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Abstract
Background Evidence from various studies suggest that vitamin D receptor (VDR) gene polymorphisms are associated with type
2 diabetes (T2D); However, these results have been disputable. Here we conducted a meta-analysis to comprehensively evaluate
the effect of VDR gene polymorphisms and susceptibility to T2D.
Methods All relevant studies reporting the association between VDR gene polymorphisms and susceptibility to T2D published
up to August 2020 were identified by comprehensive systematic database search in web of science, Scopus, andMedline. Pooled
odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to measure strength of association. The methodological
quality of each study was assessed according to the Newcastle–Ottawa Scale. Subgroup and meta-regression analysis were also
performed.
Results A total of 47 case–control studies were included in this meta-analysis. The overall population results revealed a signif-
icant association between FokI, and BsmI (heterozygote model) polymorphisms and T2D in the overall analysis. However, no
association was found with the TaqI and ApaI polymorphisms. Moreover, the pooled results of subgroup analysis by ethnicity
suggested significant association between FokI, TaqI, and BsmI polymorphisms and T2D in some subgroups. Meta-regression
analyses indicated that none of the publication year, ethnicity, and genotyping method were the source of heterogenicity in all
four polymorphisms.
Conclusions This meta-analysis suggested a significant association between VDR gene FokI, and BsmI (heterozygote model)
polymorphisms and T2D susceptibility in overall population and ethnic-specific analysis.
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Abbreviations
T2DM Type 2 diabetes mellitus
VDR Vitamin D receptor
VitD Vitamin D,
SNP Single nucleotide polymorphisms
IL Interleukin
PRISMA Preferred Reporting Items for Systematic

reviews and Meta-Analyses
NOS Newcastle-Ottawa Scale
UVR Ultraviolet radiation
Th T helper
TNF Tumor necrosis factor
IFN Interferon; HWE, Hardy–Weinberg

equilibrium
PCR- RFLP Polymerase chain reaction-restriction

fragment length polymorphism.

Background

Type 2 diabetes mellitus (T2D) is recognized as chronic met-
abolic disease with progressive reduction in pancreatic β-cell
secretion, glucose intolerance, and hyperglycemia [1].
According to the latest report released by International
Diabetes Federation (IDF), it is estimated that 424.9 million
people in the world were diagnosed with diabetes in 2017, and
predictions demonstrate excision of this number from 628.6
million by 2045 [2–4]. Specifically, T2D which is the most
prevalent form of diabetes worldwide account for 90 to 95%
of all types of diabetes [5]. Although the exact etiologies un-
derlying T2D is not clear, however subclinical inflammation
and immune system are among effective factors in the devel-
opment of T2D and subsequent disorders such as retinopathy,
neuropathy, nephropathy and cardiovascular abnormality [6,
7]. From pathophysiological perspective, T2D is characterized
as a polygenic and multi-factorial disease which necessitate
deeper investigation of genetic factors besides of life style, and
environmental agents. In this regard, researches on polymor-
phisms of possible effective genes in development of T2D
become one of the most popular areas in recent years and
some studies revealed potential roles of SNPs in development
of T2D [8, 9].

Parallel with mentioned reasons in etiology of T2D,
diet also must consider as effective factor. With knowledge
to substantial roles of Vitamin D (VD) in control of insulin
secretion by regulation of calcium concentration and different
other roles, any genetic polymorphism which change VD ab-
sorption or VD receptor functions, directly influence etiology
of T2D [10, 11]. Other potential roles for VD are regulation of
the insulin receptor gene and increasing insulin sensitivity in
muscle and adipose tissues by activation of PPAR-δ (tran-
scriptional factor) [12]. It is noteworthy that VD regulate
about 3% of human genome and mostly these function exert

by its receptor (VDR) [13]. VDR is a member of the nuclear
hormone receptors superfamily with a DNA binding domain
and its gene is located on chromosome 12q13.1 consist of 11
exons [14, 15]. Four common single nucleotide polymor-
phisms (SNPs) of VDR gene are FokI (rs2228570), TaqI
(rs731236), BsmI (rs1544410), and ApaI(rs7975232) [16,
17]. Of them, polymorphisms of ApaI, BsmI, and TaqI are
located in the 3′-end of VDR gene which lead to silent muta-
tion associated with increased VDR mRNA stability. In con-
trast, FokI SNP is located in the start codon resulting protein
with shorter size, the shorter form of the protein (424amino
acid) is more active than the long form (427amino acid)
[18–21]. So far, several studies investigated the potential roles
of these common SNPs in T2D but results are conflicting;
therefore, here we conducted an updated meta-analysis with
the aim of providing a much more reliable conclusion on the
significance of the associations.

Methods and analysis

This study adhered to the Preferred Reporting Items for
Systematic reviews andMeta-Analyses(PRISMA) guidelines,
including; literature retrieval, inclusion and exclusion criteria,
data extraction, quality assessment, and statistical analysis
[22]. Since we did not any experiment on human participants
or animals, therefore no ethical approval was needed.

Literature retrieval

A systematic search in Medline, Scopus, and Web of Science
databases was carried out to retrieve all articles considering
p o l ymo r p h i sm s o f VDR (Fo k I ( r s 2 22 8570 ) o r /
andTaqI ( r s731236)o r / andBsmI ( r s1544410) o r /
andApaI(rs7975232) and T2D. Search time interval was range
from the register to August 2020. The major key words and
Medical Subject Headings (Mesh) were as follow: (“T2D”OR
“type 2 diabetes” OR “diabetes”) AND (VDR” OR “vitamin
D receptor”) AND (“polymorphisms” OR “single nucleotide
polymorphism” OR “SNP” OR “variation”). These studies
used Polymerase Chain Reaction-Restriction Fragment
Length Polymorphism (PCR-RFLP) and allelic discrimina-
tion technique by Taq-Man Real-time PCR for genotyping
the four VDR polymorphisms. In addition, cross references
within both original and review articles were searched for
possible publications.

Inclusion and exclusion criteria

To find desirable articles, the following criteria were consid-
ered: 1) observational studies (case–control and cohort) con-
sidering the association between VDR gene polymorphisms
and T2D as the main outcome; 2) Studies with calculable or
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extractable data for odds ratio (OR) and 95% confidence in-
tervals (CIs); 3) studies providing detailed genotype frequen-
cies and the total number of cases and controls. Other studies
including reviews, book chapters, duplicates and irrelevant
publications were excluded. Finally, 47 case–control studies
finalized for analysis.

Data extraction

The following items were recorded from all 47 eligible stud-
ies: the first author’s name,, mean or range of age, year of
publication, total sample size of cases and controls, ethnicity,
country of origin, genotyping method, allele frequency of
cases and controls, and the number of cases and controls for
each genotype. The ethnicity classification of the included
studies was determined by direct statement of the authors in
the method section of the articles. Any possible controversy
about extracted items were resolved by consensus.

Quality assessment

In order to assess methodological quality of included studies
Newcastle-Ottawa Scale (NOS) was applied by two re-
viewers. The NOS consists of three aspects (Selection,
Comparability, and Exposure) with nine items in total. The
final score ranges from zero star to nine stars and studies with
scores 0–3, 4–6 or 7–9 were of low, moderate or high-quality,
respectively [23].

Statistical analysis

χ2-test in control group was utilized to recognize deviation
from Hardy–Weinberg equilibrium (HWE). The effect size of
the association between VDR gene polymorphisms and T2D
was assessed by ORs and its 95% CI. Different comparison
models for FokI, TaqI, BsmI, ApaI were as follow: FokI;
dominant model (ff + Ff vs. FF), recessive model (ff vs. Ff +
FF), allelic model (f vs. F), homozygote (ff vs. FF), and het-
erozygote (Ff vs. FF):TaqI; dominant model (tt + Tt vs. TT),
recessive model (tt vs. Tt + TT), allelic model (t vs. T), homo-
zygote (tt vs. TT), and heterozygote (Tt vs. TT):BsmI; dom-
inant model (bb + Bb vs. BB), recessive model (bb vs. Bb +
BB), allelic model (b vs. B), homozygote (bb vs. BB), and
heterozygote (Bb vs. BB):ApaI; dominant model (aa+Aa vs.
AA), recessive model (aa vs. Aa+AA), allelic model (a vs. A),
homozygote (aa vs. AA), and heterozygote (Aa vs. AA). The
potential between study heterogeneity was estimated by
Cochran’s Q-statistic (P value<0.10 was considered as statis-
tically significant) and I-squared (I2) tests [24].Accordingly,
the fixed-effected model (FEM) was used if PQ-statistic > 0.10
or I2 was<50%; otherwise, the random-effected model (REM)
was applied [25, 26]. To identify predefined sources of het-
erogeneity among included studies, subgroup analysis and

meta-regression analysis based on years of population, ethnic-
ity, and genotyping method were performed. Additionally, we
evaluate the conclusiveness and robustness of results by ex-
cluding each of the studies from the pooled estimate and an-
alyzing the rest of them. This method enables the assessment
of whether the pooled estimates were affected by any individ-
ual studies. To discover the risk of publication bias and the
small-study effect, Begg’s funnel plots and Egger’s regression
test were estimated (P value<0.05 considered statistically sig-
nificant) [27, 28]. The data analyses were carried out using
STATA (version 14.0; Stata Corporation, College Station,
TX) and SPSS (version 23.0; SPSS, Inc. Chicago, IL).

Results

Study characteristics

The four-phase search and screening process based on the
PRISMA statement is outlined in Fig. 1. After the removal
of duplicates, 855 publications were remained. Of these, 744
publications were excluded based on title & abstract and 64
publications excluded by full text evaluation. Ultimately, 47
eligible studies were included in final analysis. All eligible
studies were published between 1999 to 2020 and had an
overall good methodological quality with NOS scores ranging
from 6 to 8. Tables 1 and 2 summarized the characteristics and
genotype frequency of the included studies.

Quantitative synthesis

Meta-analysis of FokI (rs2228570) polymorphism

A total of 29 case-control studies with 7260 patients and 7771
controls were included in overall analysis. Of them, 3 publi-
cations were performed in European countries [29–31], 17
publications were in Asian countries [32–48], 4 publications
in African countries [49–52], and 5 publications in American
countries [53–57]. The pooled results of overall analysis dem-
onstrated a significant positive association between the FokI
gene polymorphism and T2D under all five genotype models;
dominant model (OR = 1.37, 95%CI = 1.11–1.68, P < 0.001),
recessive model (OR = 1.10, 95% CI = 0.99–1.21, P = 0.06),
allelic model (OR = 1.24, 95% CI = 1.09–1.42, P < 0.001), ff
vs. FF model (OR = 1.36, 95% CI = 1.09–1.70, P < 0.001),
and Ff vs. FF model (OR = 1.34, 95% CI = 1.09–1.66, P <
0.001) (Fig. 2). Moreover, subgroup analysis by ethnicity de-
tected an increased susceptibility of T2D in Asian population
across all five genotype models (Fig. 3). No significant asso-
ciation were found in African, European and people with
mixed ethnicity (mostly composed of Caucasians, Latins,
and American-Africans).
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Meta-analysis of TaqI (rs731236) polymorphism

Twenty-three case-control studies containing 4579 patients
and 4815 controls were identified eligible for quantitative syn-
thesis. Qualified studies were conducted in different countries
including Asian countries [32–36, 40, 44, 46, 58–62],
American countries [54, 56, 63, 64], European countries [29,
65–67] and African countries [49]. There was no association
between TaqI SNP and T2D in overall analysis. However,
subgroup analysis by ethnicity revealed increased susceptibil-
ity of T2D in Asian population in recessive model (OR = 1.17,
95% CI = 1–1.37, P = 0.05) and tt vs. TT model (OR = 1.21,
95% CI, 1.01–1.45, P = 0.03), but not other models and de-
creased susceptibility of T2D in European population in dom-
inant model (OR = 0.77, 95% CI = 0.61–0.97, P = 0.02) and
Tt vs. TT model (OR = 0.78, 95% CI, 0.61–0.99, P = 0.04),

but not other models. Moreover, no significant association
was detected for mixed ethnicity (Fig. 3).

Meta-analysis of BsmI (rs1544410) polymorphism

Herein, 25 studies provided data onBsmI gene polymorphism.
A total of 5334 patients and 6015 controls were included in
the analysis. Most of included studies were performed in
Asian countries [32–34, 36, 37, 39, 40, 42, 44, 46, 58, 61,
68, 69] and other studies were in Europe [29, 30, 65, 70],
America [55, 56, 63] and Africa [49, 50, 52]. No significant
association was found for both overall and ethnic-specific
subgroup analysis except Bb vs. BB model in overall analysis
(OR = 1.17, 95%CI, 1.05–1.31, P < 0.001) and Asians (OR =
1.24, 95% CI, 1.09–1.41, P < 0.001).

Fig. 1 Flow diagram of study
selection process
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Meta-analysis of ApaI (rs7975232) polymorphism

There were 14 case-control studies with 3328 patients and
3710 controls regarding ApaI gene polymorphism and T2D.
Three studies were conducted in Europe [29, 65, 67], eight
studies were in Asia [35, 36, 39, 40, 44, 59, 71], and three
studies were in American population [56, 63, 64]. The pooled
results rejected any significant association in overall and sub-
group analysis. The results of pooled ORs, heterogeneity and
publication bias tests in different analysis models are shown in
Table 3.

Evaluation of heterogeneity and publication bias

During the meta-analysis of VDR gene polymorphisms, evi-
dence of substantial to moderate heterogeneity were detected.
However, partial heterogeneity was resolved while the data
were stratified by ethnicity. Publication bias was evaluated
by funnel plot, Begg’s test and Egger’s test. Subsequently,
there was no obvious evidence of asymmetry from the shapes
of the funnel plots (Fig. 4), and all P values of Begg’s test and
Egger’s test were > 0.05, which showed no evidences of pub-
lication biases.

Sensitivity analysis

The leave-one-out method was used in the sensitivity analysis
to explore the effect of individual data on the pooled ORs. The
significance of ORs was not altered through omitting any
single study in the dominant model for FokI, TaqI, BsmI and
ApaI SNPs, indicating that our results were statistically robust
(Fig. 5).

Meta-regression analyses

We applied meta-regression analyses to find potential sources
of heterogeneity among eligible publications according to
years of population, ethnicity, and genotyping method
(Table 4). The findings revealed that none of the expected
heterogeneity parameters were the source of heterogeneity
(Fig. 6).

Discussion

Here in this systematic review and meta-analysis study, we
intended to attain with a clear and valid estimation of the
associations between the VDR gene polymorphisms of FokI
(rs2228570), TaqI (rs731236), BsmI (rs1544410), and
ApaI(rs7975232) and T2D. The findings of meta-analysis on
47 case–control studies in the overall population indicated a
significant association between FokI, and BsmI (only hetero-
zygote model) polymorphisms and T2D, but not TaqI and

ApaI polymorphisms. Moreover, the pooled results of sub-
group analysis by ethnicity revealed significant associations
between FokI, TaqI, and BsmI (heterozygote model in Asians)
and ApaI (recessivemodel inmixed ethnicity) polymorphisms
and T2D.

VDR has been established to be critically involved in the
regulation of the endocrine system. As a consequence, it is a
potential candidate gene for genetic evaluations of metabolic
disorders. The function of the VD in the endocrine system is
modulated through both genomic and non-genomic ap-
proaches [72]. In the genomic context, ligation of 1,25-dihy-
droxy vitamin D3 (1,25-(OH)2D3) to the cytosolic/
nuclearVDR , which is a member of the s teroid/
thyroidhormone-receptor superfamily, leads to activation of
other transcription factors that allow transcription of the cor-
responding genes [73]. Several studies have revealed that pan-
creatic β-cells express VDR on themselves [74]. On the other
side, the non-genomic pathway is activated through a putative
membrane VDR, which seems to account for the immediate
effects of VD [75]. VDR gene is found on chromosome
12q13.11 and contains 14 exons. This gene possesses a large
promoter region, enabling it to produce several tissue-specific
transcripts [14, 76]. VDR has been shown to be expressed in
various tissues, such as tissues that participate in the modula-
tion of glucose metabolism like pancreatic cells and muscle
[77, 78]. A number of SNPs, such as rs11574129 and
rs739837, are found at the 3′-untranslated region (UTR) of
VDR gene, a region involved in the controlling of gene ex-
pression, especially by the modification of mRNA stability.
The FokI polymorphism is found within the 5′-end of the VDR
gene and leads to T > C variation at translation start codon in
exon 2 [79]. Moreover, FokI, BsmI, ApaI and TaqI, have been
reported to influence on the insulin secretion [80] and sensi-
tivity [81]. Therefore, VDR gene polymorphisms might be
involved in the pathogenesis of T2D through modulating the
secretory capacity of β-cells in the pancreas [70].

A vast majority of investigations has attempted to disclose
the association between VDR gene polymorphisms and sus-
ceptibility to T2D in different ethnicities and populations.
Nonetheless, the findings were in discrepancy with each other.
Such conflicting results might be due to differences in exper-
imental approaches, variations in diagnostic criterions of the
patients, clinical heterogeneity, little statistical power, small
sample sizes, and interactions between genetic background
and environmental stimuli based on geographic differences.
The previous meta-analysis published by Yu et al. in 2016 (in
Chinese language) included 30 case-control studies and dem-
onstrated that the BsmI polymorphism was associated with
T2D weakly in two genetic models of Bb vs. bb and BB +
Bb vs. bb. The subgroup analysis also resulted in finding
associations. However, a strong association between FokI
polymorphism and T2D was recognized, especially in
Chinese population [82]. That notwithstanding, the necessity
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was felt to perform a meta-analysis by including further orig-
inal works to reach more valid and comprehensive approxi-
mation of VDR genetic polymorphisms and T2D risk. Our
meta-analysis, however, included 47 publications in the final
meta-analysis, involving 29 studies containing 7260 patients
and 7771 controls for FokI polymorphism, 23 studies contain-
ing 4579 patients and 4815 controls for TaqI polymorphism,

25 studies containing 5334 patients and 6015 controls for
BsmI polymorphism, and 14 studies containing 3328 patients
and 3710 controls for ApaI polymorphism. It was found that
FokI polymorphism in the overall analysis increased the sus-
ceptibility of T2D according to the dominant model (OR =
1.37), recessive model (OR = 1.10), allelic model (OR =
1.24), ff vs. FF model (OR = 1.36), and Ff vs. FF model

Fig. 2 Pooled OR and 95% CI of
individual studies and pooled data
for the association between FokI
gene polymorphism and T2D in:
A; dominant model and, B; allelic
Model

856 J Diabetes Metab Disord (2021) 20:845–867



(OR = 1.34). In addition, the heterozygote genotype of BsmI
polymorphism increased the susceptibility of T2D.
However, the overall analysis indicated that TaqI and

ApaI were no t gene t i c r i sk fac to r s fo r T2D.
Interestingly, a meta-analysis in 2016 indicated that
ApaI (in the heterozygote model) was associated with

Fig. 3 Pooled odds ratio (OR)
and 95% confidence interval of
individual studies and pooled data
for the association between FokI,
TaqI genes polymorphisms and
T2D in different ethnicity sub-
groups for A; dominant model
(FokI), B; recessive model (TaqI)
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decreased risk of T2D in coronary artery disease pa-
tients [83].

We performed the subgroup analysis based on ethnicity of
the patients in each study. FokI polymorphism was associated
with increased T2D susceptibility only in Asians, but not
Europeans and Africans. Even though TaqI polymorphism
was not associated with T2D susceptibility in the overall anal-
ysis, but the subgroup analysis revealed that this polymor-
phism of VDR gene in some genetic models decrease and in
some increase the susceptibility of T2D. The Bb vs. BB ge-
notype of BsmI was only associated with T2D in Asian pop-
ulation. Meta-regression analyses indicated that ethnicity (as
well as the publication year and genotyping method) was not
the source of heterogenicity in all four polymorphisms.

This meta-analysis may subject to a number of limitations.
First, we included English-written studies, hence it might sub-
ject to language bias. Second, little sample size did not allow a
powerful conclusion of the results. Third, we did not evaluate
a number of VDR gene SNPs that might act in interaction with
environmental factors to determine the final outcome of T2D
pathogenicity. Fourth, a degree of heterogenicity was

observed among the studies that might stem largely from,
ethnicity of participants, year of publication, genotyping
methods which used for assessment of gene polymorphism,
age, clinical heterogeneity (selection of patients, staging), un-
reported and unknown study characteristics and many other
factors which we are not able to attenuate their impact on final
analysis. Therefore, for finding any sources of heterogeneity
and attenuating their effects, we conducted subgroup analysis
and weighted meta-regression. Collectively, the results of
meta-regression showed that none of the parameters, includ-
ing publication year, ethnicity, and genotyping methods were
the expected source of heterogeneity. However, subgroup
analysis reduced heterogeneity and explained part of the ob-
served heterogeneity in some subgroups. Furthermore, the
other way of dealing with statistical heterogeneity, which we
used in our analysis, was to incorporate “Random” term to
account for it in a random-effects. Random effect model typ-
ically produces more conservative estimates of the signifi-
cance of a result (a wider confidence interval). As it gives
proportionately higher weights to smaller studies and lower
weights to larger studies than fixed effect analysis.

Fig. 4 Begg’s funnel plot for publication bias test. A; Dominant Model FokI, B; Dominant Model TaqI, C; Dominant Model BsmI,D; Dominant Model
ApaI. Each point represents a separate study for the indicated association
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Conclusion

In consideration of all, this was a systematic review and meta-
analysis of 47 case–control association studies to test for the
exact estimation of the associations between the VDR gene
SNPs and susceptibility of T2D. The results of the meta-
analysis demonstrated that FokI polymorphism in the overall
analysis increased the susceptibility of T2D according to the
dominant model, recessive model, allelic model, homozygote
model, and heterozygote model. In addition, the heterozygote
genotype of BsmI polymorphism increased the susceptibility
of T2D. However, the overall analysis indicated that TaqI and
ApaI were not genetic risk factors for susceptibility of T2D.
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Table 4 Meta-regression analyses of potential source of heterogeneity

Heterogeneity Factor Coefficient SE T P value 95% CI

UL LL

FokI (rs2228570)
Publication Year Dominant model 0.017 0.028 0.61 0.54 - 0.041 0.076

Recessive model 0.014 0.022 0.65 0.52 −0.031 0.060
Allelic model 0.018 0.020 0.93 0.35 −0.022 0.60
ff vs. FF 0.022 0.034 0.64 64 0.52 −0.048 0.093
Ff vs. FF 0.030 0.028 1.07 0.295 −0.027 0.088

Ethnicity Dominant model 0.041 0.098 0.42 0.68 −0.161 0.244
Recessive model −0.038 0.080 −0.48 0.63 −0.204 0.127
Allelic model −0.004 0.070 −0.06 0.95 −0.148 0.139
ff vs. FF −0.011 0.122 −0.09 0.92 −0.262 0.239
Ff vs. FF −0.004 0.101 −0.05 0.96 −0.213 0.203

Genotyping Methods Dominant model −0.230 0.171 −1.34 0.19 −0.583 0.122
Recessive model −0.052 0.127 −0.42 0.68 −0.314 0.208
Allelic model −0.136 0.120 −1.13 0.26 −0.384 0.111
ff vs. FF −0.260 0.198 −1.31 0.20 −0.666 0.146
Ff vs. FF −0.299 0.171 −1.74 0.094 −0.652 0.054

TaqI (rs731236)
Publication Year Dominant model 0.007 0.018 0.41 0.68 −0.030 0.045

Recessive model 0.005 0.0122 0.48 0.63 −0.019 0.031
Allelic model 0.005 0.12 0.41 0.68 −0.020 0.030
tt vs. TT 0.006 0.019 0.31 0.76 −0.035 0.047
Tt vs.TT 0.008 0.018 0.47 0.64 −0.029 0.046

Ethnicity Dominant model −0.015 0.133 −0.12 0.90 −0.294 0.263
Recessive model −0.017 0.102 −0.17 0.866 −0.230 0.195
Allelic model −0.005 0.091 −0.05 0.95 −0.195 0.185
tt vs. TT −0.031 0.154 −0.20 0.84 −0.353 0.291
Tt vs.TT −0.009 0.134 −0.07 0.94 −0.288 0.270

Genotyping Methods Dominant model −0.141 0.225 −0.63 0.535 −0.609 0.326
Recessive model −0.148 0.212 −0.70 0.49 −0.591 0.293
Allelic model −0.159 0.156 −1.02 0.32 −0.484 0.165
tt vs. TT −0.331 0.295 −1.12 0.27 −0.947 0.284
Tt vs.TT −0.078 0.227 −0.35 0.73 −0.552 0.394

BsmI (rs1544410)
Publication Year Dominant model −0.010 0.018 −0.55 0.58 −0.048 0.028

Recessive model −0.006 0.019 −0.35 0.72 −0.047 0.033
Allelic model −0.009 0.017 −0.56 0.58 −0.045 0.026
bb vs. BB −0.005 0.018 −0.31 0.75 −0.043 0.032
Bb vs. BB −0.003 0.014 −0.21 0.83 −0.034 0.027

Ethnicity Dominant model 0.008 0.105 0.08 0.93 −0.210 0.226
Recessive model 0.037 0.122 0.30 0.76 −0.217 0.291
Allelic model 0.053 0.098 0.55 0.58 −0.149 0.256
bb vs. BB −0.083 0.105 −0.80 0.43 −0.302 0.134
Bb vs. BB −0.028 0.085 −0.33 0.74 −0.206 0.149

Genotyping Methods Dominant model 0.098 0.134 0.73 0.47 −0.179 0.376
Recessive model −0.033 0.168 −0.20 0.84 −0.383 0.315
Allelic model 0.009 0.129 0.08 0.94 −0.257 0.276
bb vs. BB 0.156 0.161 0.97 0.34 −0.178 0.491
Bb vs. BB 0.094 0.101 0.93 0.36 −0.115 0.304

ApaI (rs7975232)
Publication Year Dominant model −0.009 0.010 −0.96 0.35 −0.031 0.012

Recessive model −0.008 0.015 −0.55 0.59 −0.041 0.024
Allelic model −0.005 0.009 −0.62 0.55 −0.025 0.014
aa vs. AA −0.010 0.018 −0.53 0.60 −0.051 0.031
Aa vs. AA −0.003 0.010 −0.35 0.73 −0.027 0.019

Ethnicity Dominant model 0.061 0.088 0.70 0.49 −0.131 0.254
Recessive model 0.178 0.130 1.37 0.19 −0.106 0.463
Allelic model 0.064 0.080 0.80 0.44 −0.110 0.238
aa vs. AA 0.181 0.156 1.16 0.27 −0.160 0.523
Aa vs. AA −0.025 0.095 −0.27 0.79 −0.233 0.182

Genotyping Methods Dominant model 0.058 0.257 0.23 0.82 −0.502 0.619

863J Diabetes Metab Disord (2021) 20:845–867



Table 4 (continued)

Heterogeneity Factor Coefficient SE T P value 95% CI

UL LL

Recessive model −0.615 0.331 −1.86 0.08 −1.338 0.106
Allelic model −0.175 0.220 −0.80 0.44 −0.656 0.304
aa vs. AA −0.508 0.407 −1.25 0.23 −1.39 0.379
Aa vs. AA 0.240 0.221 1.09 0.29 −0.242 0.723

Fig. 6 Meta-regression plots of the association between VDR gene polymorphism and T2D based on; A: publication year, B: ethnicity, C: genotyping
methods, D: ethnicity
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