et al[14] used 4 genetic models, Zhu et al[15] applied 3 genetic
models, and Li et al[16] andWang et al[17] only employed 1 genetic
model. Therefore, their results may be not credible.
The current meta-analysis, there has some advantages: (1) we

assessed the quality of included studies; (2) we applied FPRP and
BFDP test to evaluate the significant associations; (3) we explored
sources of heterogeneity by meta-regression analysis; and (4) the
sample size was larger over the previous meta-analysis. However,
some potential limitations should be considered in the current
meta-analysis. First, some potential covariates were not con-
trolled, for example, age, gender, and so on. Second, in the
subgroup analyses, the number of studies was small in Indians,
North America, South America, and Africa, and there was not
enough statistical power to explore their real associations. Third,
T2DM is a complicated multi-genetic disease, the association was
very weak between the single SNP and T2DM risk, unfortunate-
10
ly, no data were extracted on exploring the combined effects
between gene and gene or gene and environment. Therefore, the
study with a large sample size and a large enough subgroup will
help to verify our findings.
In summary, this study strongly indicates that all significant

associations were less credible positive results, rather than from
true associations. Future larger-scale epidemiological investiga-
tions of this topic should be conducted to confirm or refute our
findings.
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