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ABSTRACT

Objectives: Vitamin D has been shown to hamper the growth of Mycobacterium tuberculosis in macrophages.
The actions of vitamin D are exerted through a vitamin D receptor (VDR). The genetic variant Taql of VDR has
been implicated in tuberculosis (TB) risk in several case-control studies. However, these studies have shown
inconsistent results. Hence, a meta-analysis was conducted to investigate the potential relationship between VDR
Taql polymorphism and risk of developing TB. Materials and Methods: We performed a quantitative synthesis for
published studies based upon the relationship between Taql polymorphism and TB risk from PubMed (Medline)
and Embase databases. The meta-analysis was performed and pooled odds ratios (ORs) and 95% confidence
intervals (ClIs) were estimated for all genetic models. Results: A total of 21 studies including 2,960 TB cases
and 3,894 controls were included in this study. The pooled analysis demonstrated no evidence of association
between VDR Taql genotypes and risk of TB in any of the genetic models; variant (t vs T: P= 0.618; OR = 1.051,
95% Cl = 0.864-1.278), homozygous (tt vs TT: P = 0.120; OR = 1.336, 95% Cl = 0.927-1.924), heterozygous
(Ttvs TT: P = 0.925; OR = 0.988, 95% Cl = 0.774-1.262), dominant model (tt + Tt vs TT: P = 0.805; OR = 1.032,
95% Cl = 0.805-1.322), and recessive model (tt vs TT + Tt: P = 0.180; OR = 1.229, 95% Cl = 0.909-1.660).
No publication bias was detected during the analysis. Conclusions: Overall findings of this meta-analysis suggest
that genetic polymorphism Taql of VDR gene may not contribute to the risk of TB. However, future larger studies
with group of populations are warranted to analyze this relationship.
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INTRODUCTION mainly caused by Mycobacterium tuberculosis (M. tuberculosis),

an intracellular pathogen that dwells within macrophages,
Tuberculosis (TB) is one of the leading chronic infectious  leading cause of death worldwide annually."! About one-third
disease worldwide and cause greatharm tohuman beings. TBis ~ of the world’s population is thought to be infected with

M. tuberculosis, but only small fraction (5-15%) of population
U B develops an active TB disease during their lifetime.?! Earlier

Quick Response Code: Website: studies have been shown that susceptibility to TB at different
www.toxicologyinternational.com rates indicate that host genetic risk factors play an important
role in the susceptibility to TB.B! Therefore, it is predicted
DOI: that the identification of host genetic factors for susceptibility
10.4103/0971-6580.139791 to TB would greatly assist the global control and therapeutic
strategies of this infectious disease.
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Vitamin D is an immune-regulatory hormone, exerts its
actions by vitamin D receptor (VDR), commonly involve
in macrophages activation and kill the bacteria inside the
macrophages cells.*5I The human VDR is a nuclear receptor
gene of 75 kb size (located on 12q12-14) and consists of
11 exons and 11 introns.!® VDR gene polymorphisms are
occurred in several restriction enzyme sites, among them
Taql (rs731236) polymorphism located in exon 9 is the
well-known polymorphism of VDR gene.l”! Previously it
has been reported that mutant t/t genotype of Taql occurred
more frequently in TB patients and has been shown to affect
transcription and diminished VDR functions.®!

Having known the functional significance of this genetic
variant and extensive role of VDR gene and its immune
response against TB provided indication of vitamin
D-related gene-environment interactions in the host
response to TB.[”) Mutations in the VDR gene that
impair VDR functions are associated with frequent and
severe episodes of infection. Several epidemiological
studies have been done in recent past in various ethnic
populations to investigate the relationship between
Taql polymorphism and TB risk,'*3% but, they yielded
inconsistent and conflicting results. Inconsistency in the
results of those studies was mainly attributed to ethnicity
of the population, sample size, and individual studies that
have low power to examine the overall effect. The answer
of these limitations is a meta-analysis, which is a powerful
method for investigating the risk factors associated with

Relevant studies identified by PUBMED,
EMBASE web search

(N=85)

Studies excluded after reviewing title and

in English literature)
(N=62)

abstract (not case control study with desired
polymorphism, comment , review articles, not

Studies screened for meta-analysis

(N=23)

genetic diseases. It employs quantitative method to pool
the data from individual studies where individual sample
sizes are small and bears low statistical power, and delivers
reliable and appropriate conclusion.?¥! In the present
study, a meta-analysis has been performed to evaluate the
association of Taql variant of VDR gene with the risk of
human TB.

MATERIALS AND METHODS

Literature search strategy

We performed a PubMed (Medline) and Embase web
databases search covering all research articles published
with a combination of the following key words: “VDR,
Vitamin D receptor gene (polymorphism OR mutation
OR variant) AND tuberculosis susceptibility or TB (last
updated on October 2013). Potentially relevant genetic
association studies were evaluated by examining their titles
and abstracts, and all published studies matching with the
eligible criteria were retrieved.

Inclusion and exclusion criteria

To minimize heterogeneity and facilitate the proper
understanding of this study, published articles included
in the current meta-analysis had to fulfill all the
following criteria: (a) Must have assessed the association
between VDR Taql polymorphism and TB risk, (b) used a

Studies excluded due to (access
levels of vitamin D in TB patients

association between the VDR Taql
polymorphism and risk of TB
(N=20)

Studies included in the meta-analysis with

and not given genotype frequency in
both subjects)
N=3)

Figure 1: Flow chart of selection of studies. VDR = Vitamin D receptor, TB = tuberculosis

141

Toxicology International May-Aug 2014 / Vol-21 / Issue-2



Areeshi, et al.: A meta-analysis of VDR Taqgl variant and TB risk

case-control design of the study, (c) recruited pathologically
confirmed TB patients and TB free controls, (d) have available
genotype frequency in case and control, () published in the
English language. Also, when the case-control design study
was included by more than one research article using the
same case series, we selected the research study that included
the largest number of individuals. The major reasons for
study exclusion were: Data overlapping, review articles,
case-only studies, and genotype frequencies or number not
reported. The flow chart of the study selection procedure
showing the inclusion and exclusion criteria have been
appended as Figure 1.

Data extraction and quality assessment

For each retrieved article, the methodological quality
assessment and data extraction were independently
abstracted in duplicate by two independent investigators
following a standard protocol. Data-collection sheet
was used to ensure the accuracy of the collected data by
stringently following the inclusion-exclusion criteria as
mentioned above. The major characteristics abstracted
from the retrieved studies were, the name of first author,
year of publication, the country of origin, the number
of cases and controls, source of cases and controls,
study design, and genotype frequencies. Cases related
with disagreement on any item of the collected data
from the selected studies were thoroughly debated with
investigators to reach a final consensus.

Statistical analysis

In order to evaluate the relationship between VDR Taql
polymorphism and TB risk, pooled odds ratios (ORs) and
their corresponding 95% confidence intervals (Cls) were
calculated. Heterogeneity assumption was inspected by the
Chi-square-based Q-test.!*¥ Heterogeneity was considered
significant at P < 0.05. In case of non-heterogeneity, the
data obtained from single comparison was combined using
the fixed effects model.[3* Otherwise, the random effects
model®! was used for pooling of the data. Moreover,
I? statistics was used to quantify inter-study variability
and larger values suggested an increasing degree of
heterogeneity.**) Hardy-Weinberg equilibrium (HWE)
in the controls was calculated by Chi-square test. Funnel
plot asymmetry was estimated by Egger’s linear regression
test. Egger’s regression is a type of linear regression
approach to measure the funnel plot asymmetry on the
natural logarithm scale of the OR. The significance of
the intercept was determined by the #-test (statistically
significant publication bias was considered at P < 0.05).*7]
A comparative assessment of ‘meta-analysis’ software
programs was done by using uniform resource locator
address http://www.meta-analysis.com/pages/comparisons.
html. The Comprehensive Meta-Analysis (CMA) V2
program (Biostat, USA) was utilized to carry out this
meta-analysis.
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RESULTS

Characteristics of the published studies

Following the inclusion and exclusion criteria of the study
selection, a total of 21 research articles were finally retrieved
through literature search from the PubMed (Medline) and
Embase online web databases. All selected articles were
examined carefully by reading the titles and abstracts, and
the full texts for the potentially relevant published articles
were further checked for their aptness for this meta-analysis.
Publications either considering VDR variants as an indicator
for response to therapy or showing VDR polymorphism to
predict survival in TB patients were excluded straightaway
from this study. Also, studies showing the investigations of
levels of VDR mRNA or protein expression or pertinent
review articles were also excluded from this meta-analysis.
Only case-control or cohort design studies having frequency
of all three genotypes were incorporated in this study.
Besides the online web database search, the references listed
in the selected articles were also checked for other potential
studies [ Table 1]. Distributions of genotypes and minor allele
frequencies (MAFs) of controls and cases for the selected
studies have been shown in Table 2.

Publication bias

Begg’s funnel plot and Egger’s test were performed to review
the publication bias among the selected studies for the
meta-analysis. The appearance of the shape of funnel plots
was seemed to be symmetrical in all genetic models. The
Egger’s test was done to provide the statistical confirmation
of funnel plot. The outcomes of above tests resulted into lack
of publication bias among all comparison models [Table 3].

Test of heterogeneity

In order to test heterogeneity among all selected studies, Q-test
and I? statistics were utilized. Heterogeneity was noted in all
the models, that is, allele (t vs T), homozygous (tt vs TT),
heterozygous (Tt vs. TT), dominant (tt + Tt vs TT), and
recessive (tt vs TT + Tt) genotype models, which were
included for this meta-analysis. Therefore, the random
effects model was applied to synthesize the data [Table 3].

Taql polymorphism of VDR gene and TB
susceptibility

We pooled all 21 studies together and it resulted into
2,960 confirmed TB cases and 3,894 controls for
assessment of overall association between the VDR
Taql polymorphism and risk of TB. The pooled results
suggested that individuals who carry variant allele
(tvs T: P=0.618; OR = 1.051,95% CI = 0.864-1.278),
homozygous (tt vs TT: P = 0.120; OR = 1.336,
95% CI = 0.927-1.924), heterozygous (Tt vs TT:
P = 0.925; OR = 0.988, 95% CI = 0.774-1.262)
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Authors Year Country of origin Study design Genotyping method Cases Controls Source of genotyping
Wu et al. 2013 China HB PCR-RFLP 213 211 Blood
Singh et al. 2011 India HB PCR-RFLP 101 225 Blood
Kang et al. 2011 Korea HB PCR-RFLP 149 94 Blood
Sharma et al. 2011 India HB, PB PCR-RFLP 75 317 Blood
Ates et al. 2011 Turkey HB PCR-RFLP 128 80 Blood
Banoei et al. 2010 Iran HB PCR-RFLP 60 62 Blood
Alagarasu et al. 2009 India HB PCR-RFLP 112 146 Blood
Selvaraj et al. 2009 India HB PCR-RFLP 65 60 Blood
Vidyarani et al. 2009 India HB PCR-RFLP 40 49 Blood
Selvaraj et al. 2008 India HB PCR-RFLP 51 60 Blood
Olesen et al. 2007 West Africa HB TagMan 320 345 Blood
Babb et al. 2007 South Africa HB PCR-RFLP 249 352 Blood
Lombard et al. 2006 South Africa HB PCR-RFLP 104 117 Blood
Liuetal. 2004 China HB PCR-RFLP 120 240 Blood
Bornman et al. 2004 West Africa PB PCR-RFLP 106 634 Blood
Roth et al. 2004 Peru HB PCR-RFLP 100 100 Blood
Selvaraj et al. 2004 India HB PCR-RFLP 46 64 Blood
Selvaraj et al. 2004 India HB PCR-RFLP 64 102 Blood
Delgado et al. 2002 Cambodia HB PCR-RFLP 358 106 Blood
Wilkinson et al. 2000 Indian USA PB PCR-RFLP 91 116 Blood
Bellamy et al. 1999 Gambia HB PCR-RFLP 408 414 Blood

HB = Hospital based, PB = Populaton based, PCR = Polymerase chain reacton, RFLP = Restricton fragment length polymorphism, TagMan = Real tme PCR probe chemistry

may not have an increased/decreased TB risk compared
with the homozygote TT carriers [Figure 2]. Likewise,
dominant (tt + Tt vs. TT: P = 0.805; OR = 1.032,

Authors and Control Case

year (reference no.) e P P ome RO 95% CI = 0.805 to 1.322) and recessive (tt vs.
allele allele  IT + Tt: P = 0.180; OR = 1.229, 95% CI = 0.909-

TT Tt t MAF TT Tt tt MAF 1.660) models also failed to show any association with

WU et al., 20135 183 23 5 007 191 19 3 005 the risk for TB occurrence [Figure 3].

Singh et al., 201104 132 60 33 028 61 30 10 0.24

Kang et al., 201102 85 88 1 025 134 14 1 0.05

Sharma et al., 201113 190 114 13 022 39 25 11 0.31 DISCUSSION

Ates et al., 201104 30 39 11 038 49 65 14 036

Banoeietal, 201089 33 24 5 027 8 33 19 059 Vitamin D acts by triggering a chain of events via binding
Mlagarasu et al,, 200981 70 62 14 030 41 50 21 041 to the VDR that can influence cellular differentiation,
Selvargjetal, 20094 27 21 12 037 24 33 8 037 inflammation, the immune and endocrine systems, insulin
Vidyarani et al, 20094 27 18 4 026 15 18 7 040 resistance, and lipid metabolism.*®! The VDR affects
Selvarajetal,2008% 34 22 4 025 18 23 10 042 both innate and adaptive immunity, and especially innate
Olesenetal, 2007 161 150 34 031 150 145 25 030  immunity genes play significant role in the modulation

Babb et al. 2007124 190 140 22 026 136 94 19 026 of host susceptibility towards TB infection because the
Lombard etal., 200622 67 48 2 022 62 36 6 023 first line defense against M. tuberculosis involves the
Liu et al., 20041231 203 32 5 008 105 12 3 007 identification and uptake of the bacterium by macrophages
Bornman et al.,, 200424 331 253 50 027 57 37 12 0.28 and dendritic cells.[®! Previous studies in mouse models
Roth et al., 20047 7 3 57 075 9 32 59 075 reported that vitamin D-deficient mice were more prone
Selvaraj et al., 20049 27 27 10 036 13 23 10 046 for increased sensitivity towards autoimmune diseases.*"!

Selvaraj et al., 2004°?7 40 48 14 037 27 28 9 035 The significance of polymorphic variant genotypes of VDR
Delgado etal.,2002?® 96 10 0 004 325 30 3 005 gene has been emphasized on the resistance or susceptibility
Wilkinson et al., 200021 45 58 13 036 39 46 6 031 to various infectious diseases including TB.*!! Earlier
Bellamy et al., 19998 188 177 49 033 204 177 27 0.28 reports demonstrated that susceptibility to TB and risk of
MAF = Minor allele frequency, TB = Tuberculosis,  and ® refers two diferent progression from infection to the disease tends to occur
publicatons by the same author (s) in the same year more often in patients with low vitamin D levels.[#>#3]
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Comparisons Egger’s regression analysis Heterogeneity analysis Model used for
Intercept 95% confidence interval P value Q value —— 12 (%) meta-analysis
tvsT 1.20 -1.80t0 4.21 0.41 97.65 <0.0001 79.519 Random
tvsTT 1.67 -0.26 to 3.62 0.08 57.39 <0.0001 65.15 Random
Ttvs TT 0.76 -1.77t03.31 0.53 77.282 <0.0001 74.14 Random
T+Ttvs TT 1.25 -1.48103.98 0.35 90.14 <0.0001 77.81 Random
TVsTT+TL 141 -0.31t03.15 0.103 46.03 0.001 56.55 Random
€t va. T
Study name Statntl for oach study Oddn ratio and 95% 1t
Ocddn Lower Upper Rolative
ratio timit limit Z-Value p-Value welght
Wu et al. 2013 0.7365 0.429 1.259 -1.122 o.262 — a.56
Singh et al. 2011 0.846 O0.578 1.237 -0.863 o.388 5.az
Kang ot al. 2011 0.1632 0.093 0.284 -6.380 ©0.000 —— - 4.46
Sharma et al. 2011 1.610 1.087 2.385 2.377 0.017 —_- 5.35
Ates ot al. 2011 0.926 O0.616 1.393 -0.369 o.712 5.27
Bancei ot al. 2010 3836 2242 6.561 4.908 ©.000 —-—— a.57
Alagarasu et al. 2009 1.564 1.087 2.251 2.409 0.016 —-— 5.50
Selvaraj et al. 2009 1.008 0.604 1.683 0.031 0.975 a.70
Vidyarani et al. 2009 1.846 0.980 3.478 1.897 o.058 — a.07
Selvaraj et al. 2008 2.186 1.236 3.867 2.689 0.007 —_— - .39
Olesen et al. 2007 0.949 0.752 1.197 -0.443 o.658 6.14
Babb et al. 2007 019 0.785 1.323 0.143 o.a86 6.01
Lombard et al. 2006 1.050 O0.672 1.640 o.z214 0.830 5.06
Liu et al. 2004 Ba46 0476 1.503 -0.572 o.668 .36
Bornman et al. 2004 1.047 O.759 1.444 o.281 0.779 5. 72
Roth et al. 2004 1.000 O0.636 1.572 ©.000 1.000 5.02
Selvaraj ot al. 2004a 1.512 0.877 2.608 1.a88 0.137 — a.52
Selvaraj et al. 2004b 0.945 0.597 1.496 -0.242 0.809 4.99
Delgado et al. 2002 1.069 O.622 2.193 o.183 o.855 3.66
Bellamy ot al. 1999 0.794 0.6a4a 0.980 -2.152 0.031 G .23
Combined 1.065 0O.868 1.306 0.602 0.547
0.1 o.2 o.5 Bl 2 3 10
tt v, TT
Smtucly namo 1 for eanch teact clctim raatico anct 95 L]
Oddes Lower Uppeor Reolative
ratio Hmit Himit Z-Value p-Value welght
Wu et al. 2013 0.575 0.135 2.440 -0.751 o.a5s3 a3.80
Singh et al. 2011 0.656 0.304 1.416 -1.074 o.283 o &.37
Kang ot al. 2011 0.634 ©0.039 10.277 -0.320 0. 749 1.5
Sharma ot al. 2011 4.122 1.721  9.876 3.177 ©.001 -— 5.91
Atos ot al. 2011 0.779 O.313 1.938 -0.537 O.592 — 5.7
Banocel et al. 2010 15675 4483 s54.811 4.309 ©.000 a.az
Alagarasu et al. 2009 2.561 1176 S.578 2. 368 oc.o18 - .33
Selvaraj et al. 2009 0. 750 O0.262 2.143 -0.537 o.591 s.18
Vidyarani ot al. 2009 3,150 O.792 12.535 1628 ©.103 4.00
Selvaraj ot al. 2008 a.7zz 1.296 17.200 = 354 ©.019 a.z8s
Olosoen ot al. 2007 o. 789 0.450 1.385 ~O.B25 ©.409 e B p— 7.27
Babb ot al. 2007 1.207 O.629 2.316 o.564 o.5732 —-_ &.89
Lombard et al. 2006 3.242 O0.631 16.665 1.408 O.159 a.2s
Liu et al. 2004 1.160 O0.272 4.948 .20 o.sa1 3.79
Bornman ot al. 2004 1.394 0.699 2778 o0.9a43 o.34a6 — - 6. 72
RRoth ot al. 2004 0.805 O.Z81  2.307 -0.404a o.6B6 - s.17
Selvaraj ot al. 2004a 2.077 O0.G93 G.228 1.304 o.192 a4.99
Selvaraj ot al. 2004b 0.952 O0.3G1 2.511 -0.099 o.921 5.5
Delgado et al. 2002 2.0765 0.106 40.527 oO.a81 0.630 1.36
Bellamy ot al. 1999 ©0.508 0.305 0.846 -2.605 ©.009 7. a9
Combined 1.401 0.6 2,040 1.759 0.079D | e——
0.1 o.2 o.5 Ll 2 = 10
Teva. TT
Study name Statistics for each study Rsicie ratio and 95% oI
Odds Lower Upper Roelative
ratio nmit limit Z-Value p-Valuo welght
VWu et al. 2013 0.791 0417 1.502 -0.716 O.a7a 1 5.00
Singh et al. 2011 1.082 O0.635 1.844 0.290 0.772 5.54
Kang ot al. 2011 ©.101 0.054 0.189 -7.180 ©.000 5.08
Sharma et al. 2011 1.068 0.614 1.858 0.234 o.815 5.4aa
Ates ot al. 2011 1.020 0.558 1.866 0.066 0.948 5.19
Banocei et al. 2010 5.672 2.228 14.438 3.640 ©.000 — - 3.70
Alagarasu et al. 2009 1.377 0.806 2.353 1.169 o.2a2 el 5,52
Selvara) et al. 2009 1.768 0.814 3.840 1.440 0.150 — a.37
Vidyarani et al. 2009 1.800 O0.726 4.465 1.268 0.205 — 3.80
Selvaraj et al. 2008 1.975 0.872 4472 1.632 ©.103 a.18
Olesen et al. 2007 1.038 O.754 1.427 0.227 o.s821 & .54
Babb et al. 2007 0.938 0.667 1.320 -0.367 O.714 G.aa
Lombard ot al. 2006 0.810 0.466 1.409 -0.744 0.a57 E 5.4a4
Liu et al. 2004 0.725 0.359 1.466 -0.895 o.a71 4.70
Bornman et al. 2004 0.849 o.544 1.325 -0.720 o.a72 —q— 5.97
Roth et al. 2004 0.691 0.231 2.070 -0.660 0.509 3.12
Selvaraj et al. 2004a 1.769 0.745 4.199 1.294 0.196 3.98
Selvaraj et al. 2004b 0.864 0.440 1.697 -0.424 o672 a.8a
Delgado et al. 2002 0.886 0.418 1.878 -0.3185 0. 752 a.as
Bellamy et al. 1999 0.922 0.691 1.229 -0.557 o.s78 667
Combined 0.994 0.769 1.284 -0.047 0.962
0.1 0.2 0.5 1 2 5 10
e S ecressed Incressed

Figure 2: Forest plot and ORs with 95% CI of Taq| variant of VDR gene and TB risk (t vs T; Tt vs TT; tt vs TT). OR = Odds ratio, Cl = Confidence
interval. The squares and horizontal lines correspond to the study-specific OR and 95% CI

An increasing number of epidemiological studies
investigated the association of the VDR TaqI polymorphism
with TB risk and published inconclusive and contradictory
results, because they were underpowered and impossible
to reach any conclusion by examining the alleles separately.
Hence, in order to conclude more precisely, we performed
this meta-analysis to appraise whether an association
exists between the VDR Taql polymorphism and risk of
developing TB. Pool ORs generated from large sample
size and population can enhance the statistical power and
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pooling data from various studies has the advantage of less
random errors.[*#!

The pooled results of this meta-analysis revealed that VDR
Taql genetic polymorphism is not significantly associated
with the risk of TB. Individuals carried the mutant allele t
of Tagl polymorphism of VDR gene did not have risk of
developing TB. One possible explanation is that several
other single nucleotide polymorphisms (SNPs) have been
reported in 3’-untranslated region (UTR) of the VDR gene
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tt+Ttvs. TT
Study name Statistics for each study
Odds Lower Upper

ratio limit limit Z-Value p-Value
Wu et al. 2013 0.763 0.416 1.364 -0.937 0.349
Singh et al. 2011 0.931 0.577 1.503 -0.294 0.769
Kang et al. 2011 0.107 0.058 0.197 -7.174 0.000
Sharma et al. 2011 1.381 0.833 2.290 1.2561 0.211
Ates et al. 2011 0.967 0.544 1.721 -0.113 0.910
Banoei et al. 2010 7.397 3.019 18.121 4.377 0.000
Alagarasu et al. 2009 1.595 0.964 2.638 1.818 0.069
Selvaraj et al. 2009 1.398 0.683 2.860 0.917 0.359
Vidyarani et al. 2009 2.045 0.872 4.797 1.645 0.100
Selvaraj et al. 2008 2.397 1492 SA70 2.230 0.026
Olesen et al. 2007 0.992 0.731 1.345 -0.054 0.957
Babb et al. 2007 0.974 0.704 1.350 -0.155 0.876
Lombard et al. 2006 0.908 0.531 1.652 -0.354 0.724
Liu et al. 2004 0.784 0.411 1.493 -0.741 0.459
Bornman et al. 2004 0.939 0.622 1.418 -0.299 0.765
Roth et al. 2004 0.761 0.272 2.130 0.020 0.603
Selvaraj et al. 2004a 1.852 0.823 4.169 1.490 0.136
Selvaraj et al. 2004b 0.884 0.468 1.669 -0.380 0.704
Delgado et al. 2002 0.975 0.464 2.050 -0.067 0.946
Bellamy et al. 1999 0.832 0.632 1.094 -1.317 0.188
Combined 1.044 0.805 1.354 0.325 0.745
ttvs. TT+Tt
Study name Statistics for each study

Odds Lower Upper

ratio Himit limit Z-Value p-Value
Wu et al. 2013 0.589 0.139 2.495 -0.719 0.472
Singh et al. 2011 0.639 0.302 1.354 -1.169 0.243
Kang et al. 2011 1.169 0.072 18.851 0.110 0.912
Sharma et al. 2011 4.019 1.723 9.375 3.219 0.001
Ates et al. 2011 0.770 0.331 1.792 -0.606 0.545
Banoei et al. 2010 5.283 1.823 15.306 3.067 0.002
Alagarasu et al. 2009 2.176 1.052 4.502 2.096 0.036
Selvaraj et al. 2009 0.561 Q2N e 1.486 -1.162 0.245
Vidyarani et al. 2009 2.386 0.645 8.827 1.303 0.192
Selvaraj et al. 2008 3.415 1.001 11.653 1.961 0.050
Olesen et al. 2007 0.775 0.452 1.331 -0.924 0.356
Babb et al. 2007 1.239 0.656 2.342 0.660 0.509
Lombard et al. 2006 3.520 0.695 17.839 1.520 0.129
Liu et al. 2004 1.205 0.283 5.130 0.252 0.801
Bornman et al. 2004 1.491 0.766 2.904 1.178 0.240
Roth et al. 2004 1.086 0.619 1.904 0.287 0.774
Selvaraj et al. 2004a 1.500 0.567 3.968 0.817 0.414
Selvaraj et al. 2004b 1.029 0.417 2.537 0.061 0.9561
Delgado et al. 2002 2.097 0.107 40.920 0.489 0.625
Bellamy et al. 1999 0.528 0.323 0.863 -2.549 0.011
Combined 1.277 0.938 1.739 1.551 0.121

Odds ratio and 95% CI
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Figure 3: Forest plot and ORs with 95% CI of Taq| variant of VDR gene and TB risk (it + Tt vs TT; tt vs TT + Tt). The squares and horizontal

lines correspond to the study-specific OR and 95% CI

and previous studies proved that these SNDs are associated
with the risk of TB. It is possible that the analyzed variant
does not act as primary susceptibility polymorphism
and may be inhibiting VDR functions by linking with
other functional polymorphism alleles found in linkage
disequilibrium (LD). Previous meta-analyses of Gao
et al., and Lewis et al., reported no significant association
between TB risk and VDR Taql gene polymorphism.#5-4]
Similarly, Cao et al., also did not observe significant risk to
TB in association with VDR Taql polymorphism among
Chinese population.!*”! Additionally, susceptibility to TB is
polygenic in nature; multicandidate genes are likely to be
involved in the process of active disease development.*8!
Due to the multifactorial nature of TB infection and
complex design of the immune system,**! single genetic
variant is usually inadequate to predict the risk of TB.

Heterogeneity between studies is very common in the
genetic association studies related to the meta-analysis. In
the present meta-analysis we found inter-study heterogeneity
in overall analysis. Several factors are responsible for such
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heterogeneity, for example, the genetic backgrounds for
cases and controls, diverse genotype distribution of Taql in
different ethnic groups suggest that they are almost/always
subjected to natural selection.l®®) Moreover, the uneven
selection criteria for the cases and the controls in different
studies contribute for this heterogeneity.

Despite the findings from this meta-analysis, we still have
to acknowledge some limitations of our study. First, we
only included studies published in the English language,
abstracted and indexed by the selected electronic web
databases were included for data analysis; it is possible
that some pertinent studies published in other languages
and indexed in other electronic databases may have been
missed. Although, many meta-analyses have been done
considering various case-control studies analyzing this
relationship selected from various databases and concluded
accordingly. ' But, due to limited database selection, each
study misses some of the pertinent publications. The research
article available in one database is not necessarily available in
another one, so, every meta-analysis has certain limitations
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of database selection. Similarly, in this meta-analysis we
considered most reliable databases (i.c. Pubmed/Embase)
and tried to include some of the missing studies which were
not included in other studies and concluded accordingly.
However, possibilities are there that certain articles
have been missed in this study, possibly due to database
or language limitation. Second, the findings of this
meta-analysis were based on unadjusted ORs because not all
eligible studies reported adjusted ORs. Third, the impacts
of gene-environment interactions were not considered,
which may influence the risk of TB. Also, it is worthwhile
to mention several strengths of this study. First, we did not
detect publication bias, which suggests that our results were
statistically robust. Second, we included significantly more
number of cases and controls in comparison to previous
meta-analysis based studies by using effective and efficient
searching strategy. Third, strict inclusion/exclusion criteria
were followed to limit the potential bias among studies.

In conclusion, a meta-analysis is an extremely valuable
and reasonable approach of data analysis, which pools
both statistically significant and nonsignificant results
from individual studies and generates an absolute
conclusion. This meta-analysis evaluated the relationship
of Taql polymorphism of VDR gene with the risk of
TB and suggested that the Taql polymorphism of VDR
gene is not associated with susceptibility to TB. Thus,
screening application of this genetic polymorphism in
asymptomatic individuals is not warranted. However,
well-designed large-scale association studies incorporating
with consideration of environmental factors in different
populations might be needed to authenticate our current
findings and to enhance understanding of the underlying
pathophysiology, and such future research studies might
eventually lead to deliver deep insight and absolute
understanding of the possible relationship between the
VDR Tagl polymorphism and TB risk. Here, we only
analyzed the VDR Taql polymorphism in relation with
TB risk; in our future study we will try to further explore
the other interactions (as stated above) to facilitate the
understanding of the pathophysiology of TB.
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