
Journal of Microbiology, Immunology and Infection (2020) 53, 827e835
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.e- jmii .com
Review Article
Vitamin D receptor ApaI (rs7975232), BsmI
(rs1544410), Fok1 (rs2228570), and TaqI
(rs731236) gene polymorphisms and
susceptibility to pulmonary tuberculosis in
an Iranian population: A systematic review
and meta-analysis

Asadollah Mohammadi a, Hashem Khanbabaei b,
Rasoul Nasiri-Kalmarzi a,c, Farzad Khademi d,
Mohammad Jafari e,f,*, Nader Tajik f,g,**
a Cellular and Molecular Research Center, Research Institute for Health Development, Kurdistan
University of Medical Sciences, Sanandaj, Iran
b Medical Physics Department, Faculty of Medicine, Ahvaz Jundishapur University of Medical Sciences,
Ahvaz, Iran
c Lung Diseases and Allergy Research Center, Kurdistan University of Medical Sciences, Sanandaj, Iran
d Department of Microbiology, School of Medicine, Ardabil University of Medical Sciences, Ardabil, Iran
e Cellular and Molecular Research Center, Gerash University of Medical Sciences, Gerash, Iran
f Department of Immunology, Faculty of Medicine, Iran University of Medical Sciences, Tehran, Iran
g Immunology Research Center (IRC), Iran University of Medical Sciences, Tehran, Iran
Received 9 April 2019; received in revised form 3 July 2019; accepted 20 August 2019
Available online 28 September 2019
KEYWORDS
VDR gene
polymorphism;

Tuberculosis;
* Corresponding author. Cellular and
** Corresponding author. Immunology
Medicine, Iran University of Medical S

E-mail addresses: amohammadi.ka
Khanbabaei), Rasool_nsr@yahoo.com
iums.ac.ir (N. Tajik).

https://doi.org/10.1016/j.jmii.2019.0
1684-1182/Copyright ª 2019, Taiwan S
BY-NC-ND license (http://creativecom
Abstract Polymorphisms of vitamin D receptors (VDRs), ApaI, BsmI, FokI, and TaqI might
affect susceptibility to tuberculosis (TB). In this systematic review and meta-analysis, all pub-
lished articles which investigated the effects of these polymorphisms on the risk of TB in the
Iranian population were retrieved.
Molecular Research Center, Gerash University of Medical Sciences, Gerash, Iran.
Research Center (IRC), Iran University of Medical Sciences, Department of Immunology, Faculty of
ciences, Tehran, Iran.
ni@yahoo.com, Asadollah.Mohammadi@muk.ac.ir (A. Mohammadi), khanbabaei.h@ajums.ac.ir (H.
(R. Nasiri-Kalmarzi), k_farzad@yahoo.com (F. Khademi), jafari@gerums.ac.ir (M. Jafari), tajik.n@

8.011
ociety of Microbiology. Published by Elsevier Taiwan LLC. This is an open access article under the CC
mons.org/licenses/by-nc-nd/4.0/).

mailto:amohammadi.kani@yahoo.com
mailto:Asadollah.Mohammadi@muk.ac.ir
mailto:khanbabaei.h@ajums.ac.ir
mailto:Rasool_nsr@yahoo.com
mailto:k_farzad@yahoo.com
mailto:jafari@gerums.ac.ir
mailto:tajik.n@iums.ac.ir
mailto:tajik.n@iums.ac.ir
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmii.2019.08.011&domain=pdf
https://doi.org/10.1016/j.jmii.2019.08.011
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/16841182
http://www.e-jmii.com
https://doi.org/10.1016/j.jmii.2019.08.011
https://doi.org/10.1016/j.jmii.2019.08.011


828 A. Mohammadi et al.
Iranian population;
Meta-analysis
PubMed and Scopus were searched with no date or language restrictions. In this meta-
analysis, the Comprehensive Meta-Analysis (CMA) version 2.0 and random effects model were
applied. The association of polymorphisms with TB risk was assessed by measuring the odds ra-
tio (ORs) at 95% CI. Heterogeneity was investigated based on Cochran Q-test and I2-index sta-
tistics. The significance level was set at 0.05. Also, Egger’s regression intercept was
determined to measure publication bias.

A total of six articles on Iranian populations were included. TaqI (5/6 included studies)
showed a significant association with the increased risk of TB based on ORs (allele comparison:
1.57 (1.0, 2.3), p-value: 0.02; additive model of tt/TT: 1.57 (0.9, 2.5), p-value: 0.05; recessive
model (tt/Tt þ TT): 1.99 (1.2, 3.2), p-value: 0.00; dominant model (tt þ Tt/TT): 1.98 (1.1,
3.5), p-value: 0.01). BsmI showed a significant positive effect on TB risk only in its dominant
genotype (bb þ bB/BB) (1.44 (1.0, 1.9); p-value: 0.02). FokI and ApaI did not show any signif-
icant effects on TB development in Iranian populations. Findings showed the significant effect
of TaqI polymorphism in all genetic models and the dominant model of BsmI on the increased
risk of TB. However, the effects of TaqI and BsmI should be further investigated in a larger sam-
ple size.
Copyright ª 2019, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Tuberculosis (TB), which is caused by Mycobacterium
tuberculosis, is considered an important human health
problem, associated with high morbidity and mortality in
human populations worldwide.1 TB is the ninth leading
cause of mortality, accounting for 1.3 million deaths
worldwide.2,3 Its long-term latency can lead to the persis-
tence of pathogen in the host, with no significant damage
or transmission until the deterioration of host immune re-
sponses by coinfections or other factors.4 The complex
interaction of the host and pathogen leads to the progres-
sion of the disease, which is also influenced by environ-
mental factors.

Several effector proteins control the intracellular sur-
vival of the pathogen and compromising of the host im-
munity.5 Factors other than bacterial infection may be also
responsible for disease development, such as environ-
mental effects, lifestyle risk factors, and genetic suscep-
tibility of the host, which might influence the outcomes of
exposure to M. tuberculosis as an inter-individual
difference.6,7

According to recent studies, vitamin D deficiency leads
to musculoskeletal and chronic non-skeletal abnormalities,
such as muscle weakness, bone pain, fragility fractures,
diabetes, and autoimmune disorders.8,9 Evidence suggests
that 1,25-dihydroxyvitamin D3 is biologically active vitamin
D, regulating its immunological activity by its vitamin D
receptor (VDR). Human peripheral blood monocytes and
activated lymphocytes are known to express VDR. Its
immunomodulatory effects stimulate the activation of
monocytes and suppress the proliferation of lymphocytes
and the production of immunoglobulins and cytokines. This
active metabolite and its receptor are involved in pro-
tecting the human body against certain infectious agents,
such as M. tuberculosis. The higher risk of active TB might
be associated with the low serum levels of vitamin D in
comparison with healthy individuals with higher serum
vitamin D levels.10,11 Therefore, vitamin D deficiency, be-
sides VDR gene polymorphisms, can contribute to pulmo-
nary TB susceptibility.

Various host genes, such as VDR with several poly-
morphisms, might be involved in susceptibility or resistance
to pulmonary TB development. The VDR gene, located on
chromosome 12q13.11, encompasses various single nucle-
otide polymorphisms (SNPs), including ApaI (A/a), BsmI (B/
b), FokI (F/f), and TaqI (T/t)12(Fig. 1). These poly-
morphisms might affect the activity of VDR and subse-
quently downstream effects of vitamin D. Despite several
studies evaluating the VDR gene polymorphisms and their
effects on susceptibility to or resistance against TB in
different ethnicities or populations, the exact effect is still
unknown and inconsistent. In this systematic review, we
pooled all the existing literature that evaluate the four
common VDR gene polymorphisms, including ApaI, BsmI,
FokI, and TaqI and susceptibility to or resistance against TB
infection in Iranian populations using meta-analysis.
Methods

Search strategy

PubMed and Scopus were searched thoroughly using two
keywords, i.e. “vitamin D” and “TB”. The list of identified
references was also evaluated and the retrieval from the
literature by two independent reviewers. Search was done
up to December 2018 with no date or language limitations;
however, only articles that studied Iranian populations with
TB were included. The title and abstract of the initial
search results were screened to omit irrelevant articles. All
case-control studies on Iranian patients, which explained
the diagnosis of TB and included both case and control in-
dividuals with adequate data for measuring the odds ratio
(OR), were included in this study. After reviewing the full-
text of the remaining articles, the most relevant articles to

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Fig. 1. Genomic region and exon-intron structure of the vitamin D receptor (VDR) gene. The VDR gene is placed on human
chromosome 12q13.11, contains nine exons and encompasses various single nucleotide polymorphisms (SNPs) including ApaI (A/a),
BsmI (B/b), FokI (F/f), and TaqI (T/t).

Pulmonary Tuberculosis in an Iranian population 829
the aim of our study were included. For articles with
overlapping data, the most recent article or the article with
the largest sample size was selected. The selection scheme
is based on the PRISMA flowchart presented in Fig. 2 and is
explained in the following section.

Data collection

The required information was collected from the articles:
first author, publication year, evaluated polymorphisms,
mean age of subjects, population ethnicity, ratio of male to
Records identified through database 
searching  
(n = 350)

Records excluded  
(n =320)

Full-text articles excluded, with reasons  
(n = 24)

Full-text articles assessed for eligibility  
(n = 30)

Studies included in qualitative 
synthesis  
(n = 6)

Studies included in quantitative 
synthesis (meta-analysis) 

(n = 6)

Fig. 2. PRISMA flow chart of included articles.
female, the source of recruiting healthy controls, and ge-
notype distribution in the groups. For each article, data
regarding allele frequency and four different genetic
models of each VDR polymorphism were estimated. The
evaluated genetic models were as follows: I) allele contrast
model (a vs. A); II) recessive model, aa vs. (Aa þ AA); III)
dominant model (aa þ Aa) vs. AA; and IV), homozygote
contrast (additive) model (aa vs. AA).

Data analysis

Using the HardyeWeinberg equilibrium (HWE) method,
polymorphisms were evaluated among the controls. The
association between the polymorphisms and increase or
decrease of TB risk was compared between the cases and
controls by measuring the odds ratio (ORs) at 95% confi-
dence intervals (CIs). In this study, for pooling data,
Comprehensive Meta-Analysis (CMA v. 2.0) and the random
effects model, based on the Dersimonian and Laird method,
were applied. Cochran’s Q-test and I2-index statistics were
measured to determine heterogeneity, and the level of
significance was set at 0.05. Also, Egger’s regression
method was used to determine publication bias.

Results

Sample selection

The initial search of PubMed and Scopus resulted in 350
articles, which were related to VDR and TB. In total, all
related articles on Iranian TB cases were extracted
following the review of titles and abstracts. Based on the
inclusion and exclusion criteria, only six case-control
studies from Iran, which evaluated the relationship
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between TB susceptibility and VDR polymorphisms, were
assessed in our meta-analysis.13e18 In addition, the refer-
ence lists of the included studies were reviewed to prevent
missing any relevant article; however, we did not find any
additional articles by screening the reference lists. Table 1
shows the distribution of VDR allele frequency of each VDR
variant extracted from eligible studies for the meta-
analysis.

The population distribution and characteristics of
studies (Table 2) showed the distribution of patients.
Overall, four out of six investigating groups were from
Tehran,13e16 one from Tabriz,17 and one from Zahedan.18 In
all the included studies, cases were matched with the
controls regarding age, sex, and ethnicity.13e18

In all the included studies, a lower-case letter (e.g., f, b,
a, and t) specified the restriction site, while an upper-case
letter (e.g., F, B, A, and T) indicated its absence. FokI and
BsmI polymorphisms were evaluated in all the included
studies (641 cases and 515 controls)13e18; however, TaqI
and ApaI polymorphisms were assessed in five (524 cases
and 455 controls)13e15,17,18 and three (344 cases and 262
controls) studies,14,15,17 respectively.

HWE test was performed to demonstrate the genetic
distribution of VDR polymorphisms in the control groups
(Table 2); only the study of Banoei et al. was on HWE for all
the evaluated polymorphisms.13 Studies with significant
deviation from HWE (P < 0.05) in the controls were as
follows: 3 out of 6 studies focusing on FokI,15,16,18 3 out of 6
studies on BsmI,15e17 1 out of 5 studies on TaqI,15 and 1 out
of 3 studies on ApaI.15
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Synthesis of quantitative data

Data from six included studies, comprising 641 TB cases and
515 healthy controls, were used in a random effects model
to determine the possible correlation of VDR poly-
morphisms with susceptibility to TB.13e18 Table 3 shows the
associations between four VDR polymorphisms and TB by
measuring OR and CI for each of the four genetic models
evaluated for each polymorphism.

For VDR gene FokI polymorphism, the pooled analysis of
six included studies using the random-effects model indi-
cated no significant relationship in allelic or any of the
studied genetic models with susceptibility to TB.13e18

The ApaI gene polymorphism was not significantly linked
to TB susceptibility, based on its allelic model and different
genetic models in three included studies.14,15,17

For VDR gene BsmI polymorphism, among different ge-
netic models, which were compared between the case and
control groups in six included studies, only (bb þ Bb) versus
BB comparison (the dominant model) showed a significant
relationship with the increased rate of TB, using the
random-effects model.13e18

VDR gene TaqI polymorphism was the only type of VDR
polymorphism, which showed a significant relationship with
increased susceptibility to TB in different genetic models
and allelic comparisons of five included studies.13e15,17,18

The ORs (95%CI) were as follows: allele comparison: 1.57
(1.0, 2.3) P-value 0.02; additive model of tt vs. TT: 1.57
(0.9, 2.5) P-value 0.05; recessive model of tt vs. (Tt þ TT):
1.99 (1.2, 3.2) P-value 0.00; dominant model of (tt þ Tt) vs.



Table 2 Characteristics of the included studies.

References Population Sample size (N)
Age
F/M (case/control)

Diagnosis of cases Selection of controls Comparisons HWE test
FokI, BsmI, TaqI, ApaI

Merza et al., 200916 Tehran N:117/60
Age: NA
F/M:NA

AFB, clinical symptoms
confirmed PTB

nurses, doctors, and
staffs; positive PPD test
result;
no symptoms

FokI, BsmI 0.04, 0.03,

Banoei et al., 200913 Tehran N:60/62
Age: 45.8 � 11/41 � 9
F/M: 30/30; 26/36

Confirmed in Massih
Daneshvari
Hospital

Randomly selected from
blood donor centers;
HIV(�); no history of TB

FokI, BsmI, TaqI 0.93, 0.88, 0.82

Salimi et al., 201418 Zahedan N:120/131
Age: 51.5 � 19.7/48.1 � 12.2
F/M:75/45; 93/38

Clinical symptoms, X-
ray, sputum smear-
confirmed PTB

normal healthy subjects
who underwent the
physical examination

FokI, BsmI, TaqI 0,05, 0.31, 0.31

Marashain et al., 201015 Tehran N:164/50
Age:NA
F/M:79/85; 28/22

Clinical symptoms, X-
ray, sputum smear-
confirmed PTB

healthy people who
worked in hospital

FokI, BsmI, TaqI, ApaI 0.07, 0.00, 0.02, 0.00

Rashedi et al., 201317 Tabriz N:84/90
Age:NA
F/M:34/50; 41/49

Sputum smear confirmed
PTB

healthy staff FokI, BsmI, TaqI, ApaI 0.38, 0.00, 0.99, 0.73

Jafari et al., 201614 Tehran N:96/122
Age: 51 � 31/48 � 27
F/M:40/56; 54/68

sputum smear, culture,
significant symptoms,
chest radiography

Healthy individuals, no
symptoms

FokI, BsmI, TaqI, ApaI 0,03, 0.62, 0.16, 0.53
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Table 3 Summary of odds ratios (ORs) with confidence intervals (CI ) for allele and genotype comparisons.

Comparisons Random effects model Heterogeneity Egger’s regression intercept

OR (95%CI ) P value Q- value P-value I-squared

FokI

f vs F 1.075 (0.7, 1.5) 0.7 19.8 0.00 74.7 0.86
ff vs FF 1.13 (0.6, 2.1) 0.6 7.41 0.19 32.54 0.74
ff vs (Ff þ FF) 1.18 (0.7, 1.9) 0.4 3.36 0.6 0.00 0.46
(ff þ Ff) vs FF 0.84 (0.4, 1.4) 0.5 23.39 0.00 78.6 0.44
BsmI

b vs B 1.14 (0.7, 1.6) 0.4 21.48 0.00 76.7 0.53
bb vs BB 0.93 (0.41, 2.1) 0.8 19.32 0.00 74.12 0.90
bb vs (Bb þ BB) 1.53 (0.67, 3.4) 0.3 54.65 0.00 90.85 0.33
(bb þ Bb) vs BB 1.44 (1.0, 1.9) 0.02 18.26 0.00 72.6 0.76
TaqI

t vs T 1.57 (1.0, 2.3) 0.02 18.78 0.00 72.95 0.12
tt vs TT 1.57 (0.9, 2.5) 0.05 3.09 0.54 0.00 0.23
tt vs (Tt þ TT) 1.99 (1.2, 3.2) 0.00 6.137 0.18 34.81 0.31
(tt þ Tt) vs TT 1.98 (1.1, 3.5) 0.01 12.48 0.01 67.97 0.03
ApaI

a vs A 0.95 (0.7, 1.21) 0.69 1.33 0.5 0.00 0.26
aa vs AA 0.84 (0.5, 1.3) 0.5 1.11 0.57 0.00 0.95
aa vs (Aa þ AA) 0.86 (0.5, 1.3) 0.5 0.83 0.65 0.00 0.53
(aa þ Aa) vs AA 0.98 (0.6, 1,4) 0.9 1.44 0.4 0.00 0.24
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TT: 1.98 (1.1, 3.5) P-value 0.01. The Forrest plots of allele
comparison (t vs. T) and all four genetic models of VDR TaqI
polymorphism are presented in Fig. 3. The Forrest plot of a
dominant genetic model of BsmI polymorphism with TB
susceptibility is presented in Fig. 4.

Test of heterogeneity

The Cochran Q test showed heterogeneity across all studies
and all estimated polymorphisms, which was significant for
all the evaluated polymorphisms (FokI, BsmI, and TaqI),
except for ApaI, which showed no heterogeneity in its
different genetic models. Table 3 presents the data
regarding heterogeneity.

Bias diagnosis

To determine publication bias, the regression method pro-
posed by Egger et al. was used19; the obtained results are
presented in Table 3. Egger’s regression intercept showed
no significant publication bias among studies, except for
the dominant genetic model of TaqI polymorphism,
(tt þ Tt) vs. TT, with the Egger’s regression intercept P-
value of 0.03. Therefore, it is supposed that bias from
publications did not have significant effects on the associ-
ation of all the studied VDR polymorphisms with TB
susceptibility.

Discussion

The modulatory impact of vitamin D on the innate immune
system, such as response to M. tuberculosis pathogen, re-
mains uncertain. The relation between VDR polymorphism
and TB susceptibility might be modulated by vitamin D
status of the host; low body vitamin D might increase the
risk of pulmonary TB.11 This meta-analysis is the first review
of case-control studies on Iranian populations regarding the
contribution of the most widely studied VDR polymorphisms
and their association with the development of TB.

Although various meta-analyses have been reported in
this field of research,11,20e24 no systematic review or meta-
analysis has been conducted among all studies on Iranian TB
patients. Despite various SNPs on VDR gene, only four
polymorphisms were selected as the main variants in the
included studies (FokI, BsmI, TaqI, and ApaI), considering
the limited information about other VDR polymorphisms.

Based on the six included case-control studies which
focused on VDR TaqI polymorphism, our meta-analysis
showed the significant association of TaqI variant located
near the 30-untranslated region with an increase in sus-
ceptibility to TB in its allelic comparison and all different
genetic models; however, FokI and ApaI polymorphisms
showed no significant effects on increasing or decreasing
the risk of TB. The BsmI polymorphism had a positive effect
on increasing the risk of TB only in its dominant model
(bb þ bB/BB), which was statistically significant.

According to previous meta-analyses, TaqI had no role in
TB development that is in contrast with our results, which
showed the significant role of VDR TaqI polymorphism in
increasing susceptibility to TB in an Iranian population.
They also proposed FokI polymorphism as the main VDR
variant, which results in a significant increase in TB
risk22,23,25; however, we did not find any significant effect
for FokI polymorphism on TB.

The inconsistent results proposed in different studies
and different risky genotype proposed in each population
might be due to the selection of patients from different



Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Banoei et al, 2009 3.836 2.242 6.561 4.908 0.000
Marashain et al, 2010 1.576 0.943 2.633 1.737 0.082
Rashedi et al, 2013 1.143 0.738 1.769 0.599 0.549
Salimi et al, 2014 1.224 0.841 1.783 1.055 0.291
Jafari et al, 2016 1.318 0.883 1.969 1.350 0.177

1.578 1.075 2.316 2.328 0.020

0.1 0.2 0.5 1 2 5 10

TaqI t vs. T

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Banoei et al, 2009 2.764 0.905 8.442 1.784 0.074
Marashain et al, 2010 4.455 0.248 79.884 1.014 0.310
Rashedi et al, 2013 1.644 0.668 4.049 1.082 0.279
Salimi et al, 2014 0.926 0.402 2.133 -0.181 0.857
Jafari et al, 2016 1.776 0.672 4.693 1.158 0.247

1.573 0.989 2.501 1.913 0.056

0.1 0.2 0.5 1 2 5 10

TaqI tt vs. TT

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Banoei et al, 2009 7.397 3.019 18.121 4.377 0.000
Marashain et al, 2010 1.737 0.918 3.287 1.696 0.090
Rashedi et al, 2013 2.127 1.218 3.714 2.654 0.008
Salimi et al, 2014 1.369 0.832 2.252 1.237 0.216
Jafari et al, 2016 1.295 0.753 2.228 0.934 0.350

1.993 1.235 3.215 2.826 0.005

0.1 0.2 0.5 1 2 5 10

TaqI (tt+tT) vs. TT

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Banoei et al, 2009 5.283 1.823 15.306 3.067 0.002
Marashain et al, 2010 5.486 0.311 96.726 1.163 0.245
Rashedi et al, 2013 1.561 0.672 3.625 1.037 0.300
Salimi et al, 2014 1.104 0.503 2.422 0.246 0.806
Jafari et al, 2016 1.966 0.770 5.017 1.413 0.158

1.983 1.120 3.510 2.350 0.019

0.1 0.2 0.5 1 2 5 10

TaqI tt vs. (tT+TT)

A

B

C

D

Fig. 3. Forrest plots of the TaqI polymorphism association with TB susceptibility; A) represents comparison of allele contrast
model of t vs. T; B) represents comparison of dominant genetic model of tt vs. TT; C: represents comparison of the dominant
genetic model of (tt þ tT) vs. TT; D: represents a comparison of the recessive genetic model of tt vs. (tT þ TT).
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populations. VDR variants may play a different role in every
population. Selection of a population from different envi-
ronmental factors (nutritional status and sunlight intensity
and hours) in each study, diversity of genetic background
among cases of each ethnicity, and various genotypes and
allele frequencies of VDR polymorphisms are other influ-
ential factors in inconsistent association with disease
development and the observed heterogeneity.26

In other meta-analyses with ethnicity-specific subgroup
assessments, FokI and BsmI polymorphisms have been pro-
posed as the main risk factors for the increased and
decreased risk of TB development among Asian patients,
respectively; this was also in contrast with the present
study, which indicated no significant association between
FokI variant and TB progression in Iranian infected pa-
tients.21,22,24 We only found a significant relationship be-
tween the dominant model (bb þ bB/BB) of BsmI and TB
susceptibility. By considering four different VDR poly-
morphisms, it has been shown that FokI SNP could signifi-
cantly increase the risk of TB in Chinese people, and BsmI
and ApaI polymorphisms showed protecting effects against
TB among European populations.20



Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Banoei et al, 2009 3.615 1.640 7.971 3.186 0.001
Merza et al, 2009 4.347 1.631 11.584 2.938 0.003
Marashain et al, 2010 0.060 0.004 1.000 -1.960 0.050
Rashedi et al, 2013 0.858 0.449 1.636 -0.466 0.641
Salimi et al, 2014 1.217 0.699 2.119 0.694 0.487
Jafari et al, 2016 1.083 0.473 2.481 0.189 0.850

1.443 1.049 1.983 2.257 0.024

0.01 0.1 1 10 100

BsmI (bb+Bb) vs BB

Fig. 4. Forrest plot of BsmI polymorphism (dominant model) association with TB risk.
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The Caucasian, African, and South American populations
did not show any significant association between FokI, BsmI
(except the dominant model), and ApaI polymorphisms of
VDR gene with TB susceptibility,21,23 which agrees with our
results on Iranian patients. The t allele of TaqI poly-
morphism has shown a marginally significant association
with TB among Africans, which was similar to the effects we
found between TaqI and TB among Iranian. Limitations that
can be addressed in this study are related to HWE test in
controls for each polymorphism, as some studies showed
significant deviations from HWE (P < 0.05); therefore, the
results of these studies should be interpreted cautiously.

In this meta-analysis, the role of four major VDR gene
SNPs in the risk of TB was examined in Iranian populations,
and the significant effect of TaqI polymorphism in all
different genetic models and BsmI polymorphism dominant
genotype on the increased risk of TB were confirmed.
However, to validate the present results regarding the role
of TaqI and BsmI in increasing susceptibility to TB,
furthermore case-control and population-based studies
with a larger sample size are needed.
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