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Abstract

Background: Many studies have reported the association between vitamin D receptor (VDR)
polymorphism and osteoporosis risk. However, their results were conflicting. Six previous
meta-analyses have been published to analyze VDR Bsml, Fokl, and Cdx2 polymorphisms on
osteoporosis risk. However, they did not evaluate the reliability of statistically significant
associations. Furthermore, a lot of new articles have been published on these themes, and
therefore an updated meta-analysis was performed to further explore these issues.

Obijectives: To explore the association between VDR Bsml, Fokl, and Cdx2 polymorphisms
polymorphisms and osteoporosis risk.

Methods: The odds ratios (ORs) and 95% confidence intervals (Cls) were pooled to evaluate the
association between VDR Bsml, Fokl, and Cdx2 polymorphisms and osteoporosis risk. To evaluate
the credibility of statistically significant associations, we applied the false-positive report
probabilities (FPRP) test and the \Venice criteria.

Results: Overall, statistically significantly increased osteoporosis risk was found in Indians and
women for VDR Fokl polymorphism. Statistically significantly decreased osteoporosis risk was
found in West Asians for VDR Bsml polymorphism. However, when we performed an sensitivity
analysis after excluding low quality and HWD studies, significantly decreased osteoporosis risk
was only found in overall population for VDR Bsml polymorphism. Further, less-credible positive
results were identified when we evaluated the credibility of positive results.

Conclusion: These positive findings should be interpreted with caution and indicate that
significant association may most likely result from less-credible, rather than from true associations
or biological factors on the VDR Bsml and Fokl polymorphisms with osteoporosis risk.

Keywords: VDR; polymorphism; osteoporosis; risk; meta-analysis

Introduction

Osteoporosis is a systemic skeletal disease characterised by a systemic impairment of bone
mass and microarchitecture that results in a high risk of ractures [1]. According to WHO,
osteoporosis is the reduction of bone density below 2.5 standard deviation from the average for
healthy and mature adults with similar ethnicity and age. It is one of the most common metabolic
bone diseases in the world, affecting women over the age of 59 and men over the age of 74 [2]. It
was reported that there were about 200 million osteoporosis patients in the world [3]. Therefore, It
will be very important to explore the potential pathogenic factors.

Multiple factors were reported to affect osteoporosis, including environmental factors such as

020z AInr 20 uo 3senb Aq ypd-002Z1-0202-19/599/88/00Z L 0202HSE/Z10L 0 L/10p/3pd-8jonte/deliosolq/wod sseidpuepod)/:sdpy woly pepeojumog


https://crossmark.crossref.org/dialog/?doi=10.1042/BSR20201200&domain=pdf&date_stamp=2020-07-06

002102024S8/2+01°01/610°10p//:SARY Je B|qejieA. S| uoISIaA-2)ep-0}-dn }SOW By "UOISIaA siy} soejdal |im ‘paysiignd uaym ‘Jey p1oday JO UOISIBA 8U} asn 0} pebeinoous aie no -jduosnuepy pajdeooy Ue si siy] “sHoday 8ousiosolg

exercise, smoking, and alcohol consumption, metabolic syndrome, and genetic factors [4-6].
Among them, genes were very important factor. The heritability of osteoporosis-related traits
(such as bone mineral density) was reported up to 60-80% [7]. Up till now, tens of hundreds of
risk genes have been identified for osteoporosis, including collagen type | alpha 1 gene (COL1A1),
calcitonin receptor (CTR), estrogen receptor (ESR), and vitamin D receptor (VDR), and so on
[8-10]. Most of these genes are known to influence the reabsorption of bone by osteoclasts and the
formation of bone by osteoblasts.

Vitamin D receptor (VDR) was the most extensively reported, located on chromosome 12913
[11], through mediating 1,25-dihydroxycholecalciferol (1,25(0H),D3) to play a variety of
biological effects [12]. In human monocytes, 1,25(0OH),D3; modulate chromatin accessibility at
8979 loci [13]. Therefore, VDR polymorphisms were associated with a variety of diseases,
including bone mineral density and osteoporosis [14, 15]. Morrison et al. [16] firstly investigated
that variability in osteocalcin levels reflect allelic variation in the VDR gene. Since then, a large
number of studies have reported that VDR gene mutations (such as Fokl (rs10735810), Bsml
(rs1544410) and Cdx2 (rs11568820) were related to osteoporosis risk. However, These results
were inconsistent or even conflicting. For example, Ling et al. [15] found that VDR Cdx-2 A allele
was associated with decreased BMD risk and increased fracture risk. On the contrary, A allele was
found to have protective effect on osteoporotic fractures in some studies. Similarly, they were also
conflicting in different studies [18-23] on the associations between the VDR Fokl and Bsml
polymorphisms and osteoporosis risk. These different results may be caused by small sample size,
different races, regions and sampling methods. Although several related meta-analyses have
reported the associations between VDR Bsml, Fokl, and Cdx2 polymorphisms and the risk of
osteoporosis [24-29]. However, their studies have some disadvantages. First, the results of these
meta-analyses were inconsistent. For example, Jia et al. [27] found that the VDR Bsml
polymorphism may be a protective effect on the development of osteoporosis. However, Gang et
al. [28] concluded that there was no association between VDR Bsml polymorphism and
osteoporosis risk. Second, literature quality assessments had not been performed in some studies
[24, 25, 27-29]. In addition, they did not evaluate the credibility of statistically significant
associations [24-29]. Furthermore, some new studies have been published on the VDR
polymorphisms and osteoporosis risk. Therefore, we performed an updated meta-analysis to
provide more reliable results on these issues.

Materials and Methods

Search strategy

We performed the meta-analysis according to the guidelines of the PRISMA group [30]. Databases
including PubMed, EMBASE, and Chinese Wanfang Data Knowledge Service Platform were
searched to investigate the association between VDR polymorphisms and osteoporosis risk. The
following search strategy were used: (VDR OR vitamin D receptor OR Bsml OR Fokl OR Cdx2)

AND (polymorphism OR mutaion OR variant ) AND (osteoporosis OR osteoporoses). The search

deadline is November, 2019.

Selection criteria
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The inclusion criteria were as follows: (1) case-control or cohort studies; (2) describe the
association between VDR Bsml, Fokl and Cdx2 polymorphisms and osteoporosis risk; (3) the case
and control groups have sufficient genotype data in the selected literature.

The exclusion criteria were: (1) duplicated studies; (2) studies without available data; (3) case
reports, reviews, letters, and meta-analyses.

Data extraction

The data extraction tables of this study were prepared in advance. According to the established
inclusion and exclusion criteria, the data were independently extracted and cross-checked, If there
was any objection, the consensus can not be reach after discussion and negotiation. The third
author will be invited to extract the data again, and finally check and confirm. If the data is not
detailed or in doubt, try to contact the original author, supplement and confirm the accuracy and
integrity of the data. The extracted information was as follows: first author’s surname, publication
year, country, ethnicity, age of cases and controls, the number of cases and controls, diagnostic
criteria for osteoporosis, menopausal status, matching variables, site of BMD measurement, and
number of genotype distributions in cases and controls.

Quality assessment

The quality of all eligible studies was independently assessed by the two authors. We designed
quality assessment criteria on the basis of two previous meta-analyses [31, 32]. Supplementary
Table 1 lists the scale for quality assessment of molecular association studies of osteoporosis risk.
The total score was 20 points, studies scoring above 12 were excellent, those scoring less than 9
were poor and those scoring between 9 and 12 were moderate.

Statistical analysis

The odds ratios (ORs) and 95% confidence intervals (Cls) were pooled to evaluate the
association strength, P < 0.05 was considered as statistically significant. Five genetic model
comparisons were used: (1) allele model; (2) additive model; (3) dominant model; (4) recessive
model; (5) over-dominant model. Heterogeneity test used Chi-square-based Q-test and I? test.
There was no obvious heterogeneity among studies when P > 0.10 and/or 1? < 50% [33] and the
ORs were pooled to apply a fixed-effects model [34]. Otherwise, a random-effects model was
selected [35]. Furthermore, a meta-regression analysis was applied to explore sources of
heterogeneity. Subgroup analyses were performed according to ethnicity or gender. Sensitivity
analysis was estimated by the following three methods: (1) a single study was removed each time;
(2) exclude low quality and HWD (Hardy Weinberg Disequilibrium) studies; (3) the studies met
the following conditions: high-quality studies, HWE (Hardy Weinberg Equilibrium), and matching
studies. Chi-square goodness-of-fit test was applied to examine HWE, and it was considered as
HWE in control groups if P > 0.05. In addition, the false-positive report probabilities (FPRP) test
[36] and the Venice criteria [37] were applied to assess the credibility of statistically significant
associations. Begg’s funnel plot [38] and Egger’s test were used to evaluate the publication bias
[39]. All statistical analyses were conducted using Stata 12.0 software.

Results
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Description of included studies

We got 506 articles by searching, according to the inclusion and exclusion criteria, 43 studies met
our requirements (involving 4,680 osteoporosis cases and 5,373 controls) [21, 22, 40-80], of
which 34 studies explored the association between VDR Bsml and osteoporosis risk (involving
2,973 osteoporosis cases and 3,724 controls), 19 studies reported VDR Fokl (involving 3,694
osteoporosis cases and 2,943 controls), and four studies explored VDR Cdx2 (involving 378
osteoporosis cases and 743 controls). In addition, 23, 11, four, three, one, and one case—control
studies were conducted to analyze Caucasians, East Asians, West Asians, Indians, Southeast
Asians, and Africans, respectively. Among them, seven studies were performed to examine the
association between men and osteoporosis risk, and 38 studies explored the association between
women and osteoporosis risk. 30 studies on postmenopausal women, two studies on
premenopausal women, and nine studies did not describe menopause status. Finally, there were
nine high-quality studies, 20 medium-quality studies, and five low-quality studies on VDR Bsml,
seven high-quality studies, ten medium-quality studies, and two low-quality studies on VDR Fokl,
and three medium-quality studies and one low-quality study on VDR Cdx2. The detailed
characteristics and scoring of each study are displayed in Table 1. The literature selection and
inclusion processes are shown in Figure 1. The genotype frequencies of VDR Bsml, Fokl, and
Cdx2 polymorphisms with osteoporosis risk and HWE test results were shown in Tables 2—4.

Meta-analysis results

Table 5 summarizes the assessment of the association between VDR Bsml polymorphism and
osteoporosis risk. Overall, significantly increased the risk of osteoporosis was not found for VDR
Bsml polymorphism (P > 0.05 in all genetic models). However, subgroup analysis by ethnicity,
we observed that the VDR b allele genotype increased the osteoporosis risk (OR = 1.36, 95% CI:
1.06-1.74) and bb genotype (additive model: OR = 0.55, 95% CI: 0.33-0.92; recessive model: OR
= 0.65, 95% CI: 0.45-0.96) reduced the risk of osteoporosis in the West Asians, as shown in
Figure 2.

At the overall analysis, significantly increased osteoporosis risk was found in VDR Fokl ff
genotype (additive model: OR = 1.49, 95% CI: 1.07-2.07; recessive model: OR = 1.47, 95% CI:
1.13-1.93). In addition, when stratified by ethnicity, the results showed that f allele and ff
genotypes were significantly associated with risk of osteoporosis in Indians. We further performed
subgroup analysis according to gender, significantly elevated osteoporosis risk was also observed
in ff genotype. All the data are shown in Table 6, and Figures 3-4.

No significant association was observed between VDR Cdx2 polymorphism and osteoporosis
risk, as shown in Table 7.

Heterogeneity and sensitivity analyses

Heterogeneity was observed in overall and several subgroup analyses. Some potential factors
were considered as sources of heterogeneity, such as ethnicity, gender, HWE and menopausal
status. Then, we applied meta-regression analysis to explore sources of heterogeneity. The results
suggested that the studies of HWD were source of heterogeneity in overall population (additive
model: P = 0.024). In addition, the studies of HWD was also the source of heterogeneity on the

association between women and osteoporosis risk (additive model: P = 0.029 and recessive model:

P = 0.025).
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Sensitivity analysis was estimated by applying three methods in this meta-analysis. First, results
did not change when removing a single study each time to appraise the robustness. However,
when we excluded studies of low quality and HWD, significantly decreased osteoporosis risk was
found in overall analysis for VDR Bsml bb genotype (additive model: OR = 0.74, 95% CI: 0.56—
0.99; recessive model: OR = 0.79, 95% CI: 0.63-0.98). Further, when we restrained only
including high-quality, HWE, and matching studies, the corresponding pooled OR does not appear
to be significantly affected. Therefore, the results of the sensitivity analysis are shown in Tables 8
and 9.

Publication bias
Publication bias was assessed in the overall publication by Begg’s funnel plot and Egger’s test, the

shape of the funnel plots revealed no significant funnel asymmetry (Figure 5) in overall population.

The Egger tests also indicated that there was no obvious evidence of publication bias (P > 0.05 in
all genetic models), as shown in Tables 5-7.

Credibility of the identified genetic associations

We classified statistically significant associations that met the following criteria as "positive
results” [81]: (1) The P value of Z-test is less than 0.05 in at least two gene models; (2) At the P
value level of 0.05, the FPRP is less than 0.2; (3) statistical power > 0.8; (4) 1 < 50%. Considered
as "less credible affirmation" with lower threshold when the following conditions were met: (1) P
value < 0.05 in at least one of the genetic models; (2) the statistical power was between 50% and
79% or FPRP > 0.2 or I> > 50%. Otherwise, the association was classified as “null” or “negative”.
After credibility assessment, we identified “less-credible positive results” for the statistically
significant associations in the current meta-analysis. The detailed credibility assessment results
were listed in Table 10.

Discussion

Osteoporosis is a multi-factorial disease and is strongly related to heredity [7]. Genes were very
important factor for the risk of osteoporosis. Osteoporosis is characterized by low bone mineral
density (BMD) and microarchitectural deterioration of bone leading to increased bone fragility
and a high risk of fracture. The VDR gene is considered as a candidate gene and has been widely
studied due to it plays a key role in regulating bone resorption and metabolism [10]. And the VDR
gene has also been implicated as a factor affecting bone mass [84]. Hence, it will be very
important to investigate the association between VDR gene polymorphism and osteoporosis.
Moreover, the VDR polymorphisms play an important role in the pathogenesis, prevention,
diagnosis and treatment of osteoporosis and other disease such as acute ischemic stroke [85]. In
addition, single nucleotide polymorphism may affect the function of VDR and may be related with
osteoporosis risk [82]. Although many studies attempted to explore the association between VDR
polymorphisms and the risk of osteoporosis. However, it is regrettable that no solid evidence has
been obtained, which may be due to different reasons, including small sample size, ethnic, and
regional differences. In order to overcome these shortcomings, meta-analysis is effective

alternative.
A total of six previous meta-analyses explored the association between VDR polymorphisms
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and osteoporosis risk. Wang et al. [24] and Yu et al. [26] explored the association between
osteoporosis risk and VDR Bsml polymorphism in Chinese and Han Chinese population,
respectively. Their results suggested that there was no significant association between VDR Bsml
polymorphism and osteoporosis risk. In 2013, Jia F et al. [27] examined 26 studies including
2,274 cases and 3,150 controls to show that the VDR Bsml polymorphism was associated with an
decreased osteoporosis risk. However, The examination of 41 studies on VDR Bsml
polymorphism (including 3,080 cases and 4,157 controls) by Gang et al. [28] indicated that the
VDR Bsml polymorphism was not significantly associated with osteoporosis risk. In addition, the
examination of 36 studies on VDR Bsml, 15 studies on VDR Fokl, and three studies on VDR Cdx2
by Zhang et al. [25] indicated that the VDR Bsml and VDR Fokl polymorphisms were associated
with an increased the risk of developing osteoporosis in overall and Asians, while the VDR Cdx?2
polymorphism may be not associated with osteoporosis risk. However, VDR Bsml and VDR Fokl
polymorphisms had not been found to increase the risk of osteoporosis by Zintzaras et al. [29].
Further, when we examined these meta-analyses carefully, we found some disadvantages. First,
quality assessments of the eligible studies had not been performed in some studies [24, 25, 27-29],
and low-quality literature may be included in these meta-analyses, resulting in deviation of the
results. Second, HWE is absolutely necessary for a sound genetic association study. There may be
selection bias or genotyping errors if the control group did not meet HWE. It can lead to
misleading results. The distribution of genotypes in the control group was not tested by HWE [24,
25]. Then, the statistical power was not calculated in some previous meta-analyses [24, 26-29].
Finally, the false-positive report probabilities of statistically significant association was not
evaluated in all previous meta-analyses [24—-29]. Therefore, results of their meta-analyses may be
not credible.

A total of 43 studies were included in the current meta-analysis, of which 34 studies explored
the association between VDR Bsml and osteoporosis risk, 19 studies reported VDR Fokl
polymorphism, and four studies related to VDR Cdx2 polymorphism. Furthermore, five genetic
models are compared separately. Overall, compared with the FF and Ff genotype, statistically
significant increased osteoporosis risk was found in the VDR Fokl ff genotype. In the subgroup
analysis, the VDR Fokl ff genotype was significantly associated with increased osteoporosis risk
in Indians and women population. However, significantly decreased the risk of osteoporosis were
observed in the West Asians for VDR Bsml b allele and bb genotype. In addition, when we
excluded studies of low quality and HWD, a significantly decreased the risk of osteoporosis was
found in the overall analysis for the VDR Bsml bb genotype. Further, significant association did
not observed when the pooled analysis was limited only involving high quality, HWE, and
matching studies. Furthermore, the current meta-analysis 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 [83]. The Venice criteria, statistical power, and 1? value were very
important criteria [37]. Hence, the FPRP test and Venice criteria were used to assess positive
results. After credibility assessment, we identified “less-credible positive results” for the
statistically significant associations in the current meta-analysis. Heterogeneity has also been
observed in the current meta-analysis. Results of meta-regression analysis suggested that studies
of HWD were the source of heterogeneity. In addition, no obvious asymmetry was found in the
study of VDR Bsml and Fokl by the Begg’s funnel plots and Egger tests. Due to the limited
number of studies , the Begg’s funnel plot was not performed to explored publication bias in the
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VDR Cdx2 study. Meantime, the Egger tests revealed that there was no clear statistical evidence
of publication bias.

The current meta-analysis has the following advantages: (1) the quality of included studies was
assessed; (2) the HWE test was performed in the control group; (3) we applied FPRP and Venice
criteria to evaluate the significant association in current meta-analysis; (4) the sample size was
much larger than the previous meta-analyses; (5) we explored sources of heterogeneity based on
meta-regression analysis. However, there are still some limitations in this study. First, we did not
control confounding factors such as smoking, drinking, and variable study designs, were closely
related to affect the results. Second, in the subgroup analyses, the number of studies were
relatively small in Indians, and there was not enough statistical power to explore the real
association. Moreover, due to the limited number of studies, we did not perform subgroup
analyses in the pooled analysis of VDR Cdx2 polymorphism and osteoporosis risk. Therefore, the
study with large sample size and large enough subgroup will help to verify our findings.

In conclusion, these positive findings should be interpreted with caution and indicate that
significant association may most likely result from less-credible, rather than from true associations
or biological factors on the VDR Bsml and Fokl polymorphisms with osteoporosis risk.
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Subtotal (-sguared = %, p= ) —— T 1 002(0.00, 0.15) 153

|
Qverall {--sguared = 70.7%, p = 0.000) ?. 0.78(0.57, 1.09) 100.00
NOTE: Weights are from random effects analysis 1
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Sluuy

%

D OR [95% CI) Weight
Caucasian |
Melissa Kow 2019 ——t— 0.75(0.34, 1.63) 288
Moran Jh, 2015 —— 2.22(093,530 278
Boron Dy 2015 — 1.19(0.78, 1.82) 371
Marozik B, 2013 ——— ) 0.24(0.11,053% 294
Gonzélez-Mercado, 2012 -LI—Q— 1.45(0.80, 2.64) 336
Efesoy & 2011 —_— 0.56(0.31, 2.37) 349
Mence-Bedrac, 2009 —— 1.20(0.83,1.73) 380
Seremak-Mrozikiewicz, 2009 —_— 1.07 (0.59, 1.93) 338
Durusu Tanriover 2010 —_—— 051023, 1.15) 291
Uysal A R 2008 - 1.19 (0,69, 2.06) 347
Pérez A, 2008 e 0.75(0.32, 1.74) 285
Duman B 55,2004 _—_—— 1.00(0.22, 4.687) 166
Lisker R.2003 | | 0.0% (341, 23.99) 357
Dourouds K, 2003 1 —_— 1040330, 3274) 225
Zajickova K, 2002 —— 1.02 (041, 2.54) 270
Langdahl BL, 2000 ——i] 0.38(0.12, 0.98) 351
Langdahl BL, 2000 —_— 0.88(0.43,1.79) 3nm
Fontova Garrafe, 2000 _.—'1' 043023, 1.08) 297
Gennari L. 1993 —_—— | 0.31(0.18, 0.54) 343
Vandevyver G, 1997 —— 0.94(0.57, 1.55) 356
Houston L A, 1996 e sm] 1.10(0.46, 2.61) 280
Subtotal {I-squared = 75.7%, p = 0.000) $> 0.99(0.72, 1.35) 62.24
Southeast Asian :
Techapatiphandee M, 2018 g T 0.31(0.03, 2.80) 1.01
Subtotal {I-squared = %, p=.} - 0.31(0.03, 2.80) 1.01
|
Indian 1
Ahmad |, 2018 r—.— 1.42(0.93, 2.16) 370
Mitra 5, 2008 —— | 0.32 (017, 0.60) 333
Subtetal {1-squared = 93 4%, p = 0,000 —— 0.59 (0.6, 2.9%) 703
|
East Agian |
Meng D F 2017 —iet— 0.64(0.33,1.24) 323
Liuj, 2005 —— 0.70(0.25, 1.97) 246
Zhu M, 2004 ——t— 0.61(0.26,1.42) 283
Chen J,2002 —— 0.87(0.37, 2.04) 282
Zhang H, 1998 & L 0.29(0.05,1.57) 145
Tarmal M, 1997 —I-.— 1.20(0.57, 2.52) 306
Yanag, 1996 ! —— 6.91(2.35, 20.32) 237
Subtetal {1-sauared = 66 8%, p = 0.006) -:r"> 0.96 (053, 1.75) 1823
Weet Asian !
Dehghan W, 2016 —p— 0.90(0.45, 178 318
Pouresmaeili F, 2012 —O—r 0.461(0.23, 0.94) 3.13
Follak R D, 2001 —.—r- 0.65(0.36, 1.16) 340
Subtetal (I-squared = 0.0%, p = 0420} <y 0.65(0.45, 0.94) 972
|
African 1
Mansourl, 2010 —_—l— ] 0.03{0.01,0.14) 178
Subtotal (I-squared = %, p =) —— e ] 0.03(0.01, 0.14) 178
I
Overall (l-squared = 76.1%, p = 0.000) q» 0.56 (068, 1.11) 10000
MNOTE: Weights are from random effects analkysis 1

00795

126

Figure 2. The forest plots of all selected studies on the association between VDR Bsml polymorphism and

osteoporosis risk in different races (A:allele model; B: additive model; C: recessive model).
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A

Study % Stuay %
D OR (95% CI) Weight D OR(95% Cl) Weight
8 ) N 1
Southeast Asian Southeast Asian [}
Techapatiphandee M. 2018 —_— 074 0.52, 1.07) 5.13 Techapatiphandse M, 2018 | g 206(0.97,4.37) 556
Subtotal (l-squared = %, p =.) ! 074 ©.52,107) 5.13 Subtotal (-squared=.%,p=) <|:> 206(0.97,4.37) 556
Indian ' Indian :
lsrar Ahmad. 2018 —_— 0.70 0.51, 0.95) 5.74 Israr Ahmads 2018 T 320(1.12,9.09) 439
‘Yasovanthi J. 2011 - 074 0.57, 098) 6.13 YasovanthiJ. 2011 I'_’_ 352(1.52 8.17) 519
Yasovanthi J, 2011 - 068 (0.51,093) 578 YasovarthiJ, 2011 = 415(1.77,9.74) 515
Witra 5. 2006 —— 0.54 (0.37, 0.80) 4.90 WMitra S; 2008 Y 262(1.30,5.31) 877
Subtotal (l-squared = 0.0%, p = 0.625) ol 068 (0.58, 0.80) 2255 Subtotal (-squared=0.0%, p = 0.871) [ <> 325(214,4.94) 20.51
1
. 1
‘W est Asian | West Asian :
Mohammadi Z. 2015 —— 2.05(1.14,370) 3.27 Mohamnadi Z, 2015 —_— 0.14(0.02, 0.77) 251
Mohammadi Z. 2015 —-— 097 067, 138) 519 Mohammadi Z, 2015 —r 102(0 44, 2.35) 521
Mohammadi Z. 2015 —— 102 (0.65, 162) 424 Mohammadi Z, 2015 —_— 0.93(0.24, 3.59) 338
WMohammadi z. 2015 —_—— 1.15 (0.54, 2.44) 2.37 Mohammadi Z, 2015 —0——{— 075(0.08,7.31) 166
Subtotal (-squared = 33.7%, p = 0.179) 1.18 (0.85, 163) 1507 Subtotal (-squared=31.1%, p=0.226) = 066(0.29, 1.54) 1276
. | i
Caucasian Caucasian |
GonzdlezWercado. 2013 —— 089 (059, 136) 460 Gonzdlez-Mercado, 2013 —-0— 1.32(0.55, 3.18) 504
Durusu Tanriover M 2010 —— 100052, 1981) 2389 Durusu T anriover M,2010 —_— 0.36(0.04, 3.65) 161
MencejBedrac. 2009 -+ 070 0.54,092) 615 MencerBedrac 2009 —— 202(115,354) 638
Pérez A, 2008 —— 106 (065 173) 399 Pérez A» 2008 —_— 1.00(0.35, 2.88 435
Lisker R,2003 — 115 (069, 193) 376 Lisker R 2003 —0:— 0835027‘254: 414
Zajickova K. 2002 —_— 142 .78, 258) 3.20 Zajickava K, 2002 059 (0.15, 2.28) 240
Langdahl B L. 2000 —— 0.89 0.48, 166) 3.06 Langdahl 8L, 2000 139(0.39, 5.00) 360
Langdahl B L. 2000 —— 097 062, 153) 432 Langdahl BL, 2000 — 081(0.32, 2.08) 473
Lucotte G. 1839 — 106072, 155) 457 Lucotte G, 1999 — 068 (027, 173) 484
Gennari L. 1999 —— 068 (0.48, 097) 5.29 Gennar L, 1999 - 249(1.14,5.43) 545
Subtotal (lsquared = 8.7%, p=0.353) ? 0389 (0.77,103) 4224 Subtotal (-squared= 19.5%, p=0.263) ‘Clb 1.23(0.87,1.73) 43.59
1
East Asian l| East Asian :
Xing 5 J, 2011 —_— 224 (1.23,410) 3.8 Xing § J, 2011 —=— | 0.19(0.05, 0.65) 375
Gud M,2010 —— 067 0.39, 115) 3.63 Gu.J M.2010 S—— 250(079.7.90) 402
b
Gud M,2010 —_— 1.03 0.38, 280) 1.53 GuJM2010 — 0.81(0.07, 9.16) 150
Zhang H H, 2006 —_— 030 (0.20,075) 2384 Zhang H H, 2006 —_— 630 (1,53, 2508) 331
ChoiY'li. 2000 | 051 (030,087) 361 Chai Y M, 2000 — 469(1.44,1535) 390
Subtotal (l-squared = 79.1%, p = 0.001) | 078 0.42, 145) 1479 Subtotal (-squared=79.3%, p=0.001) --.::I_':} 170(0.44, 6.58) 16.47
African : African :
MansourL. 2010 1 0.04 0.00,069) 0.23 Mansour Ls 2010 + 891(048, 16434 111
Subtotal (l-squared = %, p=.) —— 0.04 .00, 069) 0.23 Subtotal (-squared= %, p =) _#3_ 201(0.43 164349 111
Overall (-squared = £5.8%, p = 0.000} | 0.85 (0.74, 098) 100.00 Overal (i-squared=57.1%, p = 0.000) < 149107, 2.07) 100:00
. i
NOTE : W eights are fom random effects ?'_Y_"E' Sis II T MOTE: Weights are from random effects analysis 1
I
00241 1 415 00608 1 164
D %
Sy % OR(95% Cl) Weight
D OR (35% Ci) Weight
- I Southeast Asian :
Sautheast Asian Techapatiphandse M, 2018 -—— 230(1.19, 4.45) 601
Techapatiphandee M, 2018 —— 1.08 (0.62, 1.88) 493 Sublotal (-squared=.% p=.) - 230(1.19, 4.45) 601
Subtetal (-squared = %, p=) ﬁ} 1.08 (0.62, 1.88) 493 1
| Indian :
Indian Israr Ahmads 2018 T 290(1.03,8.19) 394
lgarAnmad. 2018 == 1.42(0.99, 204) 735 YasovarthiJ, 2011 — 331(1.46, 7.52) 503
Yasovanthi J» 2011 —— 127 (0.89, 181) 747 YasovarthiJ, 2011 = 399(175,9.09) 501
Yasovarthi J» 2011 —— 1.30 (0.87, 1.95) 6.74 Mitra S, 2006 - 214(1.13, 4.05) 614
Mitra S, 2006 o 182(1.10, 335) 497 Suttotal (-squared=0.0%, p = 0.672) | < 287(1.93,4.26) 20.12
Subtotal (I-squared = 0.0%, p = 0.643) hg 140 (114, 171) 2653 |
. i West Asian :
r“"";‘ “9‘3’; I | 041018 081 a0a Moharmad Z, 2015 i 0.21(0.04, 1.07) 209
Mohamimadi Z, * (018, 091) Moharmmad Z» 2015 — 099(0.44,2.73) 506
MohammadiZ, 2015 — 1.06 (0.67, 1.67) 811 Moharrad 2. 2015 N 093024 3.59) 285
MohammadiZ, 2015 — 0.98 (0.56, 1.71) 495 Maha EdZ, 2015 L 080009, 752) 126
MohammadiZ, 2015 —_— 0.24 (0.34, 212) 250 ° ] s
' Subtotal (- d=00%, p =040 077 (042, 143 125
Subtetal (-squared = 30.7%, p = 0.228) <_'T 0.85 (0.58, 1.24) 1650 otal {-square P 7 <:>] (0.42,1.43)
l
. ( Caucasian !
Caucasian
o ! _
Gonzélez-Mercado, 2013 — 106 (055, 205) 403 Sonaflez Hercano, 22001103 Joosoaniand e
Durusu Tanriover M, 2010 —— 118 (0.53, 250) 314 ”“’“5“ Ba‘::mrgéﬁg b (1 P 94’ -
MencerBedrac, 2009 — 147 (102, 213) 722 ence Bedec (1.03,2.84)
° , —_—
Pérez As 2008 —— 0.91(0.44, 188) 356 PerezA ! 107(0.4,2.78) 433
R
Lisker R,2003 —— 0.76 (0.37, 1.59) 3.49 Lisker R, 2003 ] 098(0.35,2.75) 398
—_—
ZajickavaK, 2002 —_— 0.40 (0.15, 1.07) 230 Zajickava K 2002 114(0.35,3.61) 247
Langdanl B L» 2000 —— 1.05 (0.4, 249) 274 Langdah! BL. 2000 1 142(0.43, 4.66) 334
Langdahl BLs 2000 B 137 (072, 260) 220 Langdahl B L, 2000 1 062 (0.26, 1.48) 476
Lucatte G, 1999 —— 1.08 (0.63, 1.85) 514 Lucatte G, 1989 i 062(0.26, 1.43) 476
Gennari L, 1999 —— 1.39 (0.86, 225) 577 Gennari L. 1999 T 228(1.10, 4.76) 554
Subtotal (-squared = 0.0%, p = 0.450) & 116 (0.96. 140) 4150 Sublotal (-squared=17.7%, p= 0.280) ':)I 121(0.89, 1.64) 4275
i 1
East Asian I East Asian 1
Xing § J, 2011 —— | 0.25 (0.09, 0.69) 207 Xing §J, 2011 * ! 045(0.17,1.17) 426
GuJM,2010 e 1.67 (0.64, 434) 236 GuJ M,2010 —+ 1.94(0.80, 4.68) 469
GuJM2010 —_— 1.24 (0.24, 6.28) 0.95 Gu.J M.2010 T 0.65(0.08, 5.39) 139
Zhang H H, 2006 —— 4.05(1.25, 13.08) 168 Zhang H H, 2006 T 296(1.04, 8.48) 388
Chal Y M 2000 H—— 200 (0 88, 454) 208 ChaiY M, 2000 T — 265(1.27, 10.48) 386
Subtetal (-squared = 73.0%, p = 0.005) <1t> 1.33(0.53, 3.35) 10.03 Sublotal (-squared=64.7%, p=0.023) <:F> 1.55(0.67, 3.60) 18.08
| 1
African f African I
Mansour L» 2010 t 19.61(1.12, 344.49) 032 Mansour L» 2010 + 7.07(0.38, 129.82) 079
Subtatal (-squared = %, p=.) == ————— 1es1(1123849) 032 Sublotal {-squared= %, p=) s o ———— g £ {CER T RN
Overall (I-squared = 40.0%, p = 0.021) b 1.16(0.98, 137) 100.00 Overall (l-squared = 47.5%, p = 0.005) d> 147(1.12,1.93) 100.00
1
NOTE: Weights are from randuT effeds analysis : T NOTE: Weights are from random effects analy sis 1
I
0029 1 344 0077 1 130

Figure 3. The forest plots of all selected studies on the association between VDR Fokl polymorphism and osteoporosis risk in different races (A: allele model; B: additive model,

C: dominant model; D: recessive model).
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Stuay %
D OR (95% CI) Weight
Female :
Techapatiphandee M, 2018 —:—0— 2.06 (0.97, 4.37) 5.56
Israr Ahmad, 2018 —_—— 3.20 (1.12, 9.09) 4.39
Mohammadi Z. 2015 —_—— : 0.14 (0.02, 0.77) 2.51
Mohammadi Z. 2015 —_——— 1.02 (0.44, 2.35) 521
Gonzalez-Mercado, 2013 —_—— 1.32 (0.65, 3.18) 5.04
Yasovanthi J. 2011 :—0— 352 (1.52,817) 519
Yasovanthi J. 2011 | —— 415 (1.77,9.74) 515
Xing S J, 2011 —_— : 0.19 (0.05, 0.65) 3.75
Mansour L, 2010 T + > 8.91(0.48, 168434 1.11
Durusu Tanriover M,2010 * : 0.36 (0.04, 3.65) 1.61
Gu J M,2010 -t 2.50 (0.79, 7.90) 4.02
Mencej-Bedrac. 2009 —:0— 2.02 (1.15, 3.54) 6.38
Pérez A, 2008 —_— 1.00 (0.35, 2.88) 4.35
Mitra S, 2006 | -i—o— 262 (1.30, 5.31) 5.77
Lisker R,2003 —0—:— 0.83 (0.27, 2.54) 4.14
Zajickova K. 2002 —0—|—|— 0.59 (0.15, 2.28) 3.40
Langdahl B L. 2000 —0—:— 0.31 (0.32, 2.08) 478
Choi Y M, 2000 —— 469 (1.44,15.35) 3.0
Lucotte G, 1999 —0——:— 068 (0.27,1.73) 4.84
Gennari L. 1999 ——— 2.49 (1.14, 5.43) 5.45
Subtotal (I-squared = 62.6%, p = 0.000) <> 1.46 (1.02, 2.11) 86.56
|
Male :
Mohammadi Z. 2015 —0—:— 0.93 (0.24, 3.59) 3.38
Mohammadi Z. 2015 L 0.75 (0.08, 7.31) 1.66
Gu J M,2010 * : 0.81 (0.07,9.16) 1.50
Zhang H H, 2006 —— 6.30 (1.58,25.08) 3.31
Langdahl B L. 2000 e 1.39 (0.39, 5.00) 3.60
Subtotal (I-squared =22.7%, p = 0.270) <¢> 1.61 (0.71, 3.66) 13.44
. 1
Overall (l-squared = 57.1%, p = 0.000) <> 1.49 (1.07,2.07) 100.00
NOTE: Weights are from random effects analysis :
| |
00608 1 164
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%

ID OR (95% CI) Weight
Female :
Techapatiphandee M, 2018 -:—0— 2.30 (1.19, 4.45) 6.01
Israr Ahmad. 2018 —t——t——— 2.90 (1.03, 8.19) 3.94
Mohammadi Z, 2015 —_— : 0.21 (0.04, 1.07) 2.09
Mohammadi Z, 2015 —_—— 0.99 (0.44, 2.23) 5.06
Gonzalez-Mercado, 2013 —_— 1.34 (0.63, 2.84) 5.42
Yasovanthi J. 2011 ——— 3.31(1.46,7.52) 5.03
Yasovanthi J, 2011 :—o— 3.99 (1.75, 9.09) 5.01
Xing S J, 2011 —_— : 0.45(0.17,1.17) 4.26
Mansour L. 2010 T *> > 7.07 (0.38,129.82) 0.79
Durusu Tanriover M, 2010 - : 0.32(0.03, 3.18) 1.21
Gu J M,2010 1 1.94 (0.80, 4.68) 4.69
Mencej-Bedrac. 2009 —o— 1.74 (1.03, 2.94) 6.93
Pérez A, 2008 ——— 1.07 (0.41, 2.78) 4.33
Mitra S, 2006 |—=—0— 214 (1.13, 4.05) 6.14
Lisker R,2003 —0—:— 0.98 (0.35, 2.75) 3.98
Zajickova K. 2002 _—— 1.14 (0.36, 3.61) 3.47
Langdahl B L. 2000 —0——: 0.62 (0.26, 1.48) 4.76
Choi Y M. 2000 - —— 3.65(1.27,10.48) 3.86
Lucotte G, 1999 * : 0.62 (0.26, 1.48) 476
Gennari L. 1999 ——— 229 (1.10, 4.76) 5.54
Subtotal (I-squared = 55.4%, p = 0.001) <> 1.48 (1.09, 2.00) 87.29

1
Male :
Mohammadi Z, 2015 —0—:— 0.93 (0.24, 3.54) 2.85
Mohammadi Z, 2015 1 0.80 (0.09, 7.52) 1.26
Gu J M,2010 * : 0.65 (0.08, 5.39) 1.39
Zhang H H, 2006 —+———— 2.96 (1.04, 8.48) 3.88
Langdahl B L, 2000 —_—T 1.42 (0.43, 4.66) 3.34
Subtotal (I-squared = 0.0%, p = 0.553) <:> 1.50 (0.81, 2.79) 12.71
: |
Overall (I-squared = 47.5%, p = 0.005) Q 1.47 (1.12, 1.93) 100.00
NOTE: Weights are from random effects analysis :

I
.0077 1 130

Figure 4. The forest plots of all selected studies on the association between VDR Fokl polymorphism and
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Figure 5. Begg’s funnel plot to assess publication bias.
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Table 1 Main characteristics and Quality score of studies included

First author / Year Country  Ethnicity Gender Cases Controls score
N Age’ Menopause BMD site  Diagnosis Matching N Healthy Age! Menopause BMD site

Melissa Kow, 2019 British Caucasian Men 69 58.96+12.78 Ne LS-fn WHO Ageand Sex 121 Yes 64.98 £10.06 Ne LS-hip 15
Techapatiphandee, 2018  Thai Southeast Asian  Female 105 73.10+890 PSM LS-hip WHO Sex 132 Yes 63.40+8.70 PSM LS-hip 13
Ahmad I, 2018 India Indian Female 254 56.12+7.00 PSM LS-hip-fn - WHO Ageand Sex 254  Yes 55.11+5.66 PSM LS-hip 14
Meng D F, 2017 China East Asian Female 90 67.20+8.60 Ne LS-hip Ne Sex 246  Yes 55.90+9.60 Female LS-hip 8
Dehghan M, 2016 Iran West Asian Men 130 46.10+6.00 Ne LS-fn WHO Sex 70  Yes 46.10+6.00 Men LS-hip 10
Ziablitsev D S, 2015 Ukraine Caucasian Female 30 Ne PSM Ne Ne Sex 44 Yes Ne PSM Ne 8
Mohammadi Z, 2015 Iran West Asian Female 142 5810790 PSM LS-hip-fn - WHO Ageand Sex 31  Yes 58.10+790 PSM LS-hip-fn 14
Mohammadi Z, 2015 Iran West Asian Female 101 3540+9.00 Pre LS-hip-fn - WHO Ageand Sex 374 Yes 35.40+9.00 Pre LS-hip-fn 15
Mohammadi Z, 2015 Iran West Asian Men<50 75 3290+860 Ne LS-hip-fn  WHO Ageand Sex 195 Yes 3290+8.60 Ne LS-hip-fn 15
Mohammadi Z, 2015 Iran West Asian Men>50 112 61.20+8.90 Ne LS-hip-fn  WHO Ageand Sex 24 Yes 61.20+8.90 Ne LS-hip-fn 14
Moran J M, 2015 Spanish Caucasian Female 150 60.24+7.74 PSM LS-fn WHO AgeandSex 30  Yes 59.73+9.28 PSM LS-fn 16
Boron D, 2015 Poland Caucasian Female 278 Ne PSM LS Ne Ageand Sex 292 Yes Ne PSM LS 13
Marozik P, 2013 Belarus Caucasian Female 54 5830+6.20 PSM LS-fn WHO Ageand BMI 77  Yes 56.70+£7.40 PSM LS-fn 11
Gonzélez M, 2013 Mexico Caucasian Female 88 57.65+558 PSM LS-fn WHO Sex 88  Yes 56.34£498 PSM LS-fn 11
Pouresmaeili F, 2013 Iran West Asian Female 64 5353+9.80 Ne LS-fn WHO Ageand Sex 82  Yes 53.53+£9.80 Ne LS-fn 12
Efesoy A, 2011 Turkey Caucasian Female 40 65.75+9.80 PSM LS-fn WHO Sex 30  Yes 62.40+8.70 PSM LS-fn 11
Yasovanthi J, 2011 India Indian Female 247 57.70x460 PSM LS WHO Ageand Sex 254  Yes 57.70+460 PSM LS 16
Yasovanthi J, 2011 India Indian Female 180 39.50+4.40  Pre LS WHO Ageand Sex 206 Yes 39.50+4.40 Pre LS 15
Xing S J, 2011 China East Asian Female 32 7250+6.40 Ne LS T-Score<2.0 Sex 70  Yes 70.50+5.20  Female LS 9
Mansour L, 2010 Egypt African Female 50 54.40+510 PSM LS-fn WHO Ageand Sex 20  Yes 5350+540 PSM LS-fn 8
Durusu T M, 2010 Turkey Caucasian Female 50  58.30+6.50 PSM LS-hip-fn  WHO Sex 50  Yes 57.30+6.60 PSM LS-hip-fn 11
GulJ M, 2010 China East Asian Female 33 5840+6.30 PSM Fn WHO Sex 148  Yes 58.40+6.30 PSM Fn 11
GulJ M, 2010 China East Asian Men 8 61.60+7.00 Ne Fn WHO Sex 260 Yes 61.60+7.00 Men Fn 12
Mencej B, 2009 Slovenia  Caucasian Female 239 6450+820 PSM LS-hip-fn  WHO Sex 228 Yes 61.50+8.30 PSM LS-hip-fn 12
Seremak M, 2009 Poland Caucasian Female 163 64.27+872 PSM LS WHO Sex 63  Yes 63.08+7.24 PSM LS 10
Uysal A R, 2008 Turkey Caucasian Female 100 Ne PSM LS-fn WHO Sex 146  Yes Ne PSM LS-fn 12
Pérez A, 2008 Argentina  Caucasian Female 64 6270+086 PSM LS-fn WHO Sex 68  Yes 59.40+0.85 PSM LS-fn 14
Mitra S, 2006 India Indian Female 119 54.2+3.40 PSM LS-fn WHO Sex 97  Yes 54.20+3.40 PSM LS-fn 11
Zhang H H, 2006 China East Asian Men 26 705530 Ne LS T-Score<2.0 Sex 66  Yes 73.40+430 Men LS 7
Liu j, 2005 China East Asian Men 89 Ne Ne LS-hip T-Score<2.0 Sex 56  Yes Ne Men LS-hip 10
Zhu M, 2004 China East Asian Female 40 Ne PSM LS-fn WHO Sex 158  Yes Ne PSM LS-fn 10
Duman B S, 2004 Turkey Caucasian Female 75  53.16+1.31 PSM LS-hip WHO Ageand Sex 66  Yes 5262+169 PSM LS-hip 10
Lisker R, 2003 Mexico Caucasian Female 65 65.20+£6.80 PSM LS-fn WHO Sex 57  Yes 56.50£6.00 PSM LS-fn 11
Douroudis K, 2003 Greece Caucasian Female 35 6137+£096 PSM Forearm  WHO Sex 44 Yes 58.68+1.01 PSM Forearm 12
Chen J, 2003 China East Asian Female 78 5472+260 PSM Forearm  T-Score<2.0 Sex 81  Yes 53.68+290 PSM Forearm 9
Zajickova K, 2002 Czech Caucasian Female 65 60.10+10.30 PSM LS-hip WHO Sex 33  Yes 63.60+7.80 PSM LS-hip 10
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Pollak R D, 2001
Langdahl B L, 2000
Langdahl B L, 2000
Fontova Garrofe, 2000
Choi Y M, 2000
Zhang H, 1998
Lucotte G, 1999
Gennari L, 1999
Gennari L, 1998
Vandevyver C, 1997
Tamai M, 1997
Yanagi, 1996
Houston L A, 1996

Israel
Aarhus
Aarhus
Spanish
Korea
China
French
Italian
Italian
Belgium
Japan
Japan
UK

West Asian
Caucasian
Caucasian
Caucasian
East Asian
East Asian
Caucasian
Caucasian
Caucasian
Caucasian
East Asian
East Asian

Caucasian

Female
Men

Female
Female
Female
Female
Female
Female
Female
Female
Female
Female

Female

75
30
80
75
48
17
124
164
155
698
90
23
44

Ne

55.70 £11.00
58.20 £ 6.40
58.30 £5.00
55.10 £ 6.00
56. 76

63.00 £ 12.30
57.70 £ 0.60
58.20 £ 0.60
75.20 £4.70
71.00 £ 10.00
Ne

66.00 + 0.85

Ne
Ne
Ne
PSM
PSM
Ne
PSM
PSM
PSM
PSM
Ne
Ne
Ne

LS-fn
LS-hip
LS-hip
LS-hip
LS-fn
LS
LS-fn
LS

LS
LS-fn
LS

LS
LS-hip

WHO
WHO
WHO
WHO
WHO
Ne
WHO
WHO
WHO
Ne
Ne
Ne
WHO

Sex
Age and Sex
Age and Sex
Sex
Sex
Sex
Age and Sex
Sex
Sex
Sex
Sex
Sex

Sex

105
119
136
86
92
66
44

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Ne

51.10 £ 15.70

56.20 £ 7.70

57.20 £4.50
55.10 £ 6.00

54.38

63.00 £ 12.30

56.90 = 0.60

57.10£0.70

66.30 + 8.40

43.00 £17.00

Ne

65.30 £ 0.95

Ne

Ne

Ne
PSM
PSM
Female
PSM
PSM
PSM
PSM
Female
Female

Female

LS-fn
LS-hip
LS-hip
LS-hip
LS-fn
LS
LS-fn
LS

LS
LS-fn
LS

LS
LS-hip

13
13
13

11

15

12
12

13

Ne = not available; PSM = Postmenopausal; Pre = Premenopause; LS = Lumbar spine; Fn = Femoral neck; 1= (Mean£SD)yrs
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Table 2 Genotype frequencies of VDR Bsml polymorphism in studies included in this meta-analysis

First author / Year Ethnicity Gender Case Con HWE
trol

BB Bb bb BB Bb bb Chi-squaretest P
Melissa Kow, 2019 Caucasian Male 31 66 21 11 34 13 1.752 0.1856
Techapatiphandee, 2018  Southeast Asian Female 85 19 1 103 25 4 2.377 0.1231
Ahmad I, 2018 Indian Female 54 137 63 54 152 48  9.909 0.0016
Meng D F, 2017 East Asian Female 4 12 74 6 24 216 19.383 0
Dehghan M, 2016 West Asian Male 31 70 29 14 39 17 0947 0.3304
Moran J M, 2015 Caucasian Female 18 65 67 3 19 8 2.752 0.0972
Boron D, 2015 Caucasian Female 101 121 56 128 113 51 8.26 0.0041
Marozik P, 2013 Caucasian Female 12 31 11 11 26 40 3.495 0.0616
Gonzéalez-Mercado, 2013  Caucasian Female 6 28 54 4 38 46 1.234 0.2667
Pouresmaeili F, 2013 West Asian Female 14 33 17 13 33 36 1.31 0.2524
Efesoy A, 2011 Caucasian Female 5 23 12 5 15 10 0.024 0.8756
Mansour L, 2010 African Female 27 15 8 1 2 17 3.951 0.0469
Mencej-Bedrac, 2009 Caucasian Female 27 110 103 40 100 88 1.538 0.2149
Seremak M, 2009 Caucasian Female 27 66 70 10 27 26 0.442 0.5062
Durusu T M, 2010 Caucasian Female 15 19 16 19 7 24 25.717 0
Uysal A R, 2008 Caucasian Female 18 48 34 24 78 44 1.155 0.2826
Pérez A, 2008 Caucasian Female 17 35 12 20 32 16 0.21 0.6469
Mitra S, 2006 Indian Female 51 46 22 19 38 40 3.072 0.0796
Liu j, 2005 East Asian Male 2 11 76 0 6 50 0.179 0.6719
Zhu M, 2004 East Asian Female 6 26 8 7 105 46 27.257 0
Duman B S, 2004 Caucasian Female 18 54 3 24 72 4 25 0
Lisker R, 2003 Caucasian Female 15 17 34 13 38 6 7.133 0.0076
Douroudis K, 2003 Caucasian Female 3 12 20 10 29 5 4.95 0.0261
Chen J, 2003 East Asian Female 0 13 65 0 12 69 0.518 0.4715
Zajickova K, 2002 Caucasian Female 21 24 20 10 13 10 1.485 0.223
Pollak R D, 2001 West Asian Female 18 50 32 11 47 42 0.16 0.6896
Langdahl B L, 2000 Caucasian Male 8 16 6 15 28 30 2.893 0.089
Langdahl B L, 2000 Caucasian Female 23 38 19 25 34 21 1749 0.186
Fontova G, 2000 Caucasian Female 9 49 17 10 22 19 0612 0.4341
Zhang H, 1998 East Asian Female 0 3 14 0 3 49  0.046 0.8304
Gennari L, 1998 Caucasian Female 40 92 23 11 76 49 6.129 0.0133
Vandevyver C, 1997 Caucasian Female 12 50 24 127 368 203 3.142 0.0763
Tamai M, 1997 East Asian Female 5 11 74 3 16 73 2784 0.0952
Yanagi, 1996 East Asian Female 2 7 57 5 7 11 2767 0.0962
Houston L A, 1996 Caucasian Female 8 19 17 9 19 16 0571 0.4498

HWE = HardyeWeinberg equilibrium; VDR = vitamin D receptor
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Table 3 Genotype frequencies of VDR Fokl polymorphism in studies included in this meta-analysis

First author / Year Ethnicity Gender Case Cont HWE
rol

FF Ff ff FF Ff ff Chi-squaretest P
Techapatiphandee, 2018  Southeast Asian Female 31 46 28 41 73 18 2613 0.106
Israr Ahmad, 2018 Indian Female 148 92 14 169 80 5 1.637 0.2008
Mohammadi Z, 2015 West Asian Female 80 56 3 11 17 3 0.95 0.3298
Mohammadi Z, 2015 West Asian Female 52 36 8 198 128 30 1.996 0.1577
Mohammadi Z, 2015 West Asian Male 40 26 3 111 73 9 0.476 0.4903
Mohammadi Z, 2015 West Asian Male 64 41 4 12 9 1 0.182 0.6698
Gonzalez M, 2013 Caucasian Female 24 45 19 25 48 15 0.974 0.3238
Yasovanthi J, 2011 Indian Female 104 119 24 122 124 8 12.594 0.0004
Yasovanthi J, 2011 Indian Female 73 82 25 97 101 8 8.71 0.0032
Xing S J, 2011 East Asian Female 11 14 7 8 35 27 0.443 0.5058
Mansour L, 2010 African Female 34 9 7 20 0 0 0 0
Durusu T M, 2010 Caucasian Female 27 22 1 29 18 3 0.009 0.9259
GuJ M, 2010 East Asian Female 6 18 9 40 84 24 3.266 0.0707
GuJ M, 2010 East Asian Male 2 5 1 76 137 47 1171 0.2791
Mencej-Bedrac, 2009 Caucasian Female 88 108 44 105 97 26 0.249 0.6179
Pérez A, 2008 Caucasian Female 22 32 10 22 36 10 0.586 0.4438
Mitra S, 2006 Indian Female 38 42 39 46 33 18 6.444 0.0111
Zhang H H, 2006 East Asian Male 4 13 9 28 28 10 0.458 0.4984
Lisker R, 2003 Caucasian Female 27 29 9 20 29 8 0.239 0.625
Zajickova K, 2002 Caucasian Female 26 28 11 7 21 5 254 0.111
Langdahl B L, 2000 Caucasian Male 12 13 5 30 34 9 0.018 0.8943
Langdahl B L, 2000 Caucasian Female 28 42 10 34 31 15 2554 0.11
Choi Y M, 2000 East Asian Female 12 23 13 26 33 6 0.961 0.327
Lucotte G, 1999 Caucasian Female 45 69 10 40 52 13 0.386 0.5346
Gennari L, 1999 Caucasian Female 60 73 31 53 55 11 0.372 0.542
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Table 4 Genotype frequencies of VDR Cdx2 polymorphism in studies included in this meta-analysis

Firstauthor/ Year  Ethnicity = Gender Case Control HWE

GG GA AA GG GA AA Chisquaretest P
Ziablitsev D S, 2015  Caucasian Female 16 20 8 2 12 16  0.015 0.9009
Marozik P, 2013 Caucasian Female 41 13 0 53 24 0 2.624 0.1052
GuJ M, 2010 East Asian Female 12 16 5 38 72 38 0.108 0.7423
GuJ M, 2010 East Asian Male 4 3 1 81 116 63 278 0.0955
Mencej-Bedrac, 2009 Caucasian Female 155 75 9 172 48 8 3.709 0.0541
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Table 5 Pooled estimates of association of VDR Bsml polymorphism and osteoporosis risk

Genetic Model Variable Test of Tests for Egger’s test
association heterogeneity
OR (95%Cl) P Ph 1? Pe
Bvshb Overall 1.11(0.94-1.31) 0.22 <0.001 77.40% 0.34
Caucasian 0.99 (0.83-1.18) 0.87 <0.001 70.70%
East Asian  1.06 (0.59-1.91) 0.85 <0.001 76.40%
West Asian  1.36 (1.06-1.74) 0.02 0.49 0.00%
Indian 1.49 (0.53-4.19) 0.45 <0.001 95%
Female 1.09 (0.90-1.31) 0.39 <0.001 79.60%
Male 1.29 (0.99-1.67) 0.06 0.75 0.00%
bb vs BB Overall 0.79 (0.57-1.09) 0.15 <0.001 70.70% 0.28
Caucasian  0.97 (0.68-1.39) 0.88 <0.001 65.20%
East Asian  0.77 (0.19-3.08) 0.71 0.01 72.40%
West Asian  0.55(0.33-0.92) 0.02 0.63 0.00%
Indian 0.53(0.09-3.26) 0.49 <0.001 93.70%
Female 0.82 (0.58-1.17) 0.28 <0.001 73.60%
Male 0.58 (0.33-1.02) 0.06 0.79 0.00%
Bb+bb vs BB Overall 0.87 (0.70-1.07) 0.19 <0.001 53.00% 0.15
Caucasian 1.02 (0.83-1.27) 0.83 0.06 34.20%
East Asian  0.74 (0.22-2.46) 0.63 0.02 65.80%
West Asian  0.68 (0.44-1.07) 0.09 0.82 0.00%
Indian 0.58 (0.19-1.76) 0.34 <0.001 88.40%
Female 0.89 (0.70-1.12) 0.32 <0.001 57.70%
Male 0.71(0.45-1.13) 0.15 094 0.00%
bb vs BB+Bb Overall 0.86 (0.67-1.11) 0.24 <0.001 76.10% 0.44
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Caucasian

East Asian

West Asian

Indian

Female

Male
BB+bb vs Bb Overall

Caucasian

East Asian

West Asian

Indian

Female

Male

0.99 (0.72-1.35)

0.96 (0.53-1.75)

0.65 (0.45-0.96)

0.69 (0.16-2.93)

0.89 (0.67-1.17)

0.70 (0.46-1.06)
0.98 (0.82-1.15)

0.98 (0.77-1.24)

1.04 (0.68-1.59)

0.87 (0.61-1.22)

1.19 (0.89-1.61)

0.98 (0.82-1.18)

0.94 (0.65-1.35)

0.94

0.89

0.02

0.61

0.40

0.09
0.76

0.85

0.87

0.41

0.24

0.86

0.74

<0.001

0.01

0.42

<0.001

<0.001

0.53
<0.001

<0.001

0.19

0.49

0.51

<0.001

0.56

75.70%

66.80%

0.00%

93.40%

78.30%

0.00%
55.20%

66.60%

31.50%

0.00%

0.00%

59.30%

0.00%

0.84

VDR Bsml: allele model: B vs b, additive model: bb vs BB, dominant model: Bb + bb vs BB, recessive model: bb

vs BB + Bb, overdominance model: BB + bb vs Bb
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Table 6 Pooled estimates of association of VDR Fokl polymorphism and osteoporosis risk

Genetic Model Variable Test of association Tests for heterogeneity Egger’s test
OR (95%CI) P Ph 1’ Pe
Fvsf Overall 0.86 (0.74-0.98) 0.03 <0.001 55.80% 0.30
Caucasian 0.89 (0.77-1.03) 0.12 0.35 9.70%
East Asian  0.78 (0.42-1.45) 0.43 0.001 79.10%
West Asian  1.18 (0.85-1.63) 0.32 0.002 73.90%
Indian 0.68 (0.58-0.80) 0 0.63 0.00%
Female 0.86 (0.74-1.00) 0.05 <0.001 59.90%
Male 0.83 (0.56-1.23) 0.35 0.14 41.90%
ff vs FF Overall 1.49 (1.07-2.07) 0.02 <0.001 57.10% 0.11
Caucasian  1.23(0.87-1.73) 0.24  0.26 19.50%
East Asian  1.69 (0.44-6.58) 0.45  0.001 79.30%
West Asian  0.66 (0.29-1.54) 0.34  0.23 31.10%
Indian 3.25(2.14-4.94) 0 0.87 0.00%
Female 1.46 (1.02-2.11) 0.04  <0.001 62.60%
Male 1.61(0.71-3.66) 0.25 0.27 22.70%
Ff+ff vs FF Overall 1.16 (0.98-1.37) 0.08  0.02 40.00% 0.42
Caucasian 1.16 (0.96-1.40) 0.12 045 0.00%
East Asian  1.33(0.53-3.35) 0.55 0.01 73.00%
West Asian  0.85(0.58-1.24) 0.40 0.23 30.70%
Indian 1.40 (1.14-1.71) 0.001 0.64 0.00%
Female 1.15(0.96-1.38) 0.12 0.02 45.20%
Male 1.19(0.74-1.90) 0.47 0.26 24.10%
ff vs FF+Ff Overall 1.47 (1.13-1.93) 0.01 0.01 47.50% 0.13
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Caucasian

East Asian

West Asian

Indian

Female

Male
FF+ff vs Ff Overall

Caucasian

East Asian

West Asian

Indian

Female

Male

1.21 (0.89-1.64)

1.55 (0.67-3.60)

0.77 (0.42-1.43)

2.87 (1.93-4.26)

1.48 (1.09-2.00)

1.50 (0.81-2.79)
1.01 (0.90-1.13)

0.97 (0.81-1.18)

1.02 (0.69-1.51)

1.06 (0.78-1.45)

0.97 (0.80-1.19)

1.03 (0.90-1.15)

0.94 (0.65-1.37)

0.24

0.31

0.41

0.01

0.20
0.87

0.78

0.91

0.71

0.80

0.78

0.76

0.28

0.02

0.41

0.67

0.001

0.55
0.69

0.41

0.88

0.53

0.63

0.45

0.93

17.70%

64.70%

0.00%

0.00%

55.40%

0.00%
0.00% 0.96

3.60%

0.00%

0.00%

0.00%

0.80%

0.00%

VDR Fokl: allele model: F vs f, additive model: ff vs FF, dominant model: Ff+ff vs FF, recessive model: ff vs

FF+Ff, overdominance model: FF+ff vs Ff
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Table 7 Pooled estimates of association of VDR Cdx2 polymorphism and osteoporosis risk

Genetic Model Test of association Tests for heterogeneity Egger’s test
OR (95%Cl) p Py 12 Pe

GvsA 1.54 (0.80-2.97) 0.20 <0.001 82.40% 0.12

AA VS GG 0.37 (0.11-1.28) 0.11 0.02 68.30% 0.29

GA+AA VS GG 0.64 (0.29-0.39) 0.27 0.002 75.70% 0.01

AA VS GG+GA 0.48 (0.22-1.07) 0.07 0.14 45.70% 0.85

GG+AA VS GA 0.84 (0.58-1.22) 0.36 0.28 21.30% 0.12
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VDR Cdx2: allele model: G vs A, additive model: AA VS GG, dominant model: GA+AA VS GG, recessive model:
AAVS GG+GA, overdominance model: GG+AA VS GA
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Table 8 Pooled estimates of association of VDR Bsml, Fokl,Cdx2 polymorphism and osteoporosis risk,

exclude low quality and HWD studies

Genetic Model

Test of association

Tests for heterogeneity

OR (95%ClI) P P 1?
VDR Bsml
Bvsb 1.16 (1.00-1.35) 0.05 0.002 53.00%
bb VS BB 0.74 (0.56-0.99) 0.04 0.021 42.50%
Bb+bb VS BB 0.88 (0.72-1.08) 0.22 0.194 20.60%
0.79 (0.63-0.98 )
bb VS BB+Bb 0.04 0.004 50.70%
BB+bb VS Bb 0.91 (0.79-1.06) 0.23 0.224 17.80%
VDR Fokl
Fvsf 0.93 (0.81-1.08) 0.33 0.009 48.00%
ff VS FF 1.17 (0.83-1.66) 0.37 0.006 50.20%
1.07 (0.89-1.27 )
Ff+ff VS FF 0.47 0.080 32.60%
ff VS FF+Ff 1.23 (0.93-1.63) 0.16 0.036 39.60%
FF+ff VS Ff 1.01 (0.88-1.15) 0.90 0.596 0.00%
VDR Cdx2
GvsA 1.17 (0.68-2.00) 0.57 0.026 67.50%
AA VS GG 0.68 (0.29-1.58) 0.37 0.269 23.80%
GA+AA VS GG 0.86 (0.44-1.66) 0.65 0.030 66.40%
AA VS GG+GA 0.72 (0.37-1.40) 0.34 0.531 0.00%
GG+AA VS GA 0.89 (0.55-1.45) 0.64 0.166 41.00%
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Table 9 Pooled estimates of association of VDR Bsml, Fokl polymorphism and osteoporosis risk, only studies

with high quality, matching, and studies conforming to HWE

Genetic Model

Test of association

Test for heterogeneity

OR (95%ClI) P P 12

VDR Bsml

Bvsh 1.14 (0.96-1..36) 0.14 0.469 0.00%
bb VS BB 0.71 (0.48-1.03) 0.07 0.652 0.00%
Bb+bb VS BB 0.86 (0.64-1.14) 0.28 0.870 0.00%
bb VS BB+Bb 0.81 (0.61-1.08) 0.15 0.215 26.80%
BB+bb VS Bb 0.96 (0.76-1.22) 0.74 0.410 2.60%
VDR Fokl

Fvsf 0.96 (0.81-1.14) 0.63 0.157 31.50%
ff VS FF 1.17 (0.84-1.61) 0.36 0.120 36.00%
Ff+ff VS FF 1.08 (0.91-1.30) 0.39 0.434 0.40%
ff VS FF+Ff 1.16 (0.86-1.57) 0.35 0.069 43.30%
FF+ff VS Ff 0.97 (0.81-1.15) 0.70 0.301 15.50%
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Table 10 False-positive report probability values for the statistically significant associations in current

meta-analysis

Variables OR (95% CI) 12 (%) Statistical power Prior probability of 0.001
OR=12 OR=15 OR=1.2 OR=15

Overall

ff vs FF 1.49 (1.07-2.07) 57.10%  0.098 0.516 0.994 0.971

ff vs FF+Ff 1.47 (1.13-1.93) 4750%  0.072 0.558 0.987 0.909

West Asian

Bvsh 1.36 (1.06-1.74) 0% 0.160 0.782 0.989 0.949

bb vs BB 0.55 (0.33-0.92) 0% 0.057 0.232 0.998 0.990

bb vs BB+Bb 0.65 (0.45-0.96) 0% 0.106 0.449 0.997 0.985

Indian

Fvsf 0.68 (0.58-0.80) 0% 0.007 0.594 0.317 0.006

ff vs FF 3.25(2.14-4.94) 0% 0 0 0.957 0.189

Ff+ff vs FF 1.40 (1.14-1.71) 0% 0.065 0.75 0.937 0.565

ff vs FF+Ff 2.87 (1.93-4.26) 0% 0 0.001 0.957 0.207

Female

ff vs FF 1.46 (1.02-2.11) 62.60%  0.148 0.557 0.997 0.987

ff vs FF+Ff 1.48 (1.09-2.00) 55.40%  0.086 0.535 0.992 0.952

Exclude low quality and HWD studies

Overall
bb VS BB 0.74 (0.56-0.99) 42.50% 0.212 0.759 0.995 0.982
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0.972

0.314 0.939 0.99

0.79 (0.63-0.98 )
50.70%

bb VS BB+Bb
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