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↑What is “already known” in this topic: 
Different results regarding the relationship of polymorphism of 
VDR genes with the pulmonary TB are performed at different 
time intervals, years, communities, but this relationship is still 
unknown.   
 
→What this article adds: 

Polymorphism of VDR genes in patients suffering from 
pulmonary TB in this study was shown. TaqI gene 
polymorphisms rate was higher than FokI, ApaI and BsmI.  
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Abstract 
    Background: Polymorphisms in the vitamin D receptor (VDR) play an effective role in the susceptibility of pulmonary tuberculosis 
(TB). Given the importance of this polymorphism and its association with pulmonary TB, this study aimed to investigate the 
prevalence of VDR polymorphisms in people with pulmonary TB. 
   Methods: The search process was performed from 2009 to 2023 according to PRISMA (Preferred reporting items for systematic 
reviews and meta-analyses). The strengthening of the reporting of observational studies in epidemiology (STROBE) checklist was 
used to qualify the articles. The data was entered into STATA version 14 software, then the fixed effects model and the random effects 
model, effect size (ES), and Q test (P < 0.10) were used for data analysis at a confidence interval level (CI) of 95%. Two-sided 
statistical tests were considered with α=0.05. 
   Results: In this research, 28 articles were analyzed. Polymorphisms showed a significant relationship with susceptibility to 
pulmonary TB (P = 0.000), and significant heterogeneity (P = 0.000) was seen between polymorphisms. FokI (95% CI: 0.39-0.46, P = 
0.000, ES = 43%), ApaI (95% CI: 0.31-0.48, P = 0.000, ES = 39%) and BsmI  (95% CI: 0.24-0.50, P = 0.000, ES = 37%) showed the 
most frequent gene polymorphisms after TaqI (95% CI: 0.34-0.77, P = 0.000, ES = 56%). 
   Conclusion: ApaI, BsmI, FokI, and TaqI polymorphisms were found in patients suffering from pulmonary TB. Polymorphisms 
related to the TaqI gene were the most frequent. Controlling and prescribing vitamin D may be needed in these patients. 
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Introduction 
Mycobacterium tuberculosis (M. tuberculosis) infected 

approximately one-third of the world population (1). Tu-
berculosis is the second cause of death caused by an infec-
tious disease in the world (after-acquired immunodefi-
ciency syndrome (AIDS), and its incidence rate is 8.8 mil-
lion cases, with the death of nearly 2 million people per 
year (2, 3).  

The results of the evaluation of TB trends from 2010 to 
2019 in Iran showed an annual increase of 0.84% in the 

incidence of TB. Between 2010 and 2013, the incidence of 
TB increased by 18.10% annually, and between 2013 and 
2019, it increased by -5.42% annually (4). In another 
study conducted in Iran, 12% of 9717 TB cases were Af-
ghans, and 72.3% of patients had pulmonary TB (5). 
Global research showed a 10% cumulative reduction in 
TB incidence from 2015 to 2021 (6). A person's lifetime 
risk of developing TB is between 5% and 15%  (7). The 
risk of contracting TB for people is between 5 and 15 per-
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cent (8). The effects of some genes in the human body 
have been proven on the level of TB infection in different 
people (9, 10). Among the genes that affect TB are the 
human white blood cell antigen and white blood cell non-
antigen genes. The human white blood cell antigen and 
the white blood cell non-antigen gene affect the emer-
gence of TB. Vitamin D receptor (VDR) is in the group of 
non-antigenic genes of human white blood cells (11, 12). 
Monocytes have an active VDR (1,25(OH)2 Vitamin D) 
on their surface. Vitamin D (1, 25(OH)2D is the most im-
portant metabolite of vitamin D and it is produced from 
25OHD by the enzyme 25OHD-1α hydroxylase 
(CYP27B1)). Vitamin D (1, 25(OH)2D enters the macro-
phage by the phagosome -lysosome integration. Vitamin 
D (1, 25(OH)2D  by stimulating the release of nitric oxide 
radicals, increases the ability of this cell to destroy TB 
(12, 13).  

Among the immune cells, alveolar macrophages 
(AM) are monocytes, which recognize bacteria through 
their membrane receptors, including Toll-like receptors, 
and in addition to ingesting it, they create the front line of 
defense against mycobacterium by creating an inflamma-
tory response. Cytokines produced by macrophages cause 
other innate immune cells, including natural killer cells 
and Tγδ lymphocytes, to be called to the site of infection, 
which in turn increases the capacity to kill mycobacterium 
by releasing macrophage-activating cytokines (1). Poly-
morphism is the occurrence of two or more completely 
different forms or forms, also called alternative pheno-
types, in a population of a species. Meanwhile, polymor-
phisms are the most common type of genetic variation that 
is presented in the human genome at a frequency higher 
than 1%. Polymorphisms differ from deoxyribonucleic 
acid (DNA) mutations, which are observed at extremely 
low frequencies in the population. Polymorphisms in the 
VDR gene may contribute to susceptibility to TB (12, 14, 
15). The vitamin D receptor polymorphisms gene is on 
chromosome 12cen-q12 (including 14 exons and approx-
imately 75 kilobases in genomic deoxyribonucleic acid 
(DNA)), including single nucleotide polymorphisms 
(SNPs) in FokI (F/f), BsmI (B/b), (ApaI (A/a) and TaqI 
(T/T). This polymorphism may or may not affect the ac-
tivity of the VDR gene and the effects caused by vitamin 
D afterward (10).  

Junaid and Rehman indicated that vitamin D deficiency 
is a risk factor for the development of active TB in pa-
tients (37.3±9.9 years old) with pulmonary TB. Mansy et 
al. reported that the frequency of AA, Aa, and aa poly-
morphism in the VDR gene was 58.5%, 17.9%, and 
23.6%, respectively. Also, the frequency of TT, Tt, and tt 
polymorphism was 48%, 19%, and 33%, respectively. 
There was not any significant relationship between VDR 
gene polymorphism, ApaI and TaqI, and increased suscep-
tibility to acute lower respiratory tract infection (16). In 
another study, Wang and Li showed that VDR gene poly-
morphisms including BsmI rs1544410 (odds ratio (OR); 
0.79), FokI rs2228570 (OR; 0.89), and TaqI rs731236 
(OR; 0.87) may act as genetic markers of TB in a certain 
population (17). Li et al. reported that the OR of  TaqI 
gene polymorphism in the world population was 1.12 (9). 

According to studies conducted in different populations 
at different time intervals in different years, there is still 
no convincing answer for a definitive relationship or lack 
of a definitive relationship regarding polymorphisms. Vit-
amin D receptor genes and their effect on pulmonary TB 
have not yet been found, and the results are contradictory. 
Their relationship is still the subject of discussion in the 
scientific communities related to this issue. In many stud-
ies, the polymorphism of all VDR genes has not been in-
vestigated, and many research studies may not have been 
included in these systematic review studies and meta-
analyses in different periods. Therefore, an up-to-date 
meta-analysis is needed to obtain a more reliable assess-
ment of the association between VDR gene polymor-
phisms and TB risk in global communities. Paying atten-
tion to the mentioned cases, investigating VDR gene pol-
ymorphisms and their effect on tuberculosis disease is a 
very effective step in the management of prevention, con-
trol, and care before and after the treatment of this disease, 
which in this research will be considered. 

 
Methods 
Information sources and search strategy 
This research was performed according to the PRISMA 

(Preferred reporting items for systematic reviews and me-
ta-analyses) guideline (http://www.prisma-
statement.org/, https://meridian.cvm.iastate.edu/wp-
content/uploads/2017/06/PRISMA-2009-
checklist.pdf). The advanced search process was carried 
out from 2009 to 2023. Quotations were used to insert a 
specific phrase, and Google (https://www.google.co.uk/) 
was used to search a site. Databases include PubMed 
(Uniform Resource Locator (URL); 
https://pubmed.ncbi.nlm.nih.gov/), Scopus (URL; 
https://www.scopus.com/), Web of Sciences (URL; 
http://webofscience.com/), Google Scholar (URL; 
https://scholar.google.com/), and scientific information 
database (SID) (URL; https://www.sid.ir/journal/en) (18-
21).  

The search keywords according to MeSH database 
(VDR: https://www.ncbi.nlm.nih.gov/mesh/?term=VDR, 
Polymorphisms: 
https://www.ncbi.nlm.nih.gov/mesh/?term=Polymorphisms, 
Tuberculosis: 
https://www.ncbi.nlm.nih.gov/mesh/?term=Tuberculosis)
was done. The search was also done with words that have 
the same meaning as the keywords, such as vitamin D 
receptor gene polymorphisms and TB. Boolean Operators 
are simple words (AND, OR, NOT, or AND NOT) that 
were used to limit the search results.  Advanced search 
syntax included; ‘prevalence OR incidence OR frequency 
OR outbreaks OR occurrence OR epidemiology OR epi-
demiologic studies OR population-based’ AND ‘vitamin 
D receptor genes polymorphisms OR VDR’ AND ‘pul-
monary tuberculosis’ AND ‘TB OR Mycobacterium tu-
berculosis’. The search syntax can be modified in data-
bases (19, 22, 23).  

The specific word was searched on the web page itself 
with Ctrl+F, and network search was used through a lap-
top or computer system. The desired format for searching 
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was portable document format (PDF). All variables for 
data were sought by population (patients suffering from 
pulmonary TB with/without VDR gene polymorphisms), 
intervention (VDR gene polymorphisms and susceptibility 
to TB), control (patients suffering from pulmonary TB 
without VDR gene polymorphisms), and outcomes (sus-
ceptibility to TB) (PICO) format. Also, assumptions were 
the following:  

1. What is the prevalence of VDR polymorphisms in 
people with pulmonary TB in the world population?  

2. What are the most common VDR gene polymor-
phisms (ApaI, BsmI, FokI, and TaqI)?  

The search process was carried out by two researchers 
and was defined for each specific time independently.  

In the screening process, each of the two researchers 
considered the articles resulting from their search to iden-
tify inclusion criteria. Next, the third researcher reviewed, 
considered, and selected the articles.  

 Then, the quality of the articles was evaluated by the 
relevant experts (three researchers) in this field. Disa-
greements between researchers regarding the inclusion 
criteria were resolved by discussion and consulting. Name 
of authors, year of study, country, continent, method, type 
of study, number of women and men, number of samples, 
age, and considered genes (ApaI (A/a), BsmI (B/b), FokI 
(F/f), and TaqI (T/T)) were selected for data extraction. 

All data was interested in an Excel file version 2010. In 
the end,  information was analyzed by a statistics consult-
ant. 

For the quality control of the articles, accreditation of 
studies, as well as the ability to generalize the results in 
society, strengthening the reporting of observational stud-
ies in epidemiology (STROBE) checklist 
(https://www.strobe-statement.org/checklists/) was used 
(file:///C:/Users/Pascal/Downloads/STROBE-checklist-
v4-combined.pdf). In the STROBE checklist, there are 
recommendations to clarify the design, implementation 
method, and findings of observational studies and to im-
prove the reporting of observational studies (23, 24). 
PRISMA guideline is used for checking the risk of bias in 
each of the searched studies. Different stages in assessing 
the risk of bias in individual studies were performed ac-
cording to the protocol (Table 1) (25-27). 

 
Inclusion and exclusion criteria of primary studies 
The inclusion criteria included studies that were in Eng-

lish or other languages with English abstracts with clear 
results (all necessary variables were checked, and the re-
sults are mentioned in the abstract). The types of studies 
were published in the form of an original article (observa-
tional studies (case-control, cross-sectional) and reported 
the prevalence of the desired cases (Patients with VDR 

 
Table 1. Stages used for checking  the risk of bias in each of the searched studies (27) 
Stages in risk-of-bias 
assessment 

Specific steps 

1. Develop a protocol • Quality assessment, risk of bias, and concepts should be determined.  
• The inclusion of specific risk-of-bias criteria and the choice of specific risk-of-bias rating tool(s) should 

be stated and justified, respectively. Introduce and specify the tools used to assess bias and the research-
specific bias standards and operational definitions that justify the bias assessment criteria. The author 
should clarify how the risk of bias measures were summarized to obtain a low, moderate, high, or unclear 
risk of bias for individual outcomes. How to use the scales should be specified. For example, numerical 
scores lead to risk-of-bias categories. The author should determine how inconsistencies between pairs of 
risk of bias reviewers. The author should determine how the synthesis of the evidence will comprise an 
assessment of the risk of bias and how the studies with high or obscure risk of bias will or won't be used 
in the synthesis of the evidence.  

2. Pilot test and train • The review team should be selected, and at least two reviewers are required to figure out the risk of bias 
in each study. A third reviewer resolves conflicts between reviewers. Train reviewers 

• Evaluation of a pilot scale of risk of bias instruments using a small subset of studies that represent the 
range of risk of bias in the evidence base should be considered. Identify problems and issues, then use 
the appropriate tools to solve the problems.  

3. Assess the risk of bias 
in individual studies 

• The design of each study should be determined. Each risk of bias measure should be reviewed by prese-
lected appropriate criteria for that study design and each prespecified outcome. Make a judgment about 
the overall risk of bias for each outcome, taking into account the conduct of the study. Classify the risk of 
bias in study design (low, moderate, high, or unknown), documentation of reasons for judgment, and 
process of finalizing judgment. The author should resolve disagreements in judging and record final rat-
ings for each outcome. 

4. Use assessment of the 
risk of bias in the synthe-
sis of evidence 

• Conduct preplanned analyses 
• Consider additional required analyses 
• The author should include risk of bias assessment in quantitative/qualitative synthesis. Study design cat-

egories should be kept separate. 

5. Report assessment of 
risk of bias process and 
limitations 

• Cite reports on validation of the selected tool(s), the assessment of the risk of bias process (summarizing 
from the protocol), and limitations to the process 

• Implement measures to improve the reliability assessment of the risk of bias 
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gene polymorphisms suffering from pulmonary TB).  The 
exclusion criteria also included the following studies: low 
quality that did not report the desired index, meta-analysis 
and review studies, letters to the editor, abstracts of arti-
cles presented in the congress, articles whose full text was 
not available, articles with unknown study time, and arti-
cles with insufficient sample size. The opinion was not 
specified in it (23, 24). 

 
Data analysis method 
The final information was summarized and entered into 

STATA 14 software. To check the heterogeneity more 
precisely, the I2 test was also used. If the heterogeneity of 
the studies was low after the qualitative examination, the 
Q test (P < 0.10) with the Chi-squared (χ2)  heterogeneity 
statistical test was used, and finally, a meta-analysis was 
performed (9, 23).  

According to the results of the heterogeneity of the stud-
ies, two statistical models, the fixed effects model and the 
random effects model, were used for data analysis at a 
confidence interval (CI) level of 95%, then the Meta and 
Metan commands, the combined values of the meta-
analysis in the fixed model or random effects were esti-
mated, which is the common model used in the combina-
tion of research and heterogeneous studies, in meta-
analysis. Also, a weighted mean was used to determine the 
arithmetic mean of unequal and unbalanced data sets and 
the effect size (ES) (as evaluated index) of the effects 
along with the CI to measure the relationship of the data 
more effectively. The Meta command was used in both 
fixed and random models. The Metan command was also 

used for discrete and continuous quantitative data and is 
very similar to the Meta command. By executing this 
command, the results of the combined studies and the 
weighted value of the target index were estimated with the 
corresponding CI. The weight that was applied in this pro-
cess for each research in calculating the weighted average 
in random effect meta-analysis was obtained in two steps: 
weighting with the inverse of the variance and weighting 
using the variance component of the random effect. A 
cumulative meta-analysis was also performed using the 
Metacum command, and the purpose of this analysis was 
to show the time course of the results of the studies. To 
show the effect of each study on the final result, a simple 
sensitivity analysis was also performed using the Metainf 
command. Meta-regression (The results of metaregression 
were not significant, so they were not reported in this pa-
per) was also performed in subgroups to evaluate the het-
erogeneity (Heterogeneity was assessed using a random 
effects model, but the high level of heterogeneity among 
studies may be related to uncontrolled intervening factors) 
between studies such as the year of publication of the 
study and qualitative confounding factors that might affect 
the prevalence. Meta-regression also was done to find the 
actual source of heterogeneity, but the results were not 
significant. All two-sided statistical tests were considered 
with α=0.05 (18, 23, 24). 

 
Results 
Overview of search in studies 
After the initial search in electronic databases, 116 arti-

cles were reviewed. Based on the exclusion and inclusion 

 
 
Figure 1. Flow diagram of the selection process of studies at present systematic review and meta-analysis 
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criteria, 44 articles were excluded, and 72 of them were 
included in this study (Figure 1).  

 
Data information 
After completing the exclusion and inclusion procedures 

and data extraction, 34 articles were selected for final 
analysis (28-61). A higher rate of ApaI (50%), BsmI 
(68.40%), FokI (60%), and TaqI (91.40%) polymorphisms 
was observed in studies performed by Rashedi et al. 2014 
in Iran (30), Sinaga et al. 2014 in Indonesia (48), Ma-
rashian et al. 2010 in Iran (29) and Wu et al. 2015 in Chi-
na (50). Also, research performed by Rizvi et al. 2016 in 
India (32), Sari et al. 2022 in Indonesia (56), Acen et al. 
2016 in Uganda (52), and Zhang et al. 2022 in Turkey 
(61) showed a lower rate of ApaI (19.20%), BsmI 
(0.56%), FokI (7.30%) and TaqI (0.27%), respectively 
(Table 2). 

 
Results of studied polymorphisms  
Considering that the CI was not considered as 1 (This is 

while the more this CI number is away from 0.5, the less 
likely it is to be true), other polymorphisms showed a sig-
nificant relationship with susceptibility to pulmonary TB 
(P = 0.000). Study design, subjects, and outcomes affect 
the heterogeneity of studies in a meta-analysis. The results 
of significant heterogeneity were considered as I2<50%. In 
this study, significant heterogeneity (P = 0.000) was seen 
between studies in polymorphisms. According to Egger 

and Begg tests, there was no publication bias to gene pol-
ymorphisms. Due to the existence of more than 50% het-
erogeneity in all studied polymorphisms, the random ef-
fects model was used. Sensitivity analysis was performed 
by sequentially removing each study. The combined OR 
after removing each study did not significantly deviate 
from the sequential removal; these materials indicated 
strong results in terms of statistics. TaqI gene polymor-
phisms (95% CI: 0.34-0.77, P = 0.000, ES = 56%) were 
the most frequent among all studies. ApaI (95% CI: 0.31-
0.48, P = 0.000, ES = 39%) and BsmI  (95% CI: 0.24-
0.50, P = 0.000, ES = 37%) gene polymorphisms rates 
were lower than the TaqI and FokI (95% CI: 0.39-0.46, P 
= 0.000, ES = 43%) (Table 3). 

 
Results of TaqI gene polymorphisms  
Wu et al. 2015 (95% CI: 0.86-0.95, ES = 91%, Weight: 

4.78) (50) and Zhang et al. 2022 (95% CI: 0.01-0.03, ES = 
0.02%, Weight: 4.79) (61) showed the highest and the 
lowest rate of TaqI gene polymorphisms among all stud-
ies, respectively (Figure 2). 

 
Results of ApaI gene polymorphisms  
Rashedi et al. 2014 (95% CI: 0.40-0.60, ES = 50%, 

Weight: 9.67) (30) and Silva-Ramírez et al. 2019 (95% 
CI: 0.43-0.55, ES = 49%, Weight: 10.58) (35) showed the 
highest rate of ApaI gene polymorphisms among all stud-
ies, and Rizvi et al. 2016 (95% CI: 0.19-0.13, ES = 19%, 

 
Table 2. Data extraction related to systematic review studies and meta-analysis related to polymorphism of VDR genes in people with pulmonary TB 
Reference Author Year 

of 
Study 

Country Continent Method Type of 
Study 

Women 
(%) 

Men 
(%) 

Number 
of 

samples 

Age 
(M± SD) 

ApaI 
 

(A/a) 
(%) 

BsmI 
(B/b) 
(%) 

FokI 
(F/f) 
(%) 

TaqI 
(T / 
T) 

(%) 
28 Tajik et al. 2009 Iran Asia PCR-SSP Case-

Control 
ND ND 96 ND 44 44 52 40 

29 Marashian et 
al. 

2010 Iran Asia PCR- RFLP Case-
Control 

48.20 58.80 164 ND 22 58 60 52 

30 Rashedi et al. 2014 Iran Asia PCR- RFLP Case-
Control 

40.47 59.25 84 ND 50 32.14 39.30 41.67 

30 Rashedi et al. 2014 Iran Asia PCR - RFLP Case-
Control 

40.47 59.25 84 ND 50 ND ND ND 

31 Fernández-
Mestre et al. 

 

2015 Venezuela Americas PCR - RFLP Case-
Control 

44 56 93 ND ND ND 50.50 59.30 

32 Rizvi et al. 2016 India Asia PCR-sequencing Case-
Control 

ND ND 130 13.38 19.20 ND ND 70.80 

33 Siregar et al. 2017 Indonesia 
 

Asia PCR - RFLP Case-
Control 

30.30 69.70 76 ND 47.20 ND 32 ND 

34 Zhang et al. 2018 China Asia Conventional 
PCR 

Case-
Control 

32.69 67.30 52 38.02±13.40 32.70 7.70 36.50 90.40 

34 Zhang et al. 2018 China Asia Conventional 
PCR 

Case-
Control 

23.43 76.56 128 38.02±16.37 39.10 11.70 47.70 88.30 

35 Silva-Ramírez 
et al. 

2019 Mexico Americas Fast Real-Time 
PCR System 

Case-
Control 

35 65 257 4.26±18.45 48.60 37.30 45.30 51.30 

36 Kang et al. 2011 South 
Korea 

Asia PCR amplifica-
tion 

Case-
Control 

42.58 57.41 155 ND ND 8.67 56.31 89.93 

37 Ates et al. 2011 Turkey Asia PCR- RFLP Case-
Control 

38 62 128 6.84±26.47 ND 53 47 38 

38 Rathored et al. 2012 India Asia PCR- RFLP Cross-
sectional 

35.59 64.40 354 4.50±10.27 ND 40 51 42 

38 Rathored et al. 2012 India Asia PCR- RFLP Cross-
sectional 

28.80 71.89 338 37.40   ± 9.60 ND 61 34 42 

39 Salimi et al. 2015 Iran Asia PCR- RFLP Case-
Control 

62.50 37.50 120 7.50±19.51 ND 55 37 43 

40 Joshi et al. 2014 India Asia PCR- RFLP Case-
Control 

68 38 110 ND ND 52.73 41.82 ND 

41 Singh et al. 2011 India Asia PCR- RFLP Case-
Control 

39.60 60.40 101 38.66 ± 2.69 ND 51.49 39.60 60.40 

42 Al-Tamim et 
al. 

2016 Iraq Asia PCR- RFLP Case-
Control 

37.09 62.91 62 12.62 ±8.82 ND 12.90 35.48 87.10 

43 Zhang et al. 2010 China Asia PCR - RFLP Case-
Control 

56.36 43.63 110 33.80 ND ND 39.09 ND 

44 Wu et al. 2013 China Asia PCR- RFLP Case-
Control 

ND ND 2013 ND ND ND 45.10 89.10 

45 Asgharzadeh 
et al. 

2014 Iran Asia PCR- RFLP Case-
Control 

40.78 59.21 76 ND ND ND 39.30 ND 
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Weight: 10.70) (32) showed the lowest rate (Figure  3). 
 
Results of BsmI gene polymorphisms  
The random model about BsmI in the studied population 

showed that the higher rate of gene polymorphisms was 
related to Sinaga et al. 2014 (95% CI: 0.57-0.78, ES = 
68%, Weight: 6.14) (48) and the lowest rate of it was re-
lated to Sari et al. 2022 (95% CI: 0.00-0.04, ES = 0.01%, 
Weight: 6.38) (56) (Figure 4). 

 
Results of FokI gene polymorphisms  
The highest and lowest rate of FokI polymorphisms 

were observed in Marashian et al. 2010 (95% CI: 0.52-
0.67, ES=60%, Weight: 3.70) (29) and Acen et al. 2016  
(95% CI: 0.03-0.19, ES=0.07%, Weight: 3.62) (52), re-
spectively (Figure 5). 

 
 

Discussion 
Different polymorphisms have been determined in the 

sequences of the VDR gene, but the practical effect of 
these changes on the human body is still unclear. These 
genes play many important roles, such as synthesis, acti-
vation, delivery, and binding of the activated vitamin D. 
Vitamin D produces cathelicidin, which destroys the mi-
crobial membrane and has an antimicrobial effect. Vita-
min D deficiency is very common in patients with TB, and 
low serum vitamin D levels are more common in these 
patients (62-64). Research has shown that genetic factors 
are involved in 10% of patients who suffer from TB. 
Apart from environmental factors (such as bad economic 
conditions, malnutrition, stress, and bad health condi-
tions), the pathogenesis of TB can depend on biological 
factors such as the active metabolite of 1, 25-dihydroxy 
vitamin D. Vitamin D can increase immunity against M. 
tuberculosis infection by increasing phagocytosis through 

Table 2. Continued 
Reference Author Year 

of 
Study 

Country Continent Method Type of 
Study 

Women 
(%) 

Men 
(%) 

Number 
of 
samples 

Age 
(M± SD) 

ApaI 
 
(A/a) 
(%) 

BsmI 
(B/b) 
(%) 

FokI 
(F/f) 
(%) 

TaqI 
(T / 
T) 
(%) 

46 Sulaja et al. 2014 India Asia PCR- RFLP Case-
Control 

54.47 44.77 134 ND ND ND 33.58 ND 

47 Mahmoud et 
al. 

2014 Egypt Africa PCR and 
electrophoresis 

Case-
Control 

32.50 67.50 40 35.00±8.00 ND ND 50 ND 

48 Sinaga et al. 2014 Indonesia Asia PCR - RFLP Case-
Control 

30.30 69.70 76 ND 43.40 68.40 55.30 ND 

49 Karmila et al. 2015 Indonesia Asia PCR- RFLP Case-
Control 

46.66 53.33 30  ND ND 43.33 ND 

50 Wu et al. 2015 China Asia PCR- RFLP and 
SSCP 

Case-
Control 

ND ND 151 ND ND ND 46.40 91.40 

51 Škodrić-
Trifunović et 
al. 

2015 Serbia Europe 
 

PCR - RFLP Case-
Control 

35.45 64.54 110 60.33 ±17.82 ND ND 47 ND 

52 Acen et al. 2016 Uganda 
 

Africa PCR–direct 
sequencing 

Case-
Control 

26.80 73.20 41 34.20±12.00 ND ND 7.30 ND 

53 Sinaga et al. 2018 Indonesia Asia PCR- RFLP Case-
Control 

41.90 58.10 43 ND ND ND 53.50 ND 

53 Sinaga et al. 2018 Indonesia Asia PCR- RFLP Case-
Control 

26.80 73.20 56 ND ND ND 46.40 ND 

54 Panda et al. 2019 India Asia PCR- RFLP Cross-
sectional 

32 68 150 39.30  ± 8.10 ND ND 38.60 ND 

55 Harishankar 
et al. 

2017 India Asia PCR- RFLP Case-
Control 

ND ND 50 39.70±10.10 ND ND ND 42 

56 Sari et al. 2022 Indonesia Asia  Real-Time PCR Case-
Control 

96 80 176 18-60 ND 0.56 57.95 5.68 

57 Yu et al. 2023 China Asia  Multiplex PCR Case-
Control 

109 112 221 ND ND ND ND 16.28 

58  Marpaung et 
al. 

2021 Indonesia Asia  PCR-RFLP Case-
Control 

18 47 65 18-65 ND ND 44.61 ND 

59 Hussein et al. 2023 Egypt Africa PCR-RFLP Case-
Control 

64 136 200 0-14 ND ND ND 94 

60 Sibuea et al. 2023 Indonesia Asia  PCR-RFLP Case-
Control 

ND ND 32 ND ND ND ND ND 

61 Zhang et al. 2022 China Asia  PCR-RFLP Case-
Control 

298 433 731 ND ND ND ND 0.27 

 
 
 

 
Table 3. The results of a meta-analysis of studied polymorphisms, degree of heterogeneity between studies, and publication bias 
Gene Polymor-
phisms 

Number 
of Cases 

in all 
Articles 

Pooled 
Mean 
Effect 
Size 
(ES) 

Confidence Inter-
val (CI) 95% for 

ES (Lower –
Upper) 

Z-
Statistic 
for ES 

P-Value 
for ES 

I2 (Degree of 
Heterogeneity) 

Publication 
Bias-Test 

Begg, Egger 
P-Value Test 

Model 

ApaI (A/a) 10 39% (0.31- 0.48) 9.30 0.000 88.8% 0.221 Random 
Effect 

BsmI (B/b) 14 37% (0.24- 0.50) 5.52 0.000 98.9% 0.392 Random 
Effect 

FokI (F/f) 28 43% (0.39- 0.46) 23.48 0.000 83.23% 0.537 Random 
Effect 

TaqI (T / T) 17 56% (0.34- 0.77) 5.17 0.000 99.8% 0.211 Random 
Effect 

* Z-Statistic for ES =0 
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activation of macrophages and regulation of the innate and 
acquired immune system (65, 66). Results of determining 
the polymorphism frequency of VDR genes in our study 
found that TaqI gene polymorphism was the most frequent 
(ES of 56%). A higher rate of ApaI (50%) also was ob-
served in Rashedi et al. 2014 in Iran (30). In 2011, Su et 
al. showed that the VDR gene is an early prospect gene 
for TB vulnerability, but the results of several studies are 
somewhat contradictory. Therefore, further investigation 
into the relationship between gene polymorphisms and the 
risk of pulmonary TB seems necessary. In the study per-

formed by Su et al., it was found that Fok I polymorphism 
(OR=1.12) had a definite relationship with susceptibility 
to pulmonary TB. Fok I polymorphism of the VDR gene 
may have a high-risk role in pulmonary TB (65). Sadykov 
et al. 2020 showed that TB infection has been able to 
cause one of the most important health problems in socie-
ty and also created a significant economic burden in Asian 
countries. Recent findings show that the amount of pro-
cesses related to immunity and host defense against M. 
tuberculosis is influenced by various genes of the human 
genome, including genes that play a role in vitamin D 

 
Figure 2. Frequency results of TaqI gene polymorphisms with a combined ES of 56% 

 
 
Figure 3. Frequency results of ApaI gene polymorphisms with a combined ES of 39% 
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metabolism. Similar to our results, Sadykov et al. showed 
a significant relationship between polymorphism of Bsm I 
(OR = 0.425, 39%) and Taq I (OR = 0.443, 62%) in pa-
tients suffering from pulmonary TB. In our study, TaqI 
and BsmI gene polymorphisms were found at 56% and 
37%, respectively, and a significant relationship between 
TaqI and BsmI gene polymorphisms with pulmonary TB 
was found, too. So, genetic variation in VDR genes can 
affect susceptibility to pulmonary TB. These findings can 
provide researchers with initial clues to understand indi-
vidual genetic differences in pulmonary TB susceptibility 
(67). Sari et al., in 2022, found a significant relationship 
between Vitamin D levels and patients suffering from TB. 
Vitamin D deficiency was observed in 85.1% of TB pa-
tients with VDR gene polymorphisms (56). In a research 
conducted in 2013 by Wu et al., the study of genetic 
changes in the VDR gene and its effect on the risk of TB 
was investigated. In Wu et al. study, contrary to the results 
of other studies, the association between BsmI VDR gene 
polymorphisms according to allele model (b versus (vs). 
B: OR  = 0.78), homozygote model (bb vs. BB: OR  =  
0.61), recessive model (bb vs. Bb+BB: OR  =  0.70) and 
dominant model (bb+Bb vs. BB: OR  =  0.77) was associ-
ated with a reduced risk of pulmonary TB in the Asian 
population. The frequency of VDR polymorphisms, the 
presence and/or absence of the relationship between this 
type of polymorphism or susceptibility to pulmonary TB 
is different based on the race and genotype of the studied 

population, methods, and also sampling. Also, gene poly-
morphisms are complex and fluctuating, mostly attributed 
to different ethnic groups. In addition, the burden of pul-
monary TB is geographically highest in Asia and Africa 
(68). In our study, a higher rate of ApaI (50%), BsmI 
(68.40%), FokI (60%), and TaqI (91.40%) polymorphisms 
was observed in Iran (30), Indonesia (48), Iran (29), and 
China (50).   In the study of Protas et al. in 2023, it was 
shown that the VDR polymorphism frequency may de-
pend on ethnicity (69). The TB report of the World Health 
Organization (WHO) has shown that the yellow-skinned 
race is more susceptible to TB than the black and white-
skinned race. Also, several environmental factors can af-
fect the VDR gene expression levels, including food hab-
its, intensity, and hours of sunlight are also effective on 
this factor (68). Mohammadi et al. in 2020 showed that 
FokI and ApaI polymorphisms did not show any signifi-
cant effect on the development of pulmonary TB in Irani-
an populations, but TaqI (Allele comparison (OR: 1.57), 
additive model of tt/TT (OR: 1.57), recessive model (tt/Tt 
+ TT) (OR: 1.99) and dominant model (tt + Tt/TT) (OR: 
1.98)) and BsmI (Dominant genotype (bb + bB/BB) (OR: 
1.44)) had a significant effect on the risk of pulmonary TB 
(70).  

In the study conducted by Marpaung et al. in 2021, FokI 
polymorphisms, including FF (41.5%), ff (44.6%), and ff 
(13.8%) were found in patients with pulmonary TB. How-
ever, there was no significant relationship between FokI 

 
 
Figure 4. Frequency results of BsmI gene polymorphisms with a combined ES of 37% 
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polymorphism and pulmonary TB  (58). Yu et al. in 2023 
reported that allele and genotype frequencies of Fok I, Taq 
I, Apa I, and Bsm I, in VDR were not related to TB sus-
ceptibility (57). Also, in our study, ApaI, BsmI, TaqI, and 
FokI gene polymorphisms were found in patients suffering 
from pulmonary TB. However, the effects of these genes 
should be assessed in a larger sample size. In the mean-
time, the relationship between polymorphism of VDR and 
susceptibility to pulmonary TB may be moderated by host 
vitamin D status. Vitamin D deficiency in the body may 
increase the risk of developing pulmonary TB. Also, in 
some studies, TaqI has not played any role in the devel-
opment of TB and it is not present in the population with a 
high frequency of TB, so more research is needed to be 
considered (68). On the other hand, the contradictory re-
sults presented in different studies and the individual high-
risk genotypes proposed in each population may be due to 
the selection of patients from different populations, differ-
ent races, types of nutrition, and living environments or 
geographic regions (71-73). Types of vitamin D also may 
play a different role in each population. In each study, the 
diversity of the genetic background among each ethnicity 
and the genotypes and allelic frequencies of vitamin D 
polymorphisms are other effective factors in the amount 

and relationship of vitamin D polymorphisms and the risk 
of TB (68). This study has some limitations. Articles used 
in the present study were limited to ten years and some 
countries. Some other VDR genes should be considered,  
and the results should be compared together. To check 
keywords according to Emtree, a formal university ac-
count was needed. This account was not available to us. 
On the other hand, this analysis is done using statistical 
methods to summarize independent studies to find the 
exact form of the relationship between the investigated 
variables. Meta-analysis results are one of the most relia-
ble research methods in the field of evidence-based medi-
cine. It is a synthesis and combination of different studies 
that exist on a specific topic and provides the possibility 
of strengthening and clarifying the results of different 
studies. This is an essential method for the synthesis of 
studies and it allows us to provide an accurate and univer-
sal answer according to all current knowledge.  

 
Conclusion 
A higher rate of ApaI, BsmI, FokI, and TaqI polymor-

phisms was observed in Iran, Indonesia, Iran and China, 
respectively. Significant heterogeneity was observed be-
tween studies in terms of polymorphisms. TaqI gene pol-

 
 
Figure 5. Frequency results of FokI gene polymorphisms with a combined ES of 43% 
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ymorphisms were the most frequent in the studies. The 
highest rate of TaqI, ApaI, BsmI, and FokI gene polymor-
phisms among all studies was shown by studies in 2015, 
2014, 2014, and 2010, respectively. According to the re-
sults, it seems that investigations of patients suffering 
from TB in terms of polymorphism of these genes are 
needed. Also, to control this disease, it is necessary to 
prescribe vitamin D and take it under the supervision of a 
related specialist. 
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