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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% Cl. Heterogeneity was investigated based on Cochran Q-test and I12-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. Taql (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 + TT): 1.99 (1.2, 3.2), p-value: 0.00; dominant model (tt + Tt/TT): 1.98 (1.1,
3.5), p-value: 0.01). Bsml showed a significant positive effect on TB risk only in its dominant
genotype (bb + bB/BB) (1.44 (1.0, 1.9); p-value: 0.02). Fokl and Apal did not show any signif-
icant effects on TB development in Iranian populations. Findings showed the significant effect
of Taql polymorphism in all genetic models and the dominant model of Bsml on the increased
risk of TB. However, the effects of Taql and Bsml should be further investigated in a larger sam-
ple size.

Copyright © 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." TB is the ninth leading
cause of mortality, accounting for 1.3 million deaths
worldwide.? 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.* 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.” 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.®’

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.®° 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.'®"" 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 Apal (A/a), Bsml (B/
b), Fokl (F/f), and Tagl (T/t)"’(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 Apal, Bsml,
Fokl, and Taql 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
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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 Apal (A/a),

Bsml (B/b), Fokl (F/f), and Taql (T/t).

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)

l

Records excluded
(n=320)

l

Full-text articles assessed for eligibility Full-text articles excluded, with reasons
(n=30) (n=24)

|

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: ) allele contrast
model (a vs. A); Il) recessive model, aa vs. (Aa + AA); Ill)
dominant model (aa + Aa) vs. AA; and IV), homozygote
contrast (additive) model (aa vs. AA).

Data analysis

Using the Hardy—Weinberg 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 (Cls). 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 12-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 lIranian 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.’> ' In addition, the refer- =
ence lists of the included studies were reviewed to prevent 5 e =
missing any relevant article; however, we did not find any @) N
additional articles by screening the reference lists. Table 1 ‘é
shows the distribution of VDR allele frequency of each VDR k= - o~
variant extracted from eligible studies for the meta- E =5 SR
analysis. < 3
The population distribution and characteristics of = =
studies (Table 2) showed the distribution of patients. S REE
Overall, four out of six investigating groups were from <l .
Tehran, >~ "° one from Tabriz,"” and one from Zahedan.'® In k5
all the included studies, cases were matched with the E 5 ‘8 E
controls regarding age, sex, and ethnicity.”>'® _
In all the included studies, a lower-case letter (e.g., f, b, g
a, and t) specified the restriction site, while an upper-case 5 <+ 0 < m <
letter (e.g., F, B, A, and T) indicated its absence. Fokl and i e Mo
Bsml polymorphisms were evaluated in all the included e
studies (641 cases and 515 controls)'>~'; however, Taql '% w8 <o
and Apal polymorphisms were assessed in five (524 cases T o A
and 455 controls)'>~">'718 and three (344 cases and 262 e 3
controls) studies,'* "> respectively. = v ~o
HWE test was performed to demonstrate the genetic S| &Rk
distribution of VDR polymorphisms in the control groups i
(Table 2); only the study of Banoei et al. was on HWE for all _E
the evaluated polymorphisms.'® Studies with significant 5 N E % § S
deviation from HWE (P < 0.05) in the controls were as _
follows: 3 out of 6 studies focusing on Fokl,”>'®"® 3 out of 6 e
studies on Bsml,">~"7 1 out of 5 studies on Taqgl," and 1 out S5lno T « g
of 3 studies on Apal."” P R B
E
S| m o~ O o0
Synthesis of quantitative data =l S R
e
Data from six included studies, comprising 641 TB cases and S *E o
515 healthy controls, were used in a random effects model et S[F8IX3S
to determine the possible correlation of VDR poly- - @l
morphisms with susceptibility to TB.">~'8 Table 3 shows the & k5
associations between four VDR polymorphisms and TB by < § ot 8 S S3
measuring OR and CI for each of the four genetic models 8 _
evaluated for each polymorphism. E g
For VDR gene Fokl polymorphism, the pooled analysis of < Sl e moe @ aam
six included studies using the random-effects model indi- g T R B A
cated no significant relationship in allelic or any of the % =
studied genetic models with susceptibility to TB.">~ '8 £ 2
. . .p . N |l OO NNO
The Apal gene polymorphism was not significantly linked °|l < B = @ s N
to TB susceptibility, based on its allelic model and different .§ 2 3
genetic models in three included studies.* ">’ 3 = ~ e
For VDR gene Bsml polymorphism, among different ge- = S|I88S382k
netic models, which were compared between the case and < ol
control groups in six included studies, only (bb + Bb) versus oy §
BB comparison (the dominant model) showed a significant § § E pas E ﬁ E S
relationship with the increased rate of TB, using the & .
random-effects model."> "8 = O~
VDR gene Taql polymorphism was the only type of VDR % SN § R
polymorphism, which showed a significant relationship with o 8935 N3
increased susceptibility to TB in different genetic models = NoLale o
and allelic comparisons of five included studies.'>~'>17:18 | o IR -
The ORs (95%Cl) were as follows: allele comparison: 1.57 - 2 ° E ° _rC'E g <
(1.0, 2.3) P-value 0.02; additive model of tt vs. TT: 1.57 % E @ § E § % =
(0.9, 2.5) P-value 0.05; recessive model of tt vs. (Tt + TT): e e s K S8 E

1.99 (1.2, 3.2) P-value 0.00; dominant model of (tt + Tt) vs.



Table 2  Characteristics of the included studies.
References Population Sample size (N) Diagnosis of cases Selection of controls Comparisons HWE test
Age Fokl, Bsml, Taql, Apal
F/M (case/control)
Merza et al., 2009'® Tehran N:117/60 AFB, clinical symptoms nurses, doctors, and Fokl, Bsml 0.04, 0.03,
Age: NA confirmed PTB staffs; positive PPD test
F/M:NA result;
no symptoms
Banoei et al., 2009 Tehran N:60/62 Confirmed in Massih Randomly selected from  Fokl, Bsml, Taql 0.93, 0.88, 0.82
Age: 45.8 £ 11/41 £ 9 Daneshvari blood donor centers;
F/M: 30/30; 26/36 Hospital HIV(—); no history of TB
Salimi et al., 20148 Zahedan N:120/131 Clinical symptoms, X- normal healthy subjects  Fokl, Bsml, Taql 0,05, 0.31, 0.31
Age: 51.5 + 19.7/48.1 + 12.2 ray, sputum smear- who underwent the
F/M:75/45; 93/38 confirmed PTB physical examination
Marashain et al., 2010"® Tehran N:164/50 Clinical symptoms, X- healthy people who Fokl, Bsml, Taqgl, Apal 0.07, 0.00, 0.02, 0.00
Age:NA ray, sputum smear- worked in hospital
F/M:79/85; 28/22 confirmed PTB
Rashedi et al., 2013"7 Tabriz N:84/90 Sputum smear confirmed healthy staff Fokl, Bsml, Taql, Apal 0.38, 0.00, 0.99, 0.73
Age:NA PTB
F/M:34/50; 41/49
Jafari et al., 2016" Tehran N:96/122 sputum smear, culture, Healthy individuals, no Fokl, Bsml, Taqgl, Apal 0,03, 0.62, 0.16, 0.53

Age: 51 + 31/48 + 27
F/M:40/56; 54/68

significant symptoms,
chest radiography

symptoms

uonye)ndod ueluel| ue ul sisojndiagn] Areuowing

€8
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Table 3 Summary of odds ratios (ORs) with confidence intervals (C/ ) for allele and genotype comparisons.
Comparisons Random effects model Heterogeneity Egger’s regression intercept
OR (95%Cl ) P value Q- value P-value I-squared
Fokl
fvsF 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 + FF) 1.18 (0.7, 1.9) 0.4 3.36 0.6 0.00 0.46
(ff + Ff) vs FF 0.84 (0.4, 1.4) 0.5 23.39 0.00 78.6 0.44
Bsml
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 + BB)  1.53 (0.67, 3.4) 0.3 54.65 0.00 90.85 0.33
(bb + Bb) vs BB 1.44 (1.0, 1.9) 0.02 18.26 0.00 72.6 0.76
Taql
tvsT 1.57 (1.0, 2.3) 0.02 18.78 0.00 72.95 0.12
ttvs TT 1.57 (0.9, 2.5) 0.05 3.09 0.54 0.00 0.23
ttvs (Tt + TT) 1.99 (1.2, 3.2) 0.00 6.137 0.18 34.81 0.31
(tt + Tt) vs TT 1.98 (1.1, 3.5) 0.01 12.48 0.01 67.97 0.03
Apal
avsA 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 + AA)  0.86 (0.5, 1.3) 0.5 0.83 0.65 0.00 0.53
(aa + Aa) vs AA 0.98 (0.6, 1,4) 0.9 1.44 0.4 0.00 0.24

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 Tag|
polymorphism are presented in Fig. 3. The Forrest plot of a
dominant genetic model of Bsml 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 (Fokl, Bsml, and Taql),
except for Apal, 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 used'®; 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 Taql polymorphism,
(tt + 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."" 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,'"?°~2 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 (Fokl, Bsml, Taql, and Apal), considering
the limited information about other VDR polymorphisms.
Based on the six included case-control studies which
focused on VDR Taql polymorphism, our meta-analysis
showed the significant association of Taql variant located
near the 3'-untranslated region with an increase in sus-
ceptibility to TB in its allelic comparison and all different
genetic models; however, Fokl and Apal polymorphisms
showed no significant effects on increasing or decreasing
the risk of TB. The Bsml polymorphism had a positive effect
on increasing the risk of TB only in its dominant model
(bb + bB/BB), which was statistically significant.
According to previous meta-analyses, Taql had no role in
TB development that is in contrast with our results, which
showed the significant role of VDR Taqgl polymorphism in
increasing susceptibility to TB in an Iranian population.
They also proposed Fokl polymorphism as the main VDR
variant, which results in a significant increase in TB
risk?%232%; however, we did not find any significant effect
for Fokl 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
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Taqltvs. 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 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
A 01 02 05 1 2 5 10
Taqlttvs. 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 2.764 0.905 8.442 1.784 0.074 il
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 2133 -0.181 0.857
Jafari et al, 2016 1.776 0.672 4.693 1.158 0.247 —]
B 1.573 0.989 2.501 1.913 0.056
01 02 05 1 2 5 10
Taql (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 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 2127 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
C 1.993 1.235 3.215 2.826 0.005
01 02 05 1 2 5 10
Taql tt vs. (tT+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 5283 1.823 15306 3.067 0.002 | —H
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 2422 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

D

Fig. 3.

01 02 05 1 2 5 10

Forrest plots of the Taql 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 + tT) vs. TT; D: represents a comparison of the recessive genetic model of tt vs. (tT + TT).

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.?®

In other meta-analyses with ethnicity-specific subgroup
assessments, Fokl and Bsml 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
Fokl variant and TB progression in Iranian infected pa-
tients.2""?22* We only found a significant relationship be-
tween the dominant model (bb + bB/BB) of Bsml and TB
susceptibility. By considering four different VDR poly-
morphisms, it has been shown that Fokl SNP could signifi-
cantly increase the risk of TB in Chinese people, and Bsml
and Apal polymorphisms showed protecting effects against
TB among European populations.Z°
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Bsml (bb+Bb) vs BB

Study name

Statistics for each study

Odds Lower Upper

ratio limit limit
Banoei et al, 2009 3.615 1.640 7.971
Merza et al, 2009 4.347 1.631 11.584
Marashain et al, 2010 0.060 0.004 1.000
Rashedi et al, 2013 0.858 0.449 1.636
Salimi et al, 2014 1.217 0.699 2.119
Jafari et al, 2016 1.083 0.473 2.481

1.443 1.049 1.983

Fig. 4.

The Caucasian, African, and South American populations
did not show any significant association between Fokl, Bsml
(except the dominant model), and Apal polymorphisms of
VDR gene with TB susceptibility,?""?*> which agrees with our
results on lranian patients. The t allele of Taqgl poly-
morphism has shown a marginally significant association
with TB among Africans, which was similar to the effects we
found between Taql 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 Taql polymorphism in all
different genetic models and Bsml polymorphism dominant
genotype on the increased risk of TB were confirmed.
However, to validate the present results regarding the role
of Tagl and Bsml in increasing susceptibility to TB,
furthermore case-control and population-based studies
with a larger sample size are needed.

Authors’ contributions

Asadollah Mohammadi, Nader Tajik, Mohammad Jafari, and
Rasoul Nasiri-Kalmarzi conceived and designed the experi-
ments; Asadollah Mohammadi and Farzad Khademi per-
formed the experiments, and Mohammad Jafari analyzed
the data.

Declaration of Competing Interest

None.

Acknowledgments

We express our gratitude to Leila Zarif Mahmoudi for the
statistical assistance.

References

1. Smith I. Mycobacterium tuberculosis pathogenesis and molec-
ular determinants of virulence. Clin Microbiol Rev 2003;16(3):
463—96.

-1.960
-0.466
0.694
0.189
2.257

0.001

Odds ratio and 95% CI

Z-Value p-Value

3.186
2.938

0.003
0.050
0.641
0.487
0.850
0.024

2.

3.

10.

1.

12.

13.

14.

15.

16.

17.

0.01 0.1 1 10 100

Forrest plot of Bsml polymorphism (dominant model) association with TB risk.

Glaziou P, Floyd K, Raviglione MC. Global epidemiology of
tuberculosis. Semin Respir Crit Care Med 2018;39(3):271—85.
WHO. Global tuberculosis report 2017. Geneva: WHO press;
2017.

. Bell LCK, Noursadeghi M. Pathogenesis of HIV-1 and Mycobac-

terium tuberculosis co-infection. Nat Rev Microbiol 2018;
16(2):80—90.

. Groschel MI, Sayes F, Simeone R, Majlessi L, Brosch R. ESX

secretion systems: mycobacterial evolution to counter host
immunity. Nat Rev Microbiol 2016;14(11):677—91.

. Pollock JM, Neill SD. Mycobacterium bovis infection and

tuberculosis in cattle. Vet J 2002;163(2):115—27.

. Tajik N, Shah-hosseini A, Mohammadi M, Jafari M, Nasiri M,

Radjabzadeh MF, et al. Susceptibility to pulmonary tubercu-
losis in Iranian individuals is not affected by compound
KIR/HLA genotype. Tissue Antigens 2012;79(2):90—6.

. Candido FG, Bressan J. Vitamin D: link between osteoporosis,

obesity, and diabetes? Int J Mol Sci 2014;15(4):6569—91.

. Wimalawansa SJ. Vitamin D adequacy and improvements of

comorbidities in persons with intellectual developmental dis-
abilities. J Child Dev Disord 2016;2(3):22—33.

Liu W, Cao WC, Zhang CY, Tian XM, Wu JD, Habbema SJ, et al.
VDR and NRAMP1 gene polymorphisms in susceptibility to pul-
monary tuberculosis among the Chinese Han population: a
case-control study. Int J Tuberc Lung Dis 2004;8(4):428—34.
Nnoaham KE, Clarke A. Low serum vitamin D levels and
tuberculosis: a systematic review and meta-analysis. Int J
Epidemiol 2008;37(1):113—9.

Taymans SE, Pack S, Pak E, Orban Z, Barsony J, Zhuang Z, et al.
The human vitamin D receptor gene (VDR) is localized to region
12cen-q12 by fluorescent in situ hybridization and radiation
hybrid mapping: genetic and physical VDR map. J Bone Miner
Res 1999;14(7):1163—6.

Banoei MM, Mirsaeidi MS, Houshmand M, Tabarsi P, Ebrahimi G,
Zargari L, et al. Vitamin D receptor homozygote mutant tt and
bb are associated with susceptibility to pulmonary tuberculosis
in the Iranian population. Int J Infect Dis 2010;14(1):e84—5.
Jafari M, Nasiri MR, Sanaei R, Anoosheh S, Farnia P,
Sepanjnia A, et al. The NRAMP1, VDR, TNF-alpha, ICAM1, TLR2
and TLR4 gene polymorphisms in Iranian patients with pulmo-
nary tuberculosis: a case-control study. Infect Genet Evol
2016;39:92-8.

Marashian SM, Farnia P, Seyf S, Anoosheh S, Velayati AA.
Evaluating the role of vitamin D receptor polymorphisms on
susceptibility to tuberculosis among iranian patients: a case-
control study. Tuberk Toraks 2010;58(2):147—53.

Merza M, Farnia P, Anoosheh S, Varahram M, Kazampour M,
Pajand O, et al. The NRAMPI, VDR and TNF-alpha gene poly-
morphisms in Iranian tuberculosis patients: the study on host
susceptibility. Braz J Infect Dis 2009;13(4):252—6.

Rashedi J, Asgharzadeh M, Moaddab SR, Sahebi L, Khalili M,
Mazani M, et al. Vitamin d receptor gene polymorphism and


http://refhub.elsevier.com/S1684-1182(19)30146-X/sref1
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref1
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref1
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref1
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref2
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref2
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref2
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref3
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref3
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref4
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref4
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref4
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref4
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref5
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref5
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref5
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref5
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref6
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref6
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref6
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref7
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref7
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref7
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref7
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref7
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref8
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref8
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref8
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref9
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref9
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref9
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref9
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref10
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref10
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref10
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref10
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref10
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref11
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref11
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref11
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref11
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref12
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref12
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref12
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref12
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref12
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref12
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref13
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref13
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref13
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref13
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref13
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref14
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref14
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref14
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref14
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref14
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref14
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref15
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref15
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref15
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref15
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref15
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref16
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref16
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref16
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref16
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref16
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref17
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref17

Pulmonary Tuberculosis in an Iranian population

835

18.

19.

20.

21.

vitamin d plasma concentration: correlation with susceptibility
to tuberculosis. Adv Pharmaceut Bull 2014;4(Suppl 2):607—11.
Salimi S, Farajian-Mashhadi F, Alavi-Naini R, Talebian G, Nar-
ooie-Nejad M. Association between vitamin D receptor poly-
morphisms and haplotypes with pulmonary tuberculosis.
Biomed Rep 2015;3(2):189—94.

Onvani S, Haghighatdoost F, Surkan PJ, Larijani B, Azadbakht L.
Adherence to the Healthy Eating Index and Alternative Healthy
Eating Index dietary patterns and mortality from all causes,
cardiovascular disease and cancer: a meta-analysis of obser-
vational studies. J Hum Nutr Diet 2017;30(2):216—26.

Chen C, Liu Q, Zhu L, Yang H, Lu W. Vitamin D receptor gene
polymorphisms on the risk of tuberculosis, a meta-analysis of
29 case-control studies. PLoS One 2013;8(12):e83843.

Gao L, Tao Y, Zhang L, Jin Q. Vitamin D receptor genetic
polymorphisms and tuberculosis: updated systematic review
and meta-analysis. Int J Tuberc Lung Dis 2010;14(1):15—23.

22.

23.

24.

25.

26.

Lee YH, Song GG. Vitamin D receptor gene Fokl, Taqgl, Bsml,
and Apal polymorphisms and susceptibility to pulmonary
tuberculosis: a meta-analysis. Genet Mol Res 2015;14(3):
9118—-29.

Su Q, Ma X, Lin H, Li Y, Hu D, Xiong H, et al. Association be-
tween gene polymorphisms of vitamin D receptor and pulmo-
nary tuberculosis susceptibility: a meta-analysis. J Med Coll
PLA 2011;26(2):63—75.

Sun YP, Cai QS. Vitamin D receptor Fokl gene polymorphism
and tuberculosis susceptibility: a meta-analysis. Genet Mol Res
2015;14(2):6156—63.

Zhao Z, Zhang T, Gao Y, Feng F. Meta-analysis of relationship
of vitamin D receptor gene polymorphism and tuberculosis
susceptibility. 2009.

Delgado JC, Baena A, Thim S, Goldfeld AE. Ethnic-specific
genetic associations with pulmonary tuberculosis. J Infect Dis
2002;186(10):1463—8.


http://refhub.elsevier.com/S1684-1182(19)30146-X/sref17
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref17
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref17
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref18
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref18
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref18
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref18
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref18
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref19
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref19
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref19
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref19
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref19
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref19
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref20
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref20
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref20
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref21
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref21
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref21
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref21
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref22
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref22
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref22
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref22
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref22
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref23
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref23
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref23
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref23
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref23
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref24
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref24
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref24
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref24
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref25
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref25
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref25
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref26
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref26
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref26
http://refhub.elsevier.com/S1684-1182(19)30146-X/sref26

	Vitamin D receptor ApaI (rs7975232), BsmI (rs1544410), Fok1 (rs2228570), and TaqI (rs731236) gene polymorphisms and suscept ...
	Introduction
	Methods
	Search strategy
	Data collection
	Data analysis

	Results
	Sample selection
	Synthesis of quantitative data
	Test of heterogeneity
	Bias diagnosis

	Discussion
	Authors' contributions
	Declaration of Competing Interest
	Declaration of Competing Interest
	Acknowledgments
	References


