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Background: Obesity has become a global public health problem. Obesity increases the risk of several lethal diseases. This
study aimed to assess whether the obesity susceptibility was associated with genetic variation in vitamin D
receptor (VDR) gene by conducting a meta-analysis.

Material/Methods: PubMed, EMBASE and Cochrane Library databases were screened for all relevant articles published up to October
2018. The pooled odds ratios (OR) were calculated using STATA 13.0 software for 4 polymorphisms in the VDR
gene (Apal, Bsml, Fokl and Taq]l).

Results: Seven case-control studies, including 1188 obese patients and 1657 healthy controls, were recruited. The pooled
findings showed that there were no associations between obesity risk and the VDR polymorphisms in Apal,
Bsml and Taql loci overall. However, VDR Tagl polymorphism was associated with the risk of obesity in Asian
under homozygous [TT versus tt: odds ratio (OR)=0.26, 95% confidence interval (Cl)=0.14-0.49; P<0.001],
heterozygous (Tt versus tt: OR=0.34, 95% Cl=0.18-0.64; P=0.001), and dominant (TT+Tt versus tt: OR=0.30,
95% Cl=0.17-0.52; P<0.001) models; Fokl variant was related with increased risk of obesity only under domi-
nant model (FF+Ff versus ff: OR=1.54, 95% Cl=1.15-2.06; P=0.004).

Conclusions: Our meta-analysis results suggest that the T allele of Tagl may have a protective effect, while the F allele of
Fokl is proposed as a risk factor related to obesity.
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Material and Methods

Obesity, defined by some experts as a body mass index (BMI)
of >30 kg/m? and by other experts as >28 kg/m?, is currently a
very common health problem globally, with an estimated age-
standardized prevalence of approximately 35% [1-3]. Obesity is
associated with an increased risk for the development of sev-
eral disorders, such as diabetes, hypertension, hyperlipidemia,
cardiovascular, cerebrovascular diseases and cancer, which may
seriously influence the quality of life of patients [4], impose
a significant economic burden on family and society [5], and
even result in sudden death [6]. Therefore, it is of importance
to investigate the risk factors of obesity for identifying high-
risk obese individuals timely.

Although the pathogenesis of obesity is complex, recent ev-
idence suggests that genetic variants, especially functional
single nucleotide polymorphisms (SNPs) in genes contribute
to interindividual variability in susceptibility to obesity [7-9].
Vitamin D receptor (VDR) is a gene that encodes a nuclear re-
ceptor to mediate the inhibitory effects of vitamin D3 on adi-
pogenesis [10,11]. Thus, SNPs that could cause the lower ex-
pression of VDR mRNA and protein (such as Bsml bb [12] and
Tagl tt [13]) may be correlated with an increased susceptibility
to obesity. This hypothesis has been proven in some studies. For
example, the study of Al-Hazmi et al. demonstrated that poly-
morphisms in Bsml and Taql loci of the VDR gene, were closely
associated with the susceptibility of obesity, with significant-
ly higher frequency in allele b (P=0.044)/t (P=0.041) or geno-
type bb (P=0.042)/tt (P=0.021) of the obese group than those
in the control group [9]. These conclusions for Bsml and Taq|
polymorphisms in VDR were also confirmed in the studies of
Speer et al. [14] and Bienertova-Vasku et al. [15], respectively.
However, Morteza et al. [16] and Bienertova-Vasku et al. [15]
observed that no significant differences in allele and geno-
type frequencies of Bsml polymorphism between obesity and
control groups. Fan et al. oppositely detected the higher fre-
quency in allele T (P=0.041) or genotype TT (P=0.021) of Tag|l
polymorphism in the obese group compared with the control
group [17]. Thus, the possible role of the VDR polymorphisms
in obesity still remains inconclusive. These controversial con-
clusions might be partially a result of the small sample size of
the individual studies. Therefore, there is an essential need to
reevaluate the true association between the polymorphisms
of VDR gene and the risk of obesity.

The goal of this study was to investigate the relation of obe-
sity with all included VDR gene polymorphisms (Bsml, Taq|,
Fokl, and Apal) in the accumulated evidence by performing
a meta-analysis, which, to our knowledge, has not been re-
ported previously.

Search strategy

All related literatures were identified by an electronic search
from online PubMed, EMBASE, and the Cochrane Library da-
tabases with the keywords as follows: vitamin D receptor (OR
VDR) AND obesity (OR obese OR overweight OR body mass in-
dex OR adiposity) AND polymorphism (OR polymorphisms OR
SNP OR variant OR mutation) up to October, 2018. Furthermore,
the references of retrieved articles were also manually searched
for identifying additional relevant studies.

This search followed the Guidelines of the Preferred Reporting
Items for Systematic Review and Meta-analysis (PRISMA)
statement. All results and analyses were from previous pub-
lished studies; thus, no ethical approval and patient consent
are required.

Selection criteria

All the articles were selected based on the inclusion criteria:
1) human case-control studies; 2) investigation of the associa-
tion between VDR polymorphisms and obesity; 3) obesity in a
study was defined according to BMI 528 or 30 kg/m? 4) study
provided available genotype frequencies for calculating the
odds ratio (OR) with 95% confidence interval (Cl); 5) genotype
distribution of control groups conformed to the assumptions
of the Hardy-Weinberg equilibrium (HWE); and 6) published in
the English language. Studies were excluded it they met the ex-
clusion criteria as follows: 1) duplicated data; 2) abstracts, case
reports/series, reviews, comments or editorial articles that did
not have related raw data; and 3) without genotype frequencies.

Data extraction

Two investigators extracted the following data independently:
first author, publication year, country, sample size (cases and
controls), obesity definition, age group of the population, geno-
typing method, the source of controls, HWE test, and polymor-
phism loci. A, B, F and T were respectively designated to define
the genotypes for 4 VDR gene polymorphisms (Apal, Bsml, Fokl,
or Taql) if the restriction sites for corresponding enzymes was
absent; otherwise, a, b, f and t were used. The labels of Apal
(A/C) corresponds to Apal (A/a), Bsml [A (or T)/G (or C)] corre-
sponds to Bsml (B/b), Fokl (C/T) corresponds to Fokl (F/f), and
Tagl (A/G) corresponds to Taql (T/t). Any disagreement was re-
solved by discussion and consultation with the third author.

Quality assessment

The quality of included studies was assessed by 2 indepen-
dent reviewers using the Newcastle-Ottawa Scale (NOS) [18]
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according to indicators of 3 aspects: selection, comparability
and exposure/outcome. A study that scored >6 stars (total is
9 stars) was considered to have high quality.

| Records identified through database searching (n=1662) |
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Statistical analysis
| Records after duplicates removed (n=242) |

The statistical analyses were conducted via the STATA software
(version 13.0; STATA Corporation, College Station, TX, USA).
The associations between VDR polymorphisms and obesity
risk were determined by computing the crude OR and 95% Cl
under allelic model (e.g., B versus b), homozygous model (e.g.,
BB versus bb), heterozygous model (e.g., Bb versus bb), reces-
sive model (e.g., BB versus Bb+bb), and dominant model (e.g.,
BB+Bb versus bb), respectively. The statistical significance of
the pooled OR was tested by the Z test, with P<0.05 defined
as the threshold value. Furthermore, the subgroup meta-anal-
yses were also done with stratifications by ethnicity (Asian or
European), sample size (<100 or »>100), genotyping method
(PCR-RFLP or others) and control source (hospital-based or pop-
ulation-based). Heterogeneity among studies was quantified
using Cochran’s Q (chi-squared) statistic and the /? statis-
tic. A random-effects (heterogeneous, P<0.10 and />>50%) or Figure 1. Flow diagram of study identification.
fixed-effects (homogeneous, P>0.10 and /*<50%) model was

used to estimate the pooled effects. Egger’s or Begger’s test Results

linear regression test was applied to diagnose potential pub-

Records excluded by titles and abstracts (n=211):
« Unrelated topic (n=198)

« Review and meta (n=5)

« Comments (n=6)

« Animal study (n=1)

- No detailed data (n=1)

NaEI

Full-text articles assessed for eligibility (n=31)

Full-text articles excluded (n=24):

« Not case-control (n=19)

|| « SNP association with other diseases (n=3)
« Review (n=1)

« No genotype data (n=1)

Eligibility

Included

Studies included in meta-analysis (n=7)

lication bias (P<0.05). Sensitivity analysis was utilized to eval- ~ Characteristics of eligible studies
uate whether the results were substantially influenced by any
individual study via removing each study at a time. The detailed flow chart for the study selection is displayed

in Figure 1. Seven case-control studies, including 1188 obese
patients and 1657 healthy controls, were recruited for this
meta-analysis according to the inclusion and exclusion

Table 1. Study characteristics of each article included in the meta-analysis.

. Sample size " Genotype Control Gene
First author County) (case/control) Population method source polymorphism

AlHazmietal ., Saudi 100/200 Adult PCRRFLP  Unclear ~ AP3WTAAL o0
[9] Arabia Bsml
Bagheri et al. 2017 Iran 38/27 Adult irect PB Bsm| Yes 7
[16] sequencing
Bienertova- Bsml, Apal,
Vagki et al. [15] 2017 Czech 511/371 Adult PCR-RFLP PB Tag], Foki Yes 6
GEUMLEELE] 2017 Malaysia 183/535 Juveniles Massarray PB Bsml Yes 6
et al. [19]
Fz'g']‘”'s etal. 2016 Greece 82/102 Adult PCR-RFLP PB Taq| Yes 6
Fan et al. 2015 China 245/284 Adult  PCR-RFLP PB ApalTadh  partial 6
[17] Fokl
[Slp:]e' L3615 2001 Hungary 29/138 Adult PCR-RFLP HB Bsml Yes 7

HB — hospital-based; PB — population-based; HWE — Hardy-Weinberg equilibrium; PCR-RFLP — polymerase chain reaction-restriction
fragment length polymorphism; NOS — Newcastle-Ottawa Scale.
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Table 2. Overall meta-analysis of polymorphisms in vitamin D receptor gene.

Egger’s or

Qualified Test of association Test of heterogeneity Begger’s test

Comparison

TT vs. Tt+tt 1.21 (0.53-2.72) 0.654 R 0.000 92.0 0.751

OR - odds ratio; Cl — confidence interval; R — random-effects; F — fixed-effects. Begger’s test was performed only for Fokl.

Table 3. Subgroup analysis for Apal polymorphism in vitamin D receptor gene.

Aa vs. aa AA+Aa vs. aa AA vs. Aa+aa

0.92 091 0.82 0.84 0.90
Asian 2 075-113) %% (061-137) %% (0s9-113) %?%° (062-113) %% (063-127) 7P
1.15 133 1.17 1.22 231
E 1 1 194 42 2
uropean ©093-1.43) %17 (0862060 % (080-1.70) %48 (085-174) 270 (165-323 000
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Table 3 continued. Subgroup analysis for Apal polymorphism in vitamin D receptor gene.

Aa vs. aa

(95% CI) (95% CI)

1.02 1.09 0.95 0.98 1.25
(0.88-1.19) ’ (0.81-1.47) ’ (0.74-1.21) ’ (0.78-1.23) ’ (0.63-2.48)

1.06 1.12 1.08 1.10 0.85

<1 1 2 21 2
00 (0.75-1.50) 0.725 (0.58-2.19) 0.735 (0.56-2.08) 08 (0.60-2.02) 0.760 (0.52-1.41) 0.53
1.01 1.08 0.93 0.96 1.50
>100 2 (0.86-1.19) 0875 (0.78-1.51) 0.639 (0.71-1.21) 0.593 (0.75-1.23) 0.730 (0.62-3.61) 0.367
Genotyping
1.02 1.09 0.95 0.98 1.25
PCRRFLP 3 (0.88-1.19) 0.770 (0.81-1.47) 0.568 (0.74-1.21) 0.681 (0.78-1.23) 0.840 (0.63-2.48) 0-519
Other 0
Control
1.01 1.08 0.93 0.96 1.50
P8 2 (0.86-1.19) 0875 (0.78-1.51) 0.639 (0.71-1.21) 0.593 (0.75-1.23) 0.730 (0.62-3.61) 0.367
1.06 1.12 1.08 1.10 0.85
Other ! (0.75-1.50) 0.725 (0.58-2.19) 0.735 (0.56-2.08) 0.821 (0.60-2.02) 0.760 (0.52-1.41) 0.532

PB — population-based; OR — odds ratio; Cl — confidence interval; PCR-RFLP — polymerase chain reaction-restriction fragment length
polymorphism.

Table 4. Subgroup analysis for Bsml polymorphism in vitamin D receptor gene.

BB vs. bb BB vs. Bb+bb

os%a)y T @s%a) P @sway P @swa) P (es%a)

Ethnicity
0.78 0.63 0.89 0.56 0.90
Asian 3 043-142) %*? (01722270 %% (064123 %7 (020-155) %% (0.40-202) O7%7
1.08 0.98 1.26
E 2 442 242
uropean (0.89-1.31) ° (0.73-1.32) 0

0.86 0.78 0.85 0.68 0.99

el 0561320 Ol 031-103) 98 (0es-1.11) %20 (035132 %%°° (054-181) ©99°
. 1.19 143 1.14 1.19 137

Juveniles 1 g0 159) %%*7  (070-293) 3% (079-166) Y7 (084-168 °>3° (068-278) 0378

0.79 0.65 0.56 0.54 0.95

<

=100 3 (043-144) O (017-252) %31 (032-007) %97 (021-141) 9?9 (038-235 0%
1.09 1.24 1.04 1.08 1.23

>100 2 092-130) 939 (0sa181) %6 (0sa-131) %% (0se-135 %10 (0se-177) O2°*

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




Chen X. et al.:
VDR polymorphisms with obesity
© Med Sci Monit, 2019; 25: 8297-8305

META-ANALYSIS

Table 4 continued. Subgroup analysis for Bsml polymorphism in vitamin D receptor gene.

BB vs. bb Bb vs. bb BB+Bb vs.
(95% Cl) (95% Cl) (95% Cl)
Genotyping
0.75 0.56 0.88 0.59 0.78
PCR-RFLP 2 (0.38-1.49) 0.414 (0.12-2.58) 0.453 (0.66-1.17) 0.364 (0.18-1.89) 0.376 (0.34-1.81) 0.563
1.15 1.41 1.03 1.01 1.47
Ches 3 (0.90-1.47) 0.258 (0.80-2.48) 0.237 (0.74-1.44) 0.855 (0.58-1.74) 0.976 (0.87-2.48) 0.148
Control
0.81 1.21 0.99 1.01 1.25
PB 4 .32 2 b 21
> 0322209 %% (083175 %30 (078125 %Y (074140 ©P° (0ss-177) OV
1.07 0.64 0.64 0.63 0.85
Other 2 91-120) %% (009-445 %% (035-1200 %1% (015261 2 (027-269) O7B2

PB — population-based; OR — odds ratio; Cl — confidence interval; PCR-RFLP — polymerase chain reaction-restriction fragment length
polymorphism.polymorphism.

A B
Study ID OR(95%Cl) % weight Study ID OR(95%Cl) % weight
1 ! 5
Al-Hazmi AS (2017) ! 0.26(0.14,0.49) 3436 Al-Hazmi AS (2017) — 0.34(0.18,0.64)  34.79
Fan HR (2015) (Excluded)  0.00 Fan HR (2015) (Excluded) 0.0
Subtotal (I-squared =%, p=0) === ! 0.26(0.14,0.49) 3436 Subtotal (I-squared =.%, p=0.) .::ﬁ.—., 034(0.18,0.64)  34.79
2 2 :
Vasilopolus Y (2016) e 179(0.69,460) 2876 Vasilopolus Y (2016) — 0.83(0.33,207)  25.04
Bienertova-Vaskii J (2017) —_— 0.64(0.39,1.04)  36.87 Bienertova-Vaski J (2017) —_— 0.86(0.53,1.39)  40.18
Subtotal (I-squared =72.1%, p=0.058) .{} 0.98(0.36,2.65)  65.64 Subtotal (I-squared =0.0%, p=0.944) .{:;_ 0.85(0.56,1.31)  65.21
Overall (I-squared =82.9%, p=0.003) {:_:} 0.63(0.25,1.60) 100.00 Overall (I-squared =64.8%, p=0.058) {5—-“—:::' 0.62(0.33,1.17)  100.00
Weights are from random effects analysis Weights are from random effects analysis !
T T T T
REY 1 7.28 184 1 5.43
Study ID OR(95%Cl) % weight
1
Al-Hazmi AS (2017) —_— 0.30(0.17,0.52)  35.10
Fan HR (2015) : (Excluded)  0.00
Subtotal (I-squared =%, p=0.) ﬁf‘_‘_‘:} i 0.30(0.17,0.52)  35.10
2
Vasilopolus Y (2016) _ 1.15(0.48,2.73)  27.29
Bienertova-Vaskii J (2017) ——— 0.75(0.48,1.18)  37.62
Subtotal (I-squared =0.0%, p=0.394) = = 0.82(0.55,1.22)  64.90
Overall(-squared =77.8%, p=0.011)  —=——__| = 0.61(0.29,1.28) 100.00
Weights are from random effects analysis 1
T T
72 1 5.83

Figure 2. Forest plots of the association of VDR Tagl polymorphism and obesity risk under allele model overall and in Asian. Squares
indicate odds ratio (OR); horizontal lines indicate 95% confidence intervals (Cl); hollow diamond indicates the pooled OR and
its 95% CI. (A) T versus t; (B) Tt versus tt; (C) TT+Tt versus tt.

criteria (Table 1) [9,14-17,19,20]. Among them, the associa-
tion of the VDR Apal polymorphism with obesity risk was ex-
amined by 3 studies [9,15,17], the VDR Bsml| polymorphism
by 5 [9,14-16,19], Fokl polymorphism by 2 [15,17] and the

Tagl polymorphism by 4 [9,15,17,20]. The related character-
istics of these included articles are summarized in Table 1.
According to the NOS criteria, most of the included studies
had high quality (Table 1).
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Table 5. Subgroup analysis for Tagl polymorphism in vitamin D receptor gene.

(95% CI1)

TT+Tt vs. tt TT vs. Tt+tt

1.10 0.26

0.34 0.30 1.22

Asian 2 019-621) %71 (014-049) %9%° (015064 %% (017-052) %990 (021-7.10) 98%
1.04 0.98 0.86 0.82 1.18
E 2 892 ] 4 331 ]
uropean ©056-1.94) 2892 (036265 %73 (056-131) %*° (0s55-123) 933! (042332 077
Population
1.07 0.63 0.62 0.61 121
et 4 (055208 ¥ 0251600 9330 (033-1.17) O3B (020-128 018 (053272 ©6%4
Juveniles 0
Sample size
0.81 0.66 0.50 0.56 1.00
<
<100 2 026-257) %7%° (010-436) 9% (021-118) %' (015-209) 938 (0.25-407) ©%
142 0.64 0.86 0.75 1.45
>100 2 043-478) %% (039-1.049) %91 (0531390 O (04s-118) %?%° (036-587) ©6%°
Genotyping
1.07 0.63 0.62 0.61 121
PCRRFLP 4 (055208 28 (025-160) %330 (033-1.17) %138 (020-128) %18 (053272 ©6%4
Other 0
Control
143 0.98 0.86 0.82 1.62
PB 3 (0683000 % (036-265 %7 (0s6-131) °%7 (055-123) 9331 (061-429) 033
0.46 0.26 034 0.30 0.50
QLS U 032-064) %90 (014049 %990 (018-064) 9% (017-052) %9 (030083 008

PB — population-based; OR — odds ratio; Cl — confidence interval; PCR-RFLP — polymerase chain reaction-restriction fragment length
polymorphism. Bold indicated the P-values to be significant by meta-analysis of at least 2 studies.

Association between the VDR Apal polymorphism and the
risk of obesity

The results about the associations between VDR Apal polymor-
phism and susceptibility to obesity as well as the heterogeneity
test are listed in Tables 2 and 3. Overall, the pooling results failed
to show the association of Apal polymorphism with the risk of
obesity (Table 2). Subgroup analysis revealed that Apal polymor-
phism was related with obesity risk in European ethnicity under
recessive model (AA versus Aa+aa: OR=2.31, 95% Cl=1.65-3.23;
P<0.001), but this conclusion was obtained only in 1 study (Table 3).

Association between the VDR Bsml polymorphism and the
risk of obesity

The results about the association between VDR Bsml polymor-
phism and susceptibility to obesity as well as the heterogeneity

test are displayed in Tables 2 and 4. Our meta-analysis sug-
gested that VDR Bsml polymorphism was not significantly cor-
related with obesity in all genetic models overall (Table 2) and
in the subgroup analyses (Table 4).

Association between the VDR Taql polymorphism and the
risk of obesity

As shown in Table 2, no obvious association was observed be-
tween obesity risk and the VDR Taq| variant overall. However,
in the subgroup analysis stratified by ethnicity, a positive asso-
ciation between VDR Taql polymorphism and obesity risk was
found in Asian population studies under a homozygous model
(TT versus tt: OR=0.26, 95% Cl=0.14-0.49; P<0.001) (Figure 2A),
heterozygous model (Tt versus tt: OR=0.34, 95% Cl=0.18-0.64;
P=0.001) (Figure 2B), and dominant model (TT+Tt versus tt:
OR=0.30, 95% Cl=0.17-0.52; P<0.001) (Figure 2C, Table 5).
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Study ID OR (95% (1) % weight

e 3164(099,272) 3284

—_— 1.49(1.04,2.13) 67.16

Fan HR (2015)
Bienertova-Vaskii J (2017)

Subtotal (I-squared =0.0%, p=0.750) 1.54(1.15,2.06) 100.00

368 1 272

Figure 3. Forest plots of the association of Fokl polymorphism
and obesity risk in the dominant model (FF+Ff versus
ff). Squares indicate odds ratio (OR); horizontal lines
indicate 95% confidence interval (Cl); hollow diamond
indicates the pooled OR and its 95% Cl.

Meta-analysis estimates, given nambed study is omitted
I'Lower Cllimit O Estimate | Upper Cl limit
Al-Hazmi AS ! © : o : !
Bagheri M
Bienertova-Vaskii J : G . 1
Rahmadhani R
VasilopoulosY |- O e
FanHR |1 O
Speer G
0.42 0.55 1.07 2.08 349

Figure 4. Sensitivity analysis for the assessment of influence
of each study (Tagl polymorphism: T versus t). Every
hollow round indicates the pooled OR. The broken line
is 95% Cl. The horizontal axis was In(OR). OR — odds
ratio; Cl — confidence interval.

Association between the VDR Fokl polymorphism and the
risk of obesity

By pooling the data in 2 studies, a significant association be-
tween Fokl polymorphism and obesity risk was observed in the
dominant model (FF+Ff versus ff: OR=1.54, 95% Cl=1.15-2.06;
P=0.004) (Table 2, Figure 3).

Publication bias
Egger’s or Begger’s test was carried out to analyze the pub-

lication bias. The analysis outcomes showed that there was
no obvious publication bias for all polymorphisms (Table 2).
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Sensitivity analyses
As shown in Figure 4, although each study was successively

removed, the overall results did not alter obviously, indicating
the high stability of the meta-analysis results.

Discussion

This is the first meta-analysis to specially investigate the as-
sociation between VDR polymorphisms and the risk of obesity
based on 7 case control studies. The pooled findings showed
that VDR Taqgl polymorphism was statistically associated with
susceptibility to obesity in an Asian population under homo-
zygous, heterozygous and dominant models; Fokl variant was
related with increased risk of obesity only under a dominant
model. No obesity risk associations were present for the VDR
Apal and Bsml polymorphisms.

Polymorphism Tagl and Fokl are located in the 3’ untranslat-
ed region of the VDR in exon 9 and 5’ promoter region of the
VDR in exon 2, respectively. There has been evidence to dem-
onstrate that the mutation in these 2 loci affects VDR transcrip-
tional activity and mRNA stability, thus altering the abundance
of VDR protein. Low VDR protein levels have been detected
from patients homozygous for the t allele [13] and heterozy-
gous for F allele [21]. Furthermore, it had been reported that
serum 25-hydroxyvitamin D levels were lower in patients with
Fokl FF genotype in comparison with patients carrying geno-
type of ff [22-24]. Also, a significant difference was present
in 25-hydroxy vitamin D levels among different genotypes of
Tagl, with tt genotype having the lowest vitamin D level, fol-
lowed by the heterozygous (Tt) and then homozygous genotype
(TT) [25]. Deficiency in vitamin D and its receptor VDR due to
polymorphisms might contribute to the development of obe-
sity via activating the inflammation in adipocytes through the
NF-xB-IL-1 pathway [10,26], which may increase lipogenesis
and reduce beta-oxidation [11,27,28]. In addition, lack of VDR
was also reported to cause dysbiosis of the intestinal bacterial
community, such as the decrease in the Lactobacillus, but in-
crease in Clostridium and Bacteroides. These gut microbiomes
may influence the glycolipid metabolism and lead to the obe-
sity [29]. Vitamin D and VDR are common mediators for hor-
mone secretion, including parathyroid hormone and insulin re-
sistance, are important for regulating glucose tolerance [30].
In line with these studies, the “F” allele of Fokl was also pro-
posed as a risk factor (FF+Ff versus ff: OR=1.54) for obesity in
our study. There was no significant association between Taql
polymorphism and obesity risk in the overall analysis. But, due
to the presence of obvious heterogeneity as shown in Table 2,
subgroup analyses were conducted. The results showed differ-
ent ethnicities may be the main reason for heterogeneity. By
stratification, we found “T” allele of Tagl may have a protective
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effect (TT versus tt: OR=0.26; Tt versus tt: OR=0.34; TT+Tt ver-

META-ANALYSIS

the associations between VDR gene polymorphisms and the

sus tt: OR=0.30) for the development of obesity in Asian, but risk of obesity.
not European. These suggested Tagl polymorphism might be
only a crucial genetic factor for Asian population.

Conclusions

There are several limitations in this meta-analysis. First,
the number of included studies was relatively small, which
may result in lower statistical power to evaluate the associa-
tions between variants in the VDR gene and susceptibility to
obesity. Second, we did not investigate the interactions be-
tween gene-gene and gene-environment due to missing the
original data in the eligible studies. Thus, more original pa-

This meta-analysis suggests that T allele of Tagl may have a
protective effect, while the F allele of Fokl is proposed as a
risk factor for obesity.
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