
Page 1/16

Title: Vitamin D Receptor Bsm I Polymorphism and
Osteoporosis Risk in postmenopausal women: A Meta-
Analysis from 42 Studies
JunLong Liao 

Sixth A�liated Hospital of Kunming Medical University: Peoples Hospital of Yuxi City
Qiang Qin 

Zhejiang University of Science and Technology
YongSheng Zhou 

Peoples Hospital of Yuxi City
RuPing Ma 

Peoples Hospital of Yuxi City
HeChao Zhou 

Sixth A�liated Hospital of Kunming Medical University: Peoples Hospital of Yuxi City
MaoRong Gu 

Sixth A�liated Hospital of Kunming Medical University: Peoples Hospital of Yuxi City
Yunping Feng 

Sixth A�liated Hospital of Kunming Medical University: Peoples Hospital of Yuxi City
BoYuan Wang 

Yuxi Normal University
Ling Yang  (  yangling6th@163.com )

Sixth A�liated Hospital of Kunming Medical University: Peoples Hospital of Yuxi City https://orcid.org/0000-
0003-3240-9751

Research

Keywords: Vitamin D Receptor, BsmI Polymorphism, Osteoporosis, postmenopausal, Meta-analysis

Posted Date: November 11th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-70193/v2

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full
License

Version of Record: A version of this preprint was published on November 25th, 2020. See the published version at
https://doi.org/10.1186/s12263-020-00679-9.

https://doi.org/10.21203/rs.3.rs-70193/v2
mailto:yangling6th@163.com
https://orcid.org/0000-0003-3240-9751
https://doi.org/10.21203/rs.3.rs-70193/v2
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12263-020-00679-9


Page 2/16

Abstract
Objective: This study aimed to quantitatively summarize the evidence for VDR BsmI gene polymorphism and
osteoporosis risk in postmenopausal women.

Materials and Methods: The PubMed, EMBASE, Weipu, CNKI, and Wanfang database were searched for eligible
studies. Case-control studies containing available genotype frequencies of B/b were chosen, and Odds ratio (OR)
with    95% con�dence interval (CI) was used to assess the strength of this association.

Results: 4485 osteoporosis and 5490 controls were identi�ed in our meta-analysis. In the strati�ed analysis, a
signi�cant association was observed between VDR BsmI gene polymorphism and osteoporosis susceptibility in
Caucasians (additive model: OR=0.809, 95% CI 0.678~0.965, p=0.019, recessive model: OR=0.736, 95% CI
0.568~0.955, p=0.021, and co-dominant model: bb vs. BB OR=0.701, 95% CI 0.511~0.962 p= 0.028), and we failed
to �nd any signi�cant relationship in Asians.

Conclusion: The present meta-analysis suggests that VDR BsmI genotype is associated with increased risk of
postmenopausal osteoporosis in Caucasians but not in Asians. To draw comprehensive and true conclusions,
further prospective studies with larger numbers of participants worldwide are needed to examine associations
between VDR BsmI polymorphism and osteoporosis in postmenopausal women.

Introduction
Osteoporosis, as a systemic bone disease characterized by decreased bone mineral density, micro-structure
deterioration of bone tissue and increased risk of bone fracture1 2, is commonly seen in postmenopausal females
and aged males, about 30% of postmenopausal females suffer from osteoporosis3. Bone fractures caused by
osteoporosis are extremely harmful and are one of the main causes of disability and death in elderly patients.
Research on early identi�cation of high-risk groups has been carried out, which is of substantial clinical
signi�cance. The pathogenesis of osteoporosis is currently unclear. It is widely accredited that osteoporosis is
related to individual genetic differences, estrogen levels, nutritional status and lifestyle. In addition, osteoporosis
can also be induced by bone formation and bone resorption disorder caused by physical injury, diseases affecting
bone metabolism, or long-term use of hormone drugs4.

The interaction between vitamin D and its receptor exerts an important role in calcium homeostasis and bone
metabolism by regulating osteocyte growth and differentiation, intestinal calcium absorption and parathyroid
hormone secretion5. The vitamin D receptor (VDR) gene is located on chromosome 12 (12q13.1), with a length of
more than 100 kb, and more than 100 polymorphic sites are predicted6 7. VDR, therefore, is seen as one of the
signi�cant candidate genes to explore the genetic factors leading to osteoporosis. In 1992, Morrison et al. reported
that bone mineral density and circulating osteocalcin levels may be affected by VDR BsmI
polymorphism(rs1544410) 8 9.

Postmenopausal osteoporosis, resulting from oestrogen de�ciency, is the most common type of osteoporosis, and
Oestrogen de�ciency results in an increase in bone turnover owing to effects on all types of bone cells10. In 1996,
Berg et al. reported for the �rst time that VDR BsmI polymorphism was associated with bone mineral density in
postmenopausal females11. Since then, epidemiological investigations regarding the assessment of BsmI
polymorphism and the susceptibility of postmenopausal osteoporosis have been widely reported. However, the
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relevant research results have been controversial. For example, in a survey of the Thai population, VDR BsmI
polymorphism did not seem to be associated with the risk of postmenopausal osteoporosis12. However, signi�cant
correlation was observed between VDR genotype and BMD in Chinese postmenopausal females, with bb genotype
having the lowest bone density13. In recent years, meta-analysis, as a powerful statistical analysis tool, has been
adopted to integrate and analyze the data of several published articles, a more accurate and objective assessment
is expected to be made on the research results and to explain the heterogeneity between these results14. Therefore,
the meta-analysis was performed on the currently published eligible case-control studies combined with the
previous research results, and the relationship between Bsm I polymorphism and the risk of osteoporosis in
postmenopausal females was also explored.

Methods
Literature search

PubMed(http://www.ncbi.nlm.nih.gov/pubmed),EMBASE(http://www.embase.com),Weipu(http://www.cqvip.com/),
CNKI(http://www.cnki.net/) and Wanfang(http://g.wanfangdata.com.cn/) databases were throughly searched by
the authors (last search update, July 10, 2020 . The key words were ‘vitamin D receptor’ or ‘VDR’ and ‘osteoporosis’
or ‘fracture’ and ‘BsmI’ or ‘rs1544410’ in combination with ‘genetic’ or ‘polymorphism’ or ‘variant’.

Inclusion criteria

Selection criteria of this meta-analysis were listed below: case-control or cohort studies. participants included
postmenopausal women. assessment of the relationship of BsmI and osteoporosis or fracture. containing
available genotype frequencies of BsmI. provided BMD values (mean and standard deviation) of lumbar spine
and femoral neck, osteoporosis was de�ned as BMD ≤ -2.5 SDs (T-score).

Exclusion criteria

Exclusion criteria of this meta-analysis were listed below: reviews, case reports, comments and letters.
incomplete data. without full text. In addition, all relevant references were also reviewed. If there were duplicate

data in papers published by the same author, only the most recent or complete study was included in this analysis.

Data extraction

Two independent investigators extracted data from eligible studies, the characteristics included: the 1st author.
publication year. region. ethnicity. age range. sample size. allele frequency of cases and controls. and
genotyping method. Any different evaluation results needs to be revisited until a consensus is reached.

Quality assessment

The quality of eligible publications was assessed by the Newcastle-Ottawa quality assessment scales (NOS)15 .
The scale contains three parts: the selection of groups (4 questions, 1 score each), the comparability of groups (1
question, 2 scores ), the ascertainment of exposure (3 questions, 1 score each). The scores ≥5 was regarded as a
high quality study.

Statistic analysis

http://www.ncbi.nlm.nih.gov/pubmed
http://www.embase.com/
http://www.cqvip.com/
http://www.cnki.net/
http://g.wanfangdata.com.cn/
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The observed genotype frequencies of the VDR BsmI polymorphism in control groups were assessed for Hardy-
Weinberg equilibrium using the Χ2 test. The gene frequencies of the control group must conform to the Hardy-
Weinberg equilibrium (p>0.05). The relationship between VDR BsmI gene and osteoporosis was accessed by
calculating odds ratios (ORs) and 95% con�dence intervals (CIs). The pooled ORs were performed for additive
genetic model (b vs. B), dominant model (bb + Bb vs. BB), recessive model (bb vs. Bb + BB), and co-dominant
model (Bb vs. BB, bb vs. BB) respectively. The subgroup analyses by ethnic groups also be performed. The
statistically signi�cant p value was set at 0.05. Heterogeneity assumption was evaluated by a chi-square based Q-
test (p<0.05 indicated heterogeneity across studies ).The summary OR estimate of each study was calculated by
the �xed-effects model if there was not signi�cant heterogeneity. Otherwise, the random-effects model was used 16

17. The potential for publication bias was examined by a Begg's test (funnel plot method, p<0.05 considered
representative of statistical signi�cance) 18. All analysis were performed by Stata software (version 11.0).

Results
Eligible studies

Literature screening process is shown in Figure 1.  Based on the pre-established search strategy, 42 studies were
�nally enrolled for integrated analyses, including 4485 osteoporosis and 5490 controls. 23 studies19-46were
performed in Caucasians and 9 studies12 13 47-53 were subsumed into Asians. In addition, 2 interracial studies32 54

were conducted in Mix-race. The main characteristics of the selected studies are listed in Table 1. The NOS for
assessing the quality of case-control studies, all the selected articles meet the requirements (The scores ≥5, Table
2). The observed genotype frequencies of the VDR BsmI polymorphism in each control group were assessed by
Hardy-Weinberg equilibrium (Table 3), and 11 unequal studies were excluded 20 25 27 33 36-39 46 47 53.
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Meta-analysis

Differences in allelic distribution by ethnicity could be partially responsible for the observed differences in the
association between VDR BsmI and osteoporosis. The evaluations of the association between VDR Bsml
polymorphism and osteoporosis risk in postmenopausal women are summarized in Table 4. The overall results
suggested that there was no association between BsmI polymorphism and the risk of osteoporosis in all genetic
models. In the subgroup analysis based on ethnicity, the included studies were divided into Asian, Caucasian and
Mix populations. The results showed that

VDR BsmI polymorphism was signi�cantly associated with the risk of postmenopausal osteoporosis in Caucasian
populations (additive model: OR 0.809, 95% CI 0.678~0.965, p=0.019, recessive model: OR 0.736, 95% CI
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0.568~0.955, p=0.021, and co-dominant model: bb vs. BB OR 0.701, 95% CI 0.511~0.962 p= 0.028, Figure 2).
However, no signi�cant association was found in any genetic models in both Asian and Mix populations.

Publication bias

Begg’s test was performed to quantitatively evaluate the publication bias of literatures on osteoporosis. The results
provided statistical evidence in overall results, suggest the absence of publication bias. All graphical funnel plots
of the included studies appeared to be symmetrical. There was no visual evidence of publication bias visually from
the funnel plot, which implied that the publication bias was low in the present overall meta-analysis  (b vs. BB: p =
0.856, b/b vs. Bb/BB: p = 0.851, Bb/bb vs. BB: p = 0.813, Bb vs. BB: p = 0.510, bb vs. BB p=0.937). 

Discussion
Genetic difference is one important factor affecting the susceptibility to osteoporosis. VDR gene has been widely
studied because of its important role in regulating bone metabolism and bone homeostasis. The VDR Bsml
polymorphism is located in the 3′ untranslated region (UTR). It is involved in regulating the stability of VDR mRNA
and is one of the most important subtypes of VDR gene polymorphism. Studies on VDR Bsml polymorphism and
susceptibility to osteoporosis are various, but the results are not consistent. A recent meta-analysis55 shows that
VDR BsmI is associated with an increased risk of postmenopausal osteoporosis in Asians, while in Caucasians
seem to be unrelated. Which is contrary to the results of tow previously published studies 56 57. Since the previous
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meta-analysis only involved genetic association studies published before 2015, the combination of different
original data in each study might have a great impact on the mixed distribution of genotypes. So introducing new
data to update meta-analysis is necessary. Through our meta-analysis, it has been found that the VDR Bsml gene
polymorphism generally seems not to be a susceptibility gene for postmenopausal osteoporosis. However, in the
subgroup analysis, BsmI polymorphism was found to be associated with the risk of postmenopausal osteoporosis
in Caucasians, which was not found in the previous meta-analysis. In Asian postmenopausal women, there was no
obvious relationship between Bsml polymorphism and osteoporosis susceptibility, which was consistent with the
results of a previous meta-analysis of the Chinese population58. Through sensitivity analysis and publication bias
detection, the results of this meta-analysis were true and credible.The original data of all published eligible studies
were almost covered by this meta-analysis. However, according to a recently published meta-analysis of
Yadav(2020)59, in the absence of a subgroup analysis based on the sex and age of patients or the type of
osteoporosis, BsmI polymorphism seemed not be associated with the pathogenesis of osteoporosis. It indicated
possible the relationship between VDR gene polymorphisms and osteoporosis may be related to gender, race and
age difference of subjects. There may be difference mechanisms of VDR gene polymorphisms on different types
of osteoporosis60. Our research also veri�ed this point, and it should be regarded as a valuable supplement to the
published related studies.  The causes of osteoporosis are complex, in addition to the joint effects of multi-gene
regulation, environmental factors and lifestyles also play an important role61. This meta-analysis only discussed
genetic factors in the original literature, and the interaction of other factors such as dietary calcium and light
exposure and VDR gene polymorphisms on osteoporosis was uninvolved. Therefore, referring to the analysis
methods of other researchers62, we focused on checking the details of the dietary habits of the participants in each
study, and determined that there was no difference in calcium intake between the case-control group. We believe
that for more accurate evaluation of the relationship between vitamin D receptor gene polymorphism and
postmenopausal osteoporosis, researches having large samples are required, and the synergy of other factors such
as diet, environment, exercise, etc. should be considered more comprehensively when cases are included in the
group.

Conclusion
In conclusion, our study believes that VDR BsmI polymorphism and postmenopausal osteoporosis are genetically
linked in Caucasians, but not in Asians. It is necessary to conduct large-scale studies to verify the correlation of
different populations and environmental factors in the susceptibility to osteoporosis.
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Figure 1

Flow chart indicating search results
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Figure 2

Association of VDR BsmI polymorphism under different genetic models with osteoporosis risk in postmenopausal
women.
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