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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 TaqI 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 
TaqI polymorphism and risk of developing TB. Materials and Methods: We performed a quantitative synthesis for 
published studies based upon the relationship between TaqI polymorphism and TB risk from PubMed (Medline) 
and Embase databases. The meta‑analysis was performed and pooled odds ratios (ORs) and 95% confidence 
intervals (CIs) 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 TaqI genotypes and risk of TB in any of the genetic models; variant (t vs 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), dominant model (tt + Tt vs TT: P = 0.805; OR = 1.032, 
95% CI = 0.805–1.322), and recessive model (tt vs TT + Tt: P = 0.180; OR = 1.229, 95% CI = 0.909–1.660). 
No publication bias was detected during the analysis. Conclusions: Overall findings of this meta‑analysis suggest 
that genetic polymorphism TaqI 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

Tuberculosis (TB) is one of the leading chronic infectious 
disease worldwide and cause great harm to human beings. TB is 

mainly caused by Mycobacterium tuberculosis (M. tuberculosis), 
an intracellular pathogen that dwells within macrophages, 
leading cause of death worldwide annually.[1] About one-third 
of the world’s population is thought to be infected with 
M. tuberculosis, but only small fraction (5-15%) of population 
develops an active TB disease during their lifetime.[2] Earlier 
studies have been shown that susceptibility to TB at different 
rates indicate that host genetic risk factors play an important 
role in the susceptibility to TB.[3] Therefore, it is predicted 
that the identification of host genetic factors for susceptibility 
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.[4,5] The human VDR is a nuclear receptor 
gene of 75 kb size (located on 12q12–14) and consists of 
11 exons and 11 introns.[6] VDR gene polymorphisms are 
occurred in several restriction enzyme sites, among them 
TaqI (rs731236) polymorphism located in exon 9 is the 
well-known polymorphism of VDR gene.[7] Previously it 
has been reported that mutant t/t genotype of TaqI occurred 
more frequently in TB patients and has been shown to affect 
transcription and diminished VDR functions.[8]

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.[9] 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 
TaqI polymorphism and TB risk,[10-30] 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 

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.[31,32] In the present 
study, a meta-analysis has been performed to evaluate the 
association of TaqI 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 TaqI polymorphism and TB risk, (b) used a 

Figure 1: Flow chart of selection of studies. VDR = Vitamin D receptor, TB = tuberculosis
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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, (e) 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 TaqI 
polymorphism and TB risk, pooled odds ratios (ORs) and 
their corresponding 95% confidence intervals (CIs) were 
calculated. Heterogeneity assumption was inspected by the 
Chi-square-based Q-test.[33] 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.[34] Otherwise, the random effects 
model[35] was used for pooling of the data. Moreover, 
I2 statistics was used to quantify inter-study variability 
and larger values suggested an increasing degree of 
heterogeneity.[36] 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 t-test (statistically 
significant publication bias was considered at P < 0.05).[37] 
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.

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 I2 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].

TaqI 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 
TaqI polymorphism and risk of TB. The pooled results 
suggested that individuals who carry variant allele 
(t vs 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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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, 
95% CI = 0.805 to 1.322) and recessive (tt vs. 
TT + Tt: P = 0.180; OR = 1.229, 95% CI = 0.909–
1.660) models also failed to show any association with 
the risk for TB occurrence [Figure 3].

DISCUSSION

Vitamin D acts by triggering a chain of events via binding 
to the VDR that can influence cellular differentiation, 
inflammation, the immune and endocrine systems, insulin 
resistance, and lipid metabolism.[38] The VDR affects 
both innate and adaptive immunity, and especially innate 
immunity genes play significant role in the modulation 
of host susceptibility towards TB infection because the 
first line defense against M. tuberculosis involves the 
identification and uptake of the bacterium by macrophages 
and dendritic cells.[39] Previous studies in mouse models 
reported that vitamin D-deficient mice were more prone 
for increased sensitivity towards autoimmune diseases.[40] 
The significance of polymorphic variant genotypes of VDR 
gene has been emphasized on the resistance or susceptibility 
to various infectious diseases including TB.[41] Earlier 
reports demonstrated that susceptibility to TB and risk of 
progression from infection to the disease tends to occur 
more often in patients with low vitamin D levels.[42,43]

Table 1: Main characteristics of the selected studies included in the meta‑analysis
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 TaqMan 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

Liu et al. 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 = Population based, PCR = Polymerase chain reaction, RFLP = Restriction fragment length polymorphism, TaqMan = Real‑time PCR probe chemistry

Table 2: Distribution of TaqI gene polymorphism 
among controls and TB cases of all included studies
Authors and 
year (reference no.)

Control Case
Genotype Minor 

allele
Genotype Minor 

allele
TT Tt tt MAF TT Tt tt MAF

Wu et al., 2013[10] 183 23 5 0.07 191 19 3 0.05

Singh et al., 2011[11] 132 60 33 0.28 61 30 10 0.24

Kang et al., 2011[12] 85 88 1 0.25 134 14 1 0.05

Sharma et al., 2011[13] 190 114 13 0.22 39 25 11 0.31

Ates et al., 2011[14] 30 39 11 0.38 49 65 14 0.36

Banoei et al., 2010[15] 33 24 5 0.27 8 33 19 0.59

Alagarasu et al., 2009[16] 70 62 14 0.30 41 50 21 0.41

Selvaraj et al., 2009[17] 27 21 12 0.37 24 33 8 0.37

Vidyarani et al., 2009[18] 27 18 4 0.26 15 18 7 0.40

Selvaraj et al., 2008[19] 34 22 4 0.25 18 23 10 0.42

Olesen et al., 2007[20] 161 150 34 0.31 150 145 25 0.30

Babb et al. 2007[21] 190 140 22 0.26 136 94 19 0.26

Lombard et al., 2006[22] 67 48 2 0.22 62 36 6 0.23

Liu et al., 2004[23] 203 32 5 0.08 105 12 3 0.07

Bornman et al., 2004[24] 331 253 50 0.27 57 37 12 0.28

Roth et al., 2004[25] 7 36 57 0.75 9 32 59 0.75

Selvaraj et al., 2004a[26] 27 27 10 0.36 13 23 10 0.46

Selvaraj et al., 2004b[27] 40 48 14 0.37 27 28 9 0.35

Delgado et al., 2002[28] 96 10 0 0.04 325 30 3 0.05

Wilkinson et al., 2000[29] 45 58 13 0.36 39 46 6 0.31

Bellamy et al., 1999[30] 188 177 49 0.33 204 177 27 0.28

MAF = Minor allele frequency, TB = Tuberculosis, a and b refers two different 
publications by the same author (s) in the same year
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Table 3: Statistics to test publication bias and heterogeneity in the meta‑analysis
Comparisons Egger’s regression analysis Heterogeneity analysis Model used for 

meta‑analysisIntercept 95% confidence interval P value Q value Pheterogeneity I2 (%)
t vs T 1.20 −1.80 to 4.21 0.41 97.65 <0.0001 79.519 Random

tt vs TT 1.67 −0.26 to 3.62 0.08 57.39 <0.0001 65.15 Random

Tt vs TT 0.76 −1.77 to 3.31 0.53 77.282 <0.0001 74.14 Random

tt+Tt vs TT 1.25 −1.48 to 3.98 0.35 90.14 <0.0001 77.81 Random

tt vs TT+Tt 1.41 −0.31 to 3.15 0.103 46.03 0.001 56.55 Random

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 TaqI polymorphism and risk of 
developing TB. Pool ORs generated from large sample 
size and population can enhance the statistical power and 

pooling data from various studies has the advantage of less 
random errors.[44]

The pooled results of this meta-analysis revealed that VDR 
TaqI genetic polymorphism is not significantly associated 
with the risk of TB. Individuals carried the mutant allele t 
of TaqI 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 

Figure 2: Forest plot and ORs with 95% CI of TaqI variant of VDR gene and TB risk (t vs T; Tt vs TT; tt vs TT). OR = Odds ratio, CI = Confidence 
interval. The squares and horizontal lines correspond to the study‑specific OR and 95% CI
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and previous studies proved that these SNPs 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 TaqI gene polymorphism.[45,46] 
Similarly, Cao et al., also did not observe significant risk to 
TB in association with VDR TaqI polymorphism among 
Chinese population.[47] Additionally, susceptibility to TB is 
polygenic in nature; multicandidate genes are likely to be 
involved in the process of active disease development.[48] 
Due to the multifactorial nature of TB infection and 
complex design of the immune system,[49] 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 

heterogeneity, for example, the genetic backgrounds for 
cases and controls, diverse genotype distribution of TaqI in 
different ethnic groups suggest that they are almost/always 
subjected to natural selection.[50] 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.[51] 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 

Figure 3: Forest plot and ORs with 95% CI of TaqI variant of VDR gene and TB risk (tt + Tt vs TT; tt vs TT + Tt). The squares and horizontal 
lines correspond to the study‑specific OR and 95% CI
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of database selection. Similarly, in this meta-analysis we 
considered most reliable databases (i.e. 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 TaqI polymorphism of VDR gene with the risk of 
TB and suggested that the TaqI 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 TaqI polymorphism and TB risk. Here, we only 
analyzed the VDR TaqI 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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