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Abstract: Although many epidemiology studies have evaluated the correlation between vitamin D receptor (VDR) Bsml polymorphism and osteoporosis, the
current results remain inconclusive. This meta-analysis updated and reevaluated the possible association between VDR Bsml polymorphism and osteoporosis in
Chinese populations. Studies were identified using PubMed and Chinese databases through December 2016. The associations were assessed with pooled odds
ratios (ORs) and 95% confidence intervals (Cls). A total of nine studies with 688 osteoporosis cases and 730 controls were included in this meta-analysis. Overall,
no significant association was found between VDR Bsml polymorphism and osteoporosis when all studies in Chinese populations were pooled into this meta-
analysis. In subgroup analyses, significantly decreased risk was found in South China (bb vs. BB: OR =0.22, 95% CI = 0.06-0.76; bb+Bb vs.BB: OR = 0.27, 95%
CI =0.09-0.81). This meta-analysis suggests that VDR Bsml polymorphism may have a protective role against the development of osteoporosis in South China.
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Introduction

It is estimated that osteoporosis can affect 30% of
women and 12% of men (1). Clinical manifestations in-
clude increased bone fragility, easy occurrence of bone
fracture, and relatively high lethal and disability rates
caused by hip and vertebral fractures, which results in
heavy financial burden for the families of patients and
society, and has become a serious health problem (1).
The pathogenesis of osteoporosis is associated with en-
vironment and genetics (2-4). Notably, twin and family
studies have shown that approximately 50-85% of heri-
tability for bone mineral density in the general popula-
tion may be attributed to genetic factors (5). These indi-
cated that the genetic variations may play key functions
in the pathogenesis of osteoporosis.

The vitamin D receptor (VDR) gene is polygenetic
gene, and VDR polymorphisms could influence the ex-
pression and function of VDR protein, which are proved
to influence the risk of bone mineral density and osteo-
porosis. Several VDR gene polymorphisms have been
identified; of these the Bsml single nucleotide poly-
morphism has been extensively studied. Morrison et al.
firstly investigated that VDR Bsml polymorphism could
affect osteoporosis in Caucasian women in 1992 (6).
Since then, a number of studies were conducted to in-
vestigate the association between VDR Bsml polymor-
phism and osteoporosis in different ethnic groups. But
these studies reported conflicting results. Differences
in results may be related to the racial and regional dif-
ferences in patients who have been studied, as well as
a limited number of patients in each study. In order to
reduce the influence of the diverse genetic backgrounds,

we performed a meta-analysis based on Chinese popu-
lation to assess the relationship between VDR Bsml
polymorphism and osteoporosis risk.

Materials and Methods

Search strategy and selection criteria

We searched for studies examining the relationship
between VDR Bsml polymorphism and osteoporo-
sis in PubMed and Chinese databases. The keywords
were (VDR or vitamin D receptor) and osteoporosis
and (Chinese or China). The last search was updated on
December, 2016. Additional records were identified by
manual searching.

Inclusion criteria: (1) case—control study, (2) the stu-
dy assessed the association between VDR Bsml poly-
morphism and osteoporosis, (3) sufficient original data
for calculating odds ratios (ORs) with corresponding
95% confidence intervals (95% Cls), (4) all participants
were Chinese people. Exclusion criteria: (1) not case-
control studies that evaluated the association between
VDR Bsml polymorphism and osteoporosis risk, (2)
studies associated with VDR Bsml polymorphism
and bone mineral density, (3) repeated literatures, (4)
incomplete data, (5) case reports, letters, reviews, and
editorial articles.

Data extraction

We conducted this meta-analysis in accordance with
the guidelines provided by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
statement (7). The data was independently extracted by
two investigators from all eligible publications and the
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results were reviewed by a third investigator. Discre-
pancies were resolved by a discussion between these
reviewers. For each study, the following characteristics
were collected: the first author’s name, year of publica-
tion, source of controls, geographic area, sample size,
and available genotype data for VDR Bsml. Hardy-
Weinberg equilibrium (HWE) in controls were calcula-
ted from corresponding genotype distributions. Source
of controls was stratified to population based [PB] and
hospital based [HB]. In this meta-analysis, the quality
of individual studies was assessed according to the nine-
star Newcastle—Ottawa Scale (8).

Statistical analysis

The association betweenVDR Bsml polymorphism
and osteoporosis was evaluated by calculating pooled
ORs based on the individual ORs. Four comparisons
were performed: (1) allelic contrast, (2) contrast of
homozygotes, (3) recessive, and (4) dominant models.
The statistical heterogeneity between studies was tested
using the Chi-squarebased Q-test (9). The fixed-effect
model (Mantel-Haenszel) or random-effect model (Der-
Simonian and Laird) was selected to summarize the
combined ORs and their 95%Cis according to the re-
sults of the heterogeneity test. Subgroup analyses were
performed according to source of controls, geographic
area, and HWE. Sensitivity analysis was performed by
comparing the results of fixed-effects model and ran-
dom-effects model. Publication bias was assessed using
Begg’s funnel plot and Egger’s linear regression test.
All statistical analyses were conducted using the Stata,
version 12 (StataCorp LP, College Station, TX). A P
value less than 0.05 was considered to be statistically
significant.

Results

Description of included studies

Figure 1 illustrates the literature search process in
the form of a flow chart. One hundred and eleven ar-
ticles which examined the association between VDR
polymorphisms and osteoporosis risk were identified.
According to the inclusion and exclusion criteria, nine
studies (10-18) were included and 102 articles were ex-
cluded. The publication year of involved studies ranged
from 1998 to 2005. In total, 688 osteoporosis cases and
730 controls were included in this meta-analysis. The
source of controls in five included studies was popula-
tion-based. The characteristics of the included studies

Table 1. Characteristics of studies included in the meta-analysis.

111 records identified
through database searching

\ 4

101 records after duplicates
removed

86 records excluded:
v

101 records screened 65 obviously irrelevant studies

17 reviews and meta-analyses

v 6 full-text articles excluded:

15 full-text articles assessed
for eligibility

» 1 other genetype

5 reduplicate studies

A 4

9 studies included in meta-
analysis

Figure 1. Flow diagram of the literature search.

are listed in Table 1.

Meta-analysis results

The main results of this meta-analysis and the hete-
rogeneity test were shown in Table 2. In the total ana-
lyses, no significantly elevated osteoporosis risk was
found in all analysis models (Table 2). However, there
was significant heterogeneity between studies. Hence,
we then performed subgroup analyses by source of
controls, geographic area, and HWE. In the stratified
analysis by source of controls and HWE, the results
showed similar result that Bsml polymorphism had no
association with osteoporosis. In the stratified analysis
by geographic area, significantly decreased risk was
found in the population from South China (bb vs. BB:
OR = 0.22, 95% CI = 0.06-0.76; bb+Bb vs.BB: OR =
0.27, 95% CI = 0.09-0.81), was not found in the North.

Sensitivity analysis and publication bias diagnosis
We comparied the pooled results between fixed- and
random-effects models to evaluate the sensitivity of the
meta-analysis. All the corresponding pooled ORs were
not materially altered. Hence, results of the sensitivity
analysis suggest that the data in this meta-analysis are
relatively stable and credible. The Begg’s funnel plot
and Egger’s test were performed to assess the publica-
tion bias of literatures for VDR Bsml polymorphism
and osteoporosis. As showed in Figure 3A, the shape of
the funnel plot revealed some asymmetry. However, the
Egger’s test indicated that there was no evidence of ob-

Source of Geographic Case  Control Cases Controls HWE Quality
References controls area(s) number number BB Bb bb BB Bb bb 1 P score
Wang 2007 (10) HB Heilongjiang 14 48 7 4 3 0 9 39 0.51 0474 8
Xie 2005 (11) PB Beijing 372 45 7 2 363 2 1 42 27.96 0.000 8
Liu 2005 (12) PB Beijing 56 89 0 6 50 2 11 76 3.53 0.060 7
Zhang 1998 (13) HB Beijing 17 162 0 3 14 0 14 148 0.33 0.565 7
Chen 2003 (14) HB Chongqing 78 81 0 13 65 0 12 69 0.52 0472 8
Lin 2003 (15) HB Zhejiang 59 71 0 1 58 0 9 62 0.33 0.569 7
Leng 2002 (16) PB Xinjiang 22 46 0 11 11 7 19 20 0.48 0.488 8
Zhu 2005 (17) PB Guangxi 40 158 6 26 8 7 105 46 27.26 0.000 8
Liang 2002 (18) PB Guangdong 30 30 1 1 28 0 0 30 — — 7
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Table 2. Association of the VDR Bsml polymorphism on osteoporosis susceptibility.

Analysis model n ORr(95%cCI ORf(95%CI) P,
bvs.B Total analysis 9 0.82 (0.38-1.79) 0.81 (0.61-1.07) 0.000
Hospital-based 4 0.57 (0.10-3.28) 0.52 (0.32-0.84) 0.000
Population-based 5 1.23 (0.62-2.43) 1.01 (0.71-1.44) 0.035
North China 5 0.73 (0.19-2.85) 0.79 (0.52-1.20) 0.000
South China 4 0.90 (0.39-2.09) 0.82 (0.55-1.21) 0.084
In HWE 6 0.81 (0.26-2.57) 0.83 (0.57-1.20) 0.000
Not in HWE 2 1.24 (0.32-4.82) 0.83 (0.53-1.30) 0.017
bb vs. BB Total analysis 6 0.56 (0.09-3.50) 0.50 (0.26-0.98) 0.002
Population-based 5 1.14 (0.24-5.38) 0.97 (0.44-2.15) 0.044
North China 4 0.86 (0.05-16.17) 0.70 (0.31-1.55) 0.001
South China 2 0.22 (0.06-0.73) 0.22 (0.06-0.76) 0.809
In HWE 3 0.55(0.01-47.77) 0.50 (0.21-1.20) 0.001
Not in HWE 2 0.68 (0.06-7.85) 0.54 (0.18-1.56) 0.018
bb vs. BB+Bb Total analysis 9 0.83 (0.40-1.71) 0.84 (0.58-1.21) 0.002
Hospital-based 4 0.60 (0.12-2.98) 0.67 (0.39-1.16) 0.001
Population-based 5 1.11 (0.60-2.07) 1.01 (0.62-1.64) 0.237
North China 5 0.72 (0.23-2.30) 0.77 (0.46-1.28) 0.001
South China 4 0.95 (0.36-2.50) 0.93 (0.55-1.56) 0.100
In HWE 6 0.80 (0.30-2.10) 0.87 (0.57-1.35) 0.002
Not in HWE 2 1.21 (0.26-5.59) 0.86 (0.42-1.75) 0.053
bb+Bb vs.BB Total analysis 6 0.64 (0.12-3.37) 0.54 (0.28-1.02) 0.005
Population-based 5 1.18 (0.27-5.16) 0.99 (0.46-2.13) 0.051
North China 4 0.96 (0.06-14.84) 0.74 (0.34-1.64) 0.003
South China 2 0.27 (0.09-0.80) 0.27 (0.09-0.81) 0.906
In HWE 3 0.66 (0.01-41.34) 0.55(0.23-1.31) 0.003
Not in HWE 2 0.74 (0.08-6.52) 0.56 (0.21-1.50) 0.027
A
Study % Funnel plot with pseudo 95% confidence limits
D OR (95% Cl) Weight o
North China ///
Wang 2007 ——— 1 0.01(0.00,0.13) 48.65 N4 // .
Xie 2005 T 2.47 (0.50, 12.28) 5.95 // \
Liu 2005 3.30 (0.16, 70.19) 2.46 e~ / N
Leng 2002 8.41(0.44, 161.15)2.15 §5 /// :\\\
Zhang 1998 i (Excluded) 0.00 s / \°
Subtotal (I-squared = 80.6%, p = 0.001) <;> 0.70 (0.31, 1.55) 59.21 @2 ¥4 . \\\
éouxh China i o // \\\
Zhu 2005 —— 0.20 (0.05,0.76)  34.50 i ya AN
Liang 2002 —_— 0.31(0.01,7.96) 6.28 // \\
Chen 2003 (Excluded) 0.00 =9 // \\ .
Lin 2003 ! (Excluded) 0.00 i .
Subtotal (I-squared = 0.0%, p = 0.809) 0 0.22(0.06,0.76) 40.79 2 1 logor 1 2
;'Jvera\l (I-squared = 73.3%, p = 0.002) ¢ 0.50 (0.26,0.98)  100.00 5
_00:)28 1 36I26 Egger's publication bias plot
10
Figure 2. The forest plot on the association between VDR Bsml
polymorphism on osteoporosis risk under homozygotes model.
B 5
vious publication bias in the reviewed studies (t=0.42, :
p=0.688). Due to the limited studies, we did not perform 2 C
the publication bias assessment for subgroup analyses. 5 o —
Discussion
5

Osteoporosis is a multifactorial disorder with a
strong genetic component, and the VDR gene has been
suggested as a candidate gene for osteoporosis. VDR
Bsml gene polymorphism is one of the most important
subtypes of VDR gene polymorphisms. To date, a va-
riety of studies has been conducted to identify whether
the VDR Bsml polymorphism was the genetic determi-
ner of osteoporosis. However, conflicting results have
been obtained. Therefore, we did this updated meta-ana-
lysis to estimate the relationship between VDR Bsml
polymorphism and susceptibility to osteoporosis among
Chinese populations only, in order to lessen the impact

T
0

T T
1

T
3

T
4

2
precision

Figure 3. Publication bias assessment under allele model (A:

Begg’s funnel plot; B: Egger’s linear regression).

of different genetic background. A total of 9 studies with
688 osteoporosis cases and 730 controls were included
in this meta-analysis. The results of this meta-analysis
show that VDR Bsml gene polymorphism was signifi-
cantly associated with osteoporosis risk in South China

Till now, there are several published meta-analyses
regarding VDR polymorphisms and osteoporosis risk
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(19-22). In 2006, Zintzaras et al. (19) conducted a me-
ta-analysis which involved 14 studies for Bsml poly-
morphism. Their results indicated that the relationship
between the VDR polymorphisms and osteoporosis
remains an unresolved issue and other probable gene-
tic-environmental risk factors interacting with the above
polymorphisms should be investigated (19). In 2013,
two meta-analyses (20-21) were performed for the asso-
ciation between VDR Bsml polymorphism and osteo-
porosis; one suggested that VDR Bsml polymorphism
may have a protective role against the development of
osteoporosis (20), while another found no association
of VDR Bsml B/b gene polymorphism and osteoporosis
in overall populations, Caucasians, and Asians (21). In
2016, a meta-analysis (22) was performed among the
Han Chinese population, and revealed no association
between polymorphisms of vitamin D receptor genes
and osteoporosis risk in the Han Chinese population.
This current meta-analysis is strengthened by inclu-
ding all studies conducted in Chinese participants and
subgroup analyses. Sensitivity analyses and publica-
tion bias test confirmed the reliability and stability of
the meta-analysis. Therefore, our results indicated that
VDR Bsml polymorphism may be associated with an
decreased osteoporosis risk in South China.

Our meta-analysis has several strengths. First, we
have followed the inclusion and exclusion criteria strict-
ly to reduce possible selection bias. Second, our inclu-
sion of non-English language reports, were important
in minimizing a major potential threat to the validity of
any meta-analysis-publication bias and the related threat
of a language bias. Third, we investigated the influence
of geographic area on the risk of periodontitis and VDR
Bsml polymorphism. Fourth, the sensitivity analysis
had been performed to confirm the reliability and sta-
bility of this meta-analysis. Several limitations should
be also considered. First, this ethnic-specific meta-ana-
lysis only included data from a single ethnic group, and
thus, our results are only applicable to this ethnic group.
Second, since this meta-analysis was based primarily
on unadjusted effect estimates and Cls, confounding
factors were not controlled. Third, the etiology of os-
teoporosis is complex and is mediated by the activities
of multiple genes. The effect of any single gene or one
single nucleotide polymorphism might have a limited
impact on osteoporosis risk than have been anticipated
so far. Finally, the small sample size in subgroup ana-
lyses was relatively small, and that may influence our
conclusion.

In conclusion, this meta-analysis indicates a signifi-
cant risk between VDR Bsml polymorphism and osteo-
porosis risk in South China. Ethnicity and geographic
area seem to have a confounding effect on these studies.
Due to the limited number of available studies, further
study conducted in larger populations with multiple ad-
justed variables are required to obtain robust findings.
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