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Abstract

overall analyses or sub-group analyses.

Background: Osteoporosis is a disease of the bones in which the density of the bones decreases. The prevalence
of this disease greatly varies in different populations of the world. Numerous studies have been investigated VDR
gene polymorphisms as osteoporosis risk in different ethnic groups. In present meta-analysis, the aim is to find out
the role of VDR gene polymorphisms (Fokl, Bsml, Apal, and Tagl) in osteoporosis risk.

Methods: Suitable case-control studies for present meta-analysis were retrieved from four electronic databases.
Open Meta-Analyst program was used for statistical analyses.

Results: Studies investigated Bsml (65 studies; 6880 cases/8049 controls), Apal (31 studies; 3763 cases/3934 controls),
Fokl (18 studies; 1895 cases/1722 controls), and Tagl (26 studies; 2458 cases/2895 controls) polymorphisms that were
included in the present meta-analysis. A significant association was found between the dominant model of Fokl (OR¢
Frvsrr = 1.19,95% Cl = 1.04-1.36, p = 001, = 39.36%) in the overall analysis and recessive model of the Caucasian
population of Tagl polymorphism (ORrt . Trse = 1.35,95% Cl = 1.11-163, p = 0.002, /* = 50.07%) with osteoporosis. On
the other hand, no such effect is found in any other genetic models and in any other gene polymorphisms of the

Conclusion: In conclusion, the authors found that the dominant model of Fokl in the overall analysis and recessive
model of Tagl in the Caucasian population are significantly associated with the development of osteoporosis.

Keywords: Osteoporosis; Vitamin D receptor, Bsml, Apal, Fokl, Tagl

Background

Bone is an active tissue that maintains itself by continu-
ous formation and reabsorption [1]. Osteoporosis is a
condition in which the density of the bone decreases
due to the increased activity of the osteoclasts [2]. A
great variance is observed in the prevalence of osteopor-
osis in different ethnic groups [3]. Age and gender are
the two major contributing factors in the occurrence of
osteoporosis. Worldwide, one out of three women over
the age of 50 experiences osteoporotic fractures in com-
parison to one in five men of the same age group [4].
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Genetic and environmental factors play a crucial role in
the etiology of osteoporosis [5, 6]. Calcium intake and
exercise are the main risk factors for osteoporosis [5]. It
is very well established that along with the environmen-
tal factors, individual genetics plays a key role in the de-
velopment of osteoporosis, e.g., (i) low bone density is
found in the female offspring of the osteoporotic women
[7], (ii) male offspring of idiopathic osteoporotic men
have low bone mineral density [8], and (iii) studies of fe-
male twins have shown heritability of bone mineral
density (BMD) to be 57 to 92% [9, 10].

Amongst all the genes studied in osteoporosis, the
vitamin D receptor (VDR) gene polymorphism is the
most important in the etiology of the disease [11, 12].
VDR gene polymorphisms have been reported to be
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associated with the development of several bone dis-
eases, multiple sclerosis, vitamin D-dependent rickets
type 1I, and other complex diseases [13]. However, the
mechanism by which the VDR gene influences bone
mass has not been fully elucidated.

In human, VDR gene is found on the chromosome
12 (12q12-q14) with 11 exons and spans ~ 75kb gen-
omic DNA. The most studied VDR gene polymor-
phisms are Bsml, Apal, Fokl, and Tagql. Although
several studies between osteoporosis and VDR gene
polymorphisms have been published, the results are
contradictory [14, 15]. This may be due to the differ-
ences in the designing of the studies, less number of
samples, differences in ethnicities, or various other
environmental factors. So, the aim of the present
study was to find an association between VDR gene
polymorphisms and osteoporosis risk.
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Methods

Different databases (PubMed, Google Scholar, Springer-
Link, and Science direct) were searched up to December
31, 2018, with the keywords “vitamin D receptor gene,”
“Bsml,” “Apal,” “Fokl,” “Taql,” and “VDR,” along with
“osteoporosis.” The retrieved studies were conducted be-
tween 1995 and 2018, and we examined all the retrieved
papers thoroughly to determine their suitability for in-
clusion in the current meta-analysis.

Inclusion and exclusion criteria

Studies found suitable to be included in the present
study should have (a) a case-control study and (b) re-
ported the sample size and distribution of genotypes.
Similarly, a study should be excluded if (a) the study was
conducted on the animal model, (b) the study that has
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Fig. 1 Flow diagram of study search and selection process
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replication of data, (c) only cases were reported, and (d)
book chapters or review articles.

Data extraction

From the selected articles, we extracted different infor-
mation like (a) last name of the first author, (b) year of
publication of the study, (c) country where the study was
conducted, and (d) number of genotypes in different
groups. We also checked whether the genotype distribu-
tions of control population of all the included studies
were in agreement with Hardy—Weinberg equilibrium
(HWE) by using the goodness of fit chi-squared test. All
the data from the different papers were retrieved by the
two authors (UY and PK) and if any discrimination was
found, it was resolved by the consultation with the cor-
responding author.

Statistical analysis

Meta-analysis was done according to the method
given in Rai et al. [16]. Briefly, statistical analysis of
different vitamin D receptor gene polymorphisms and
risk of osteoporosis were estimated by pooling the
odds ratio (OR) with its corresponding 95% confi-
dence intervals (CI). Heterogeneity was tested using Q
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statistics (a p value of less than 0.05 was considered
significant). The I* statistics was also used to assess
the discrepancy between studies. If the heterogeneity
was higher (p value of Q test < 0.05 or P > 50%)
than the random effect model [17] that was applied,
fixed effect model [18] was used. The heterogeneity
may arise due to the differences in ethnicities or vari-
ation in study design or outcome. The funnel plot of
precision by log odds ratio and standard error by log
odds ratio was assessed for the possible publication
bias, and if the funnel plot was found asymmetric, it
denoted a publication bias [19]. The linear regression
method of Egger was used to measure the asymmetry
in the funnel plot [20], and a statistically significant
publishing bias was considered to be a p value of <
0.05. The meta-analysis was conducted by Open
Meta-Analyst program [21].

Results

PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guideline was followed in
the present meta-analysis. Flow chart of article selec-
tion was shown in Fig. 1 with specific reasons.
Eighty-one studies were found to be eligible for

Table 1 Summary estimates for the odds ratio (OR) of Bsml in various allele/genotype contrasts, the significance level (p value) of

heterogeneity test (Q test), and the /> metric

Gene Genetic contrast Fixed effect OR Random effect OR Heterogeneity p value (%)  Publication bias
(95% Cl), p (95% ClI), p (Q test) (p of Egger’s test)
Overall (65) Allele contrast (b vs. B) 0.90 (0.85-0.94), < 0.001  0.89 (0.78-1.01), 009 < 0.001 8202 073
Dominant (bb + Bb vs. BB)  0.84 (0.77-0.92), < 0.001  0.81 (0.68-0.97),0.02 < 0.001 6561 034
Homozygote (bb vs. BB) 1(0.73-0.90), < 0001  0.77 (0.60-0.99), 0.04 < 0.001 7601 058
Co-dominant (Bb vs. BB) 0.88 (0.80-0.97), 0 085 (0.73-0.98), 003 < 0.001 4351 033
Recessive (BB + Bb vs. bb)  0.89 (0.83-0.96), 0.004 0.88 (0.74-1.06), 020 < 0.001 7737 094
Asian (22) Allele Contrast (b vs. B) 0.84 (0.74-0.95), 0.008 0.86 (061-1.19), 036 < 0.001 8158 092
Dominant (bb + Bb vs. BB)  0.70 (0.55-0.90), 0.005 0.70 (046-1.06), 0.09  0.007 4766 091
Homozygote (bb vs. BB) 0.63 (0.47-0.84), 0.002 064 (0.34-1.22),0.17 < 0.001 6837 070
Co-dominant (Bb vs. BB) 0.77 (0.59-1.00), 0.05 0.75 (0.58-0.98), 003  0.84 0 0.79
Recessive (BB + Bb vs. bb) ~ 0.86 (0.72-1.03), 0.10 0.84 (0.56-1.27), 042 < 0.001 7582 078
Caucasian (37)  Allele contrast (b vs. B) 0.87 (0.82-0.92), < 0.001  0.86 (0.74-1.00), 0.05 < 0.001 8109 074
Dominant (bb + Bb vs. BB)  0.85 (0.77-0.94), 0.003 0.84 (0.69-1.04),0.11 < 0.001 6926 057
Homozygote (bb vs. BB) 0.78 (0.69-0.88), < 0.001  0.76 (0.57-1.02), 0.06 < 0.001 7736 063
Co-dominant (Bb vs. BB) 1(0.82-1.02), 0 0.90 (0.75-1.08), 029 < 0.001 5243 072
Recessive (BB + Bb vs. bb)  0.82 (0.75-0.90), < 0.001  0.81 (0.66-1.00), 0.05 < 0.001 755 0.72
Other (6) Allele contrast (b vs. B) 1.28 (1.08-1.51), 0.003 1.19 (0.76-1.85), 043 < 0.001 84.7 045
Dominant (bb + Bb vs. BB)  1.00 (0.75-1.33), 0.96 0.82 (040-167),059 < 0.001 80.11 031
Homozygote (bb vs. BB) 1.50 (1.08-2.10), O 1.27 (0.54-3.00), 0.57 < 0.001 8065 054
Co-dominant (Bb vs. BB) 0.77 (0.57-1.05), 0.10 062 (031-1.24), 018 < 0.001 7566 017
Recessive (BB + Bb vs. bb) 169 (1.32-2.16), < 0.001  1.71 (0.97-3.03), 0.06 < 0.001 7825 079
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Studies Estimate (95% C.I.)
Melhas et al., 1994 2.830 (1.764, 4.540)
Riggs et al., 1995 0.711 (0.429, 1.178)
Berg et al., 1996 1.125 (0.495, 2.556)
Houston et al., 1996 1.099 (0.602, 2.004)
Vandevyver et al., 1997 1.064 (0.773, 1.465)
Feskanich et al., 1998 0.954 (0.739, 1.231)
Gennari et al., 1998 0.444 (0.320, 0.616€)
Gomez et al., 1999 0.686 (0.611, 1.285)
Poggi et al., 1999 0.669 (0.250, 2
Aerssens et al., 2000 1.297 (0.960,
Garrofé et al., 2000 0.867 (0.521,
Langdahl et al., 2000 0.776 (0.549,
Vaimiki et al., 2001 1.368 (1.008,
Zajickova et al., 2002 0.970 (0.536,
Alvarez-Hema'ndez et al., 2003 1.197 (0.603,
Douroudis et al., 2003 3.630 (1.836,
Duman et al., 2004 0.621 (0.343,
Gamero et al., 2005 0.607 (0.478,
Rass et al, 2006 1.322 (0.753,
Wengreen et al., 2006 0.834 (0.726,
Horst-Sikorska et al., 2007

Pérez et al., 2008

Uysal et al., 2008

Zambrano-Morales et al., 2008

Chatzipapas et al., 2009

Mencej-Bedrac et al., 2009

Musumeci et al., 2009

Seremak-Mrozikiewicz et al., 2009

Mansour et al., 2010

Tanriover et al., 2010

Efesoy et al., 2011

Yoldemir et al., 2011

Marozik et al., 2013

Boro et al,, 2015

Moran et al, 2015

Di Spigna et al., 2016

Marozik et. al., 2018

Subgroup Caucasian (1*2=81.09 % , P=0.000)

Lim et al., 1995
Yanagi et al., 1996
Zhang et al., 1998
Huang et al., 2000
Lietal, 2000
Zhang et al., 2000
Pollak et al., 2001
Leng et al., 2002
Liang et al., 2002
Chen et al., 2003
Zhu et al., 2004

Liu et al , 2005

Mitra et al,, 2006
Wang et al., 2007
Dincel et al., 2008
Quevedo et al., 2008
Ge et al., 2009
Zhang et al., 2011 5.991 (3.674,
Pouresmaeili et al., 2013 0.617 (0.385, 0.989)
Kim et al., 2015 .180 4
Dehghan and Pourahmad-Jaktaji, 2016 0.890 (0.590, 1
Techapatiphandee et. al., 2018 0.778 (0.436, 1.389)
Subgroup Asian (1*2=81.58 % , P=0.000) 0.860 (0.618, 1

Ramalho et al., 1998

Borjas-Fajardo et al., 2003

Lisker et al,, 2003

Gonzalez-Mercado et al., 2013

Hussien et al., 2013

Mosaad et al., 2014

Subgroup Other (1*2=84.7 % , P=0.000)
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Fig. 2 Random effect forest plot of allele contrast model (b vs. B) of VDR Bsml polymorphism. Results of individual and summary OR estimates,
and 95% Cl of each study were shown. Horizontal lines represented 95% Cl, and dotted vertical lines represent the value of the summary OR
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inclusion in the present meta-analysis after applying
the inclusion and exclusion criteria. Out of 81 in-
cluded studies, Bsml, Apal, Fokl, and Tagl polymor-
phisms were investigated in 65, 31, 18, and 26 studies
respectively.

Eligible studies
For Bsml, a total of 65 studies with 6880 cases and 8049
controls were included in the meta-analysis [22-86].

For Apal, a total of 31 studies with 3763 cases and
3934 controls were found eligible for the meta-analysis
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[24, 28, 30, 38, 44, 45, 48, 51, 56, 63, 64, 66, 69, 71, 73,
75,77,79, 81, 83-85, 87-95].

For Fokl, meta-analysis which has a total of 18 studies
with 1895 cases and 1722 controls were included in the
meta-analysis [38, 45, 50, 56, 61, 67, 70, 71, 73, 75, 79,
81, 84, 96-100].

For Tagql, a total of 26 studies including 2458 cases
and 2895 controls were found eligible for inclusion in
the meta-analysis [24, 28, 30, 38, 45, 48, 51, 56, 63, 64,
69, 71, 73,75, 77, 79, 81, 83-86, 92, 93, 95, 101, 102].

Meta-analysis

Bsml meta-analysis

In allele contrast model, high heterogeneity was observed
with insignificant association (ORyp = 0.89, 95% CI =
0.78-1.01, p = 0.09, P = 82.02%, Pheterogencity = < 0.001).
No significant association was found in any other genetic
models—for dominant model (bb + Bb vs. BB) OR = 0.81,
95% CI = 0.68-0.97, p = 0.02; for homozygote model (bb
vs. BB) OR = 0.77, 95% CI = 0.60-0.99, p = 0.04; for co-
dominant model (Bb vs. BB) OR = 0.85, 95% CI = 0.73—
0.98, p = 0.03; and for recessive model (BB + Bb vs. bb)
OR = 0.88, 95% CI = 0.74-1.06, p = 0.20. Heterogeneity
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was high in all the genetic models except in the co-
dominant model (Table 1; Fig. 2).

Ethnicity was used for the sub-group analysis. Out of
65 studies, 37 belong to Caucasians, 22 were Asian, and
6 were of other origins. High heterogeneity was observed
in all genetic models in all sub-groups. No significant as-
sociation was found in any sub-group analyses in any
genetic models (Table 1; Fig. 2).

Apal meta-analysis
Insignificant association with high heterogeneity was
found in the allele contrast model (OR, s = 1.01, 95%
CI = 0.87-1.17, p = 0.86, I’ = 74.82%, Pheterogencity = <
0.001). No significant association was found in any other
genetic models—for dominant model (aa+Aa vs. AA)
OR = 0.95, 95% CI = 0.78-1.14, p = 0.60; for homozy-
gote model (aa vs. AA) OR = 0.97, 95% CI = 0.72-1.30,
p = 0.84; for co-dominant model (Aa vs. AA) OR = 0.92,
95% CI = 0.81-1.04, p = 0.21; and for recessive model
(AA+Aa vs. aa) OR = 1.02, 95% CI = 0.81-1.28, p = 0.83
(Table 2; Fig. 3).

The ethnicity-based sub-group analyses were con-
ducted. Out of 31 studies, 15 were Caucasians, 12 were
Asians, and 4 were of other origin. High heterogeneity

Table 2 Summary estimates for the odds ratio (OR) of Apal in various allele/genotype contrasts, the significance level (p value) of
heterogeneity test (Q test), and the /> metric

Gene Genetic contrast Fixed effect OR Random effect OR Heterogeneity p value > (%)  Publication bias
(95% Cl), p (95% CI), p (Q test) (p of Egger’s test)
Overall 31) Allele contrast (a vs. A) 0.99 (0.92-1.06), 0.90 1.01 (0.87-1.17), 0.86 < 0.001 7482  0.79
Dominant (aa+Aa vs. AA) 092 (0.82-1.04), 0.20 0.95 (0.78-1.14), 0.60 < 0.001 5528 017
Homozygote (aa vs. AA) 0.96 (0.83-1.11), 0.60 0.97 (0.72-1.30), 0.84 < 0.001 6858 065
Co-dominant (Aa vs. AA) 092 (0.81-1.04), 0.21 0.93 (0.79-1.09), 040 0.051 313 0.09
Recessive (AA+Aa vs. aa) 6 (0.94-1.18), 0.30 1.02 (0.81-1.28), 0.83 < 0.001 6895 050
Asian (12) Allele contrast (a vs. A) 0.99 (0.89-1.12), 0.99 0 (0.84-1.45), 0.46 < 0.001 7848 032
Dominant (aa+Aa vs. AA) 1(0.82-1.24), 0.90 1.09 (0.81-149), 0.54 0.05 4375 004
Homozygote (aa vs. AA) 0.90 (0.71-1.15), 043 1.03 (0.64-1.65), 0.89 0.004 60.16 032
Co-dominant (Aa vs. AA) 4(091-1.44), 0.24 2 (0.89-1.41), 032 0.83 0 0.007
Recessive (AA+Aa vs. aa) 0.99 (0.83-1.17), 0.90 1 (0.70-1.46), 0.93 < 0.001 7292 082
Caucasian (15)  Allele contrast (a vs. A) 0.96 (0.86-1.06), 0.45 0.92 (0.72-1.18), 0.54 < 0.001 7800 049
Dominant (aa+Aa vs. AA) 091 (0.77-1.08), 0.31 0.90 (0.66-1.23), 0.52 < 0.001 6783 081
Homozygote (aa vs. AA) 0.94 (0.76-1.17), 062 0.86 (0.52-142), 0.57 < 0001 7596 057
Co-dominant (Aa vs. AA) 091 (0.77-1.09), 0.34 1(0.70-1.19), 0.52 0.014 4993 096
Recessive (AA+Aa vs. aa) 0.98 (0.81-1.18), 0.87 0.88 (0.61-1.28), 0.53 < 0.001 6833 042
Other (4) Allele contrast (a vs. A) 7 (0.91-1.26), 0.38 1.07 (0.90-1.27), 0.39 036 532 0.76
Dominant (aa+Aa vs. AA) 082 (0.63-1.07), 0.15 0.82 (0.62-1.07), 0.15 043 0 048
Homozygote (aa vs. AA) 1.11 (0.79-1.55), 0.52 7 (0.64-1.13), 0.60 0.03 6555 044
Co-dominant (Aa vs. AA) 067 (0.50-0.89), 0.007 067 (0.50-0.89), 0.007  0.63 0 0.68
Recessive (AA+Aa vs. aa) 42 (1.10-1.83),0007 149 (1.00-2.23), 0.04 0.09 524 038
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Fig. 3 Random effect forest plot of allele contrast model (a vs. A) of VDR Apal polymorphism

was observed in Caucasian studies while low heterogen-
eity was found in Asian and other studies. Insignificant
association was found in all sub-group analyses and in
all the genetic models except for the recessive model of
the other studies (AA+Aa vs. aa) OR = 1.49, 95% CI =
1.00-2.23, p = 0.04 (Table 2; Fig. 3).

Fokl meta-analysis

In the dominant model of Fokl polymorphism, significant as-
sociation was found (ORg , prerr = 1.19, 95% CI = 1.04—
1.36, p = 001, P = 39.36%). No significant association was
observed in any other genetic models—allele contrast model
ORgsr = 1.13, 95% CI 0.95-1.34, p = 0.15, P = 61.8%, Phetero-
geneity = < 0.001; homozygote model (ff vs. FF) OR = 1.38,
95% CI = 0.92-2.05, p = 0.11; co-dominant model (Ff vs. FF)

OR = 112, 95% CI = 0.97-1.30, p = 0.11; and recessive
model (FF + Ff vs. ff) OR = 1.34, 95% CI = 0.94-191, p =
0.10) (Table 3; Fig. 4).

Studies were further analyzed by sub-group analysis
on the basis of ethnicity. Out of 18, ten studies belong to
Caucasians, five were Asians, and three were of other
ethnicity. High heterogeneity was found in Asian and
other studies; while in the Caucasian studies, low hetero-
geneity was observed. No significant association was
found in any sub-group in any genetic model (Table 3;
Fig. 4).

Taql meta-analysis
High heterogeneity with insignificant association was
found in the allele contrast model of Tagl polymorphism
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Table 3 Summary estimates for the odds ratio (OR) of Fokl in various allele/genotype contrasts, the significance level (p value) of

heterogeneity test (Q test), and the I metric

Gene Genetic contrast Fixed effect OR Random effect OR Heterogeneity p value > (%) Publication bias
(95% Cl), p (95% Cl), p (Q test) (p of Egger's test)
Overall (18) Allele contrast (f vs. F) 9 (1.08-1.31), < 0.001 3 (0.95-1.34), 0.15 < 0.001 618 0.64
Dominant (ff + Ff vs. FF) 9 (1.04-1.36), 0.01 3(094-137),0.18 0.04 3936 040
Homozygote (ff vs. FF) 147 (1.19-1.83), < 0.001 .38 (0.92-2.05), 0.11 < 0.001 6208 099
Co-dominant (Ff vs. FF) 2(0.97-1.30), 0.1 0(093-1.29),024 029 1369 015
Recessive (FF + Ffvs. ff) ~ 1.40 (1.15-1.72), < 0001 1.34 (0.94-1.91), 0.10 0.001 5798 069
Asian (5) Allele contrast (f vs. F) 1.28 (1.07-1.53), 0.007 (0.76-1.82), 045 < 0.001 79.79 050
Dominant (ff + Ff vs. FF) ~ 1.24 (0.96-1.59), 0.08 (0.71-1.89), 0.53 0.02 6588 061
Homozygote (ff vs. FF) 1.73 (1.18-2.52), 0.004 1.68 (0.68-4.14), 0.25 < 0.001 7892 088
Co-dominant (Ff vs. FF) 5(0.87-1.52),0.30 1.09 (0.70-1.70), 0.69 0.12 4524 036
Recessive (FF + Ff vs. ff) 1.66 (1.16-2.37), 0.005 1.60 (0.76-3.37), 0.21 0.004 7374 088
Caucasian (10)  Allele contrast (f vs. F) 1 (0.99-1.29), 0.06 (0.86-1.29), 0.61 0.04 4884 078
Dominant (ff + Ff vs. FF) 5(0.96-1.38),0.12 1.07 (0.83-1.39), 0.57 0.09 3958 065
Homozygote (ff vs. FF) 1.27 (0.95-1.70), 0.10 1(0.73-1.70), 0.61 0.09 3935 028
Co-dominant (Ff vs. FF) 1 (091-1.34), 0.27 1.07 (0.85-1.35), 0.54 022 2334 063
Recessive (FF + Ff vs. ff) 1(0.92-1.59), 0.15 1.12 (0.78-1.61), 0.53 0.17 2992 044
Other (3) Allele contrast (f vs. F) 1.26 (0.97-1.64), 0.08 (0.84-2.04), 0.21 0.07 6097 058
Dominant (ff + Ff vs. FF)  1.24 (0.86-1.77), 0.23 1.24 (0.86-1.77), 0.23 0.62 0 0.82
Homozygote (ff vs. FF) 1 (1.00-3.65), 0.05 3.28 (0.51-20.87),020 001 7817 007
Co-dominant (Ff vs. FF) 1(0.76-1.61), 0.56 1.11(0.76-1.61), 056  0.74 0 0.07
Recessive (FF + Ffvs. ff)  1.72 (0.96-3.05), 0.06 330 (049-22.00), 021 0.005 81.08  0.001

(ORyst = 1.10, 95% CI = 0.91-1.32, p = 0.30, P =77.26%,
Pheterogeneity = < 0.001). Insignificant association was found
in the other four genetic models—dominant model (tt +
Tt vs. TT) OR = 1.09, 95% CI = 0.84-1.41, p = 0.48; for
homozygote model (tt vs. TT) OR = 1.20, 95% CI = 0.85—
1.69, p = 0.29; for co-dominant model (Tt vs. TT) OR =
1.04, 95% CI = 0.82-1.33, p = 0.70; and for recessive
model (TT + Ttvs. tt) OR = 1.16, 95% CI = 0.91-1.48, p =
0.20 (Table 4; Fig. 5).

The studies were further analyzed on the basis of eth-
nicity for sub-group analysis. Out of 26 studies, 17 be-
long to Caucasians, six were Asians, and three were of
other ethnicity. High heterogeneity was observed in all
groups, i.e., Asian, Caucasian, and other studies. Insig-
nificant results were found in all the sub-groups of all
the genetic models except for the recessive model of the
Caucasian population (TT + Tt vs. tt) OR = 1.35, 95%
CI = 1.11-1.63, p = 0.002 (Table 4; Fig. 5).

Sensitivity analysis

To conduct sensitivity analysis, all the studies deviated
from the Hardy—Weinberg equilibrium (p < 0.05) were
omitted. In Bsml, 21 studies [27, 30, 34, 38, 39, 44, 48—
52, 58, 60, 62, 64, 66, 68, 70, 71, 76, 80] were deviated
from the HWE. Meta-analysis, after removal of these 21

studies, showed no significant association with osteopor-
osis risk in the main analysis (ORp,sp = 0.99, 95% CI =
0.85-1.15, p = 0.92, I* = 77.48%) or in any sub-groups
(Asian subgroup ORpsp = 0.99, 95% CI = 0.66-1.50, p =
0.99, I* = 83.65%; Caucasian subgroup ORpsp = 0.96,
95% CI = 0.83-1.11, p = 0.65, I* = 69.61%; and other
studies subgroup ORysp = 1.24, 95% CI = 0.64-2.43, p
= 051, I = 86.53%). When these 21 studies were re-
moved, heterogeneity was decreased in both the overall
and in the sub-group meta-analyses except in the Asian
studies.

In total of 18 FokI studies, control population in five
studies [56, 70, 79, 99, 100] was not in HWE. When
these studies were removed from the analysis, insignifi-
cant association was found in the main analysis (ORgr
= 1.12, 95% CI = 0.99-1.26, p = 0.05, I = 46.48%), and
no association was found in any sub-group. Removal of
these studies decreases the heterogeneity both in the
overall and in sub-group meta-analyses.

The control samples of nine Apal studies [28, 30, 44,
48, 51, 56, 71, 83, 94] were not in HWE. Result of meta-
analysis after removal of these nine studies showed no
association between Apal polymorphism and osteopor-
osis risk in the main/overall analysis (OR,sa = 1.07,
95% CI = 090-127, p = 039, I* = 73.94%) and
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Studies Estimate (95% C.I.)
Gennari et al., 1999
Lucotte et al., 1969 1.08¢
Langdahl et al., 2000 1. 24¢
Zalickova et al,, 2002
Pérez et al., 2008
Mencej-Bedrac et al., 2009
Mansour et al,, 2010
Tanrover et al,, 2010 1.176
Yoldemir et al., 2011 0.884
Di Spigna et al,, 2016 ). 54¢
Subgroup Caucasian (1*2=NA , P=0.093) 1.154

(0.860,  2.252)
(0.631, 1.850)
(0.749, 2.055)
(0.153, 1.066)
(0,443, 1.883)
1.475 (1.019, 2.134)
19,609 (1,116, 344.489)
(0.534,  2.593)
(0,544, 1.438)
(0.224, 1.325)
(0.961, 1.385)
Chol et al., 2000 2,000 (0,881 1,543)
Mitra et al., 2006 1. 3.347)
Yasovanthi et al,, 2011 1.271 (0.893, 1.808)
Kim et al., 2015 0.872 (0.376
Mohammadi et al., 2015 ).406 (0. 0.911)
Subgroup Asian (I1*2=NA , P=0.019) 1.242 969, 1.593)

323

Lisker et al., 2003 1.374 (0.538, 3.505)
Gonzalez-Mercado et al,, 2013 0,945 (0,489, 1.82
Mosaad et al., 2014 1,395 (0. 2.252)
Subgroup Other (I*2=NA , P=0.628) 1,241 868, 1.774)
Overall (1"2=NA , P=0.044) 1.192

. 040, 1.366)

Fig. 4 Fixed effect forest plot of dominant model (ff + Ff vs. FF) of VDR
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Fokl polymorphism

Caucasian population (OR,s4 = 0.85, 95% CI = 0.63—
1.16, p = 0.32, I* = 78.62%) but the Asian population
(ORyysa = 142, 95% CI = 1.03-1.96, p = 0.03, I* =
77.61%) and subgroup other studies (recessive model
ORAA 4+ Aavsaa = 149, 95% CI = 1.00-2.23, p = 0.04, P=
52.4%) showed statistically significant association with
osteoporosis. Heterogeneity was also decreased both in
the overall and sub-group meta-analyses.

Out of 26 Tagql studies, control samples of the four
studies [28, 56, 77, 101] were deviated from the HWE.
Results of meta-analysis of 22 studies (after elimination
of 4 studies deviated from HWE) did not show any asso-
ciation between Tagl polymorphism and osteoporosis
risk either in total studies (ORssr = 1.05, 95% CI =
0.85-1.29, p = 0.63, I = 78.86%) or in any sub-group.
Moreover, after removal of these 4 studies, there was an
increase in the heterogeneities in overall and sub-group
meta-analyses except the Asian population.

Publication bias

In all the genetic models in the overall and in sub-group
meta-analyses for all polymorphisms, the funnel plots
were symmetrical (Fig. 6; Tables 1-4) except recessive
model of the other studies in Fokl and co-dominant
model of the Asian studies in Apal polymorphisms.

Similarly, no publication bias was found in any genetic
model in overall meta-analyses of all the four polymor-
phisms by the Egger’s test except recessive model of the
other studies in Fokl and co-dominant model of the
Asian studies in Apal polymorphism (Tables 1-4).

Discussion

The vitamin D receptors are the members of the nuclear
hormone receptor (NR1I) family and expressed in differ-
ent organs like the intestine, thyroid, and kidney in
humans [103]. It is primarily responsible for the endocrine
action of vitamin D that regulates calcium homeostasis
and reduces the risk of osteoporosis. VDR is translocated
from the cytoplasm to the nucleus when activated by
binding of its ligand 1la,25-dihydroxyvitamin D3 (1,
25(0OH),D3) [104]. Several studies have documented that
the onset of osteoporosis is caused by VDR gene polymor-
phisms [81]. VDR gene polymorphisms are also associated
with other diseases like breast cancer [105], diabetes [106],
myocardial infarction [107], and metabolic syndrome and
inflammation [108].

Meta-analysis is a well-established statistical tool used for
combining the data of small sample-sized individual studies.
Meta-analysis increases the power of the study and decreases
type I and II errors. During the past two decades, a number
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Table 4 Summary estimates for the odds ratio (OR) of Tagl in various allele/genotype contrasts, the significance level (p value) of
heterogeneity test (Q test), and the I metric

Gene Genetic Contrast Fixed effect OR (95%  Random effect OR (95% Heterogeneity p value (Q & Publication bias (p of
anynp ayp test) (%)  Egger’s test)
Overall (26) Allele contrast (t vs.  1.08 (0.99-1.17),006  1.10 (0.91-1.32), 0.30 < 0.001 7726 067
)
Dominant (tt + Tt 1.05 (0.93-1.18), 0.38 1.09 (0.84-141), 048 < 0.001 7522 047
vs. TT)
Homozygote (tt vs. 1.18 (0.99-1.39), 0.05 1.20 (0.85-1.69), 0.29 < 0.001 70.17 0.76
m
Co-dominant (Tt vs.  1.01 (0.89-1.15), 0.84 1.04 (0.82-1.33), 0.70 < 0.001 68.06 0.51
m
Recessive (TT + Tt 1.19 (1.02-1.38),002  1.16 (0.91-148), 0.20 < 0.001 5295 087
vs. tt)
Asian (6) Allele contrast (t vs. 094 (0.79-1.12),049  0.99 (0.67-1.47), 0.99 0.003 7215 065
)
Dominant (tt + Tt 0.84 (0.66-1.07), 0.17 0.92 (0.54-1.56), 0.76 0.005 7038 061
vs. TT)
Homozygote (tt vs. 1.00 (0.69-1.43), 0.99 1.08 (0.52-2.23), 0.82 0.03 5857 0.70
Co-dominant (Tt vs.  0.80 (0.61-1.03), 0.09 0.86 (0.52-1.41), 0.55 0.025 61.12 0.66
m
Recessive (TT + Tt 1.09 (0.79-152),058  1.11 (0.72-1.72), 0.62 0.23 2609 073
Vs, tt)
Caucasian Allele contrast (t vs. 124 (1.11-1.38), < 1.22 (0.99-1.50), 0.05 < 0.001 7132 069
17) 1)l 0.001
Dominant (tt + Tt 1.31 (1.12-1.53), < 1.28 (0.95-1.74), 0.09 < 0.001 69.87 0.69
vs. TT) 0.001
Homozygote (tt vs. 146 (1.18-1.82), < 1.40 (0.94-2.09), 0.09 < 0.001 66.06 0.67
0.001
Co-dominant (Tt vs.  1.24 (1.05-1.47), 0.009 1.22 (0.91-1.64), 0.16 < 0.001 63.75 067
m
Recessive (TT + Tt 135 (1.11-1.63), 0.002 1.28 (0.96-1.71), 0.08 0.01 50.07 048
Vs, tt)
Other (3) Allele contrast (t vs.  0.76 (0.62-0.94), 0.01 0.74 (0.39-1.39), 0.35 < 0.001 88.27 081
T
Dominant (tt + Tt 069 (0.52-0.92), 0.01 065 (0.31-1.36), 0.44 < 0.001 7134 065
vs. TT)
Homozygote (tt vs.  0.66 (043-1.00), 0.05  0.63 (0.17-2.26), 048 < 0.001 8646 084
m
Co-dominant (Tt vs.  0.70 (0.52-0.95), 0.02 0.67 (038-1.19), 0.17 0.034 7035 062
m
Recessive (TT + Tt 0.77 (0.52-1.15), 0.05 0.76 (0.29-1.99), 0.58 0.009 7857 0.89

vs. tt)

of meta-analyses were published which assessed the poly-
morphism of small effect genes as risk factor for different dis-
eases and disorders, e.g., Down syndrome [16], neural tube
defects [109], Glucose 6-phosphate dehydrogenase deficiency
[110], depression [111], schizophrenia [112], Alzheimer
[113], breast cancer [114], colorectal cancer [115], esophageal
cancer [116], and prostate cancer [117].

During literature search, we identified seven meta-
analyses [15, 118-123] investigating the relationship be-
tween VDR gene polymorphisms and osteoporosis.

Bsml, Apal, Fokl, and Tagl polymorphisms were in-
cluded in seven, four, two, and two meta-analyses re-
spectively. Bsml polymorphism studies were included in
all seven meta-analyses. In six meta-analyses, no signifi-
cant association was found between osteoporosis suscep-
tibility and Bsml polymorphism [15, 118-122]. Zhang
et al [123] conducted a meta-analysis of the risk of
osteoporosis in postmenopausal women with 36 studies
including 7192 subjects and found a marginally signifi-
cant association (ORp,sp = 1.2; CI = 1.00-146; p =
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0.052). In all the meta-analyses, a low between study het-
erogeneity was found in all the studies except the study
conducted by Yu et al [120]. Apal polymorphism was in-
cluded in four meta-analyses [118, 120, 122, 123]. Zint-
zaras et al [118], Yu et al [120], Wang et al [122], and
Zhang et al [123] included seven, six, three, and eighteen
studies, respectively, in their meta-analyses, and all four
studies reported no association between Apal poly-
morphism and osteoporosis risk. Zintzaras et al [118]
and Zhang et al [123] conducted meta-analyses of three
and 18 studies of FokI polymorphism, and no significant
association was found between FokI polymorphism and
osteoporosis. Both groups [118, 123] also conducted
meta-analyses of Tagl polymorphism studies and again
reported no association between Tagl polymorphism
and osteoporosis susceptibility.

In the present meta-analysis, four common VDR gene
polymorphisms (Bsml, Apal, Fokl, and Taql) were in-
cluded. A total of 65 (14929 samples), 31 (7697 samples),

18 (3617 samples), and 26 (5353 samples) studies for
Bsml, Apal, Fokl, and Tagl polymorphisms, respectively,
were included. We found a significant association in the
dominant model of Fokl polymorphism (ff + Ff vs. FF OR
= 119, 95% CI = 1.04-136, p = 0.01) with low
heterogeneity (P = 39.36). No association was found in
sub-group analysis on the basis of ethnicity in any genetic
model except in the Caucasian population in the recessive
model of Tagql polymorphism (TT + Tt vs. tt OR = 1.35,
95% CI = 1.11-1.63, p = 0.002) with moderate heterogen-
eity (7 = 50.07). The frequency of different VDR gene
polymorphisms varies in different ethnic/regional popula-
tions. Due to this, the effect of these polymorphisms might
vary from population to population.

The present meta-analysis has few demerits like (i)
used crude odds ratio, (ii) only genetic polymorphisms
considered, and other factors such as environmental fac-
tors or food habits that are not included which might
have important roles in the etiology of osteoporosis.
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With these limitations, the present study has some
strength like (i) this is the largest meta-analysis con-
ducted both in number of included studies and number
of sample size (81 studies; 19268 samples) and (ii) in-
cluded all common VDR polymorphisms (Bsml, Apal,
Fokl, and Tagql).

Conclusion

In conclusion, we found that the dominant model of
FokI polymorphism is associated with osteoporosis, and
also the recessive model of Tagl polymorphism is a risk
factor for the osteoporosis in the Caucasian population.
The other polymorphisms (Bsml and Apal) have no role
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in the osteoporosis in total or in the stratified popula-
tions. In addition, it has been suggested that different
gene-gene and gene-environment interactions should
also be considered in future case-control studies, which
could clarify the genetics of osteoporosis.
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