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Abstract

Objectives: We aimed to analyze potential associations betw&amin D receptor
(VDR) genetic variants and tuberculosis (TB) througheda-analysis.

Methods: Systematic literature research of PubMed, Web aérge, Embase and
CNKI was performed to identify eligible articlesta8stical analyses were conducted
by using Review Manager

Results: Totally 54 studies were enrolled for analyses. Pdobverall analyses
suggested thaV/DR rs1544410 (dominant modeb=0.02; allele modelp=0.04),
rs2228570 (recessive modek0.01; allele modelp=0.03) and rs731236 (recessive
model: p=0.02; allele modelp=0.02) variants were significantly associated Wi
Further subgroup analyses by ethnicity revealed #s4544410 variant was
significantly associated with TB in South Asian®rfdnant and allele models) and
Caucasians (dominant, recessive and allele modet)228570 variant was
significantly associated with TB in East Asianscégsive model), and rs731236
variant was significantly associated with TB in 8oAsians (dominant, recessive and
allele models).

Conclusions: Our meta-analysis suggested tAdADR rs1544410, rs2228570 and

rs731236 variants might serve as genetic biomakers in certain populations.

Keywords: Vitamin D receptor ({DR); Gene variants; Tuberculosis (TB);

Pulmonary tuberculosis (PTB); Extrapulmonary tubtrsis (EPTB); Meta-analysis



1. Introduction

Tuberculosis (TB) is a commonly seen chronic infect disorder, and it could
manifest as pulmonary tuberculosis (PTB) or exti@pmary tuberculosis (EPTB) [1].
Despite rapid advancements achieved in early deigramd pharmacological therapy
over the past few decades, TB remains a seriouscfhgalth problem. According to
a recent investigation, over 30% of the generalufadjon is currently infected with
mycobacterium tuberculosis (MTB), and around 5%-1Q@% these infected
individuals will eventually develop active TB [2]'he course of MTB infection
depends on a complex interaction of pathogen, aondtenvironmental factors, and
the fact that only a small portion of infected widuals finally develop active TB
suggests that host genetic background may playueiatrrole in its development
[3-4].

Recently, some of evidences supported that vitddnimetabolic pathway might
be involved in the pathogenesis of TB. First, poegi epidemical investigations found
that vitamin D deficiency was much more prevalentpatients with TB, and the
serum level of vitamin D was reversely correlatathwlisease severity [5-7]. Second,
it was evident that vitamin D supplement gainednfribod intake or exposure to
sunlight would benefit the treatment of TB [8]. Woais experimental studies showed
that vitamin D could be activated byo-hydoxylase that was expressed by

macrophages and other immune cells, and the adiven of vitamin D,



1,25-dihydroxyvitamin D 3, could activate macropbagnd promote elimination of
MTB by binding with vitamin D receptor (VDR), whictould subsequently lead to
induction of the antimicrobial peptide cathelicidamd killing of intracellular MTB

[9-11].

binding—with—vitamin—b—recepter(VBR). Consequently is possible thatvDR

variants, which may result in diminished functioh otamin D, might also be
involved in the development of TB.

To date, numerous studies already investigatednpateassociations between
VDR variants and TB. However, the results of theselistuwere not consistent,
especially when they were conducted in differergydations. Previous studies failed
to reach a consensus regarding associations beM2RBrvariants and TB patrtially
because of their relatively small sample sizes.sThue performed the present
meta-analysis to explore the relationship betweBiR variants and TB in a larger
pooled sample size. Additionally, we also aimeceliacidate the potential effects of

ethnic background on associations betwéBR variants and TB—Fe-date—seme-pilot

2. Materials and Methods

2.1 Literature search and inclusion criteria



This meta-analysis followed Preferred Reportingnkefor Systematic Reviews and
Meta-analyses (PRISMA) guideline [12]. Potentiafiglated literatures published
prior to January 2019 were retrieved from PubMe@bVeéf Science, Embase and
CNKI using the following searching strategy: (VitemD receptor OR VDR) AND
(polymorphism OR variant OR mutation OR genotype &Ble) AND (tuberculosis
OR TB). We also checked the references of enrodditles to identify other
potentially relevant studies.

To test the research hypothesis of this meta-aisaliy€luded studies must meet
all the following criteria: 1. case-control study associations betwe&R variants
and TB; 2. provide genotypic and/or allelic freqognf investigated/DR variants in
cases and controls; 3. full text in English or @&si@ available. Studies were excluded
if one of the following criteria was fulfilled: ot relevant to/DR variants and TB; 2.
case reports or case series; 3. abstracts, revawsmnents, letters and conference
presentations. For repeated reports, we only irclubte study with the largest sample

size for analyses.

2.2 Data extraction and quality assessment

We extracted following data from included studi@y:the name of the first author; (2)
publication time; (3) country and ethnicity; (4)ngale size; and (5) genotypic
distribution of VDR variants in cases and controls. The probabilitye/gp value) of
Hardy-Weinberg equilibrium (HWE) was also calcutht®/hen necessary, we wrote

to the corresponding authors for raw data. We tisedNewcastle-Ottawa scale (NOS)



to assess the quality of eligible studies [13].sTétale has a score range of zero to
nine, and studies with a score of more than sewene whought to be of high quality.
Data extraction and quality assessment were peeitoy two independent reviewers.
Any disagreement between two reviewers was solyedistussion until a consensus

was reached.

2.3 Satistical analyses

We used Review Manager Version 5.3.3 (The Cochi@okaboration, Software
Update) to conduct statistical analyses. We caledladds ratios (ORs) and 95%
confidence intervals (Cls) to estimate strengtlaggociations in all possible genetic
models, ang values< 0.05 were considered to be statistically signific& test and
|12 statistic were employed to assess between-studyduyeneities. Ip value of Q test
was less than 0.1 of Was greater than 50%, random-effect models (REMs)d be
used to pool the data. Otherwise, fixed-effect nedEEMSs) would be applied for
synthetic analyses. Subgroup analyses by ethro€iparticipants and type of disease
were performed. Stabilities of synthetic resultsraveevaluated with sensitivity

analyses, and publication biases were evaluatédfuninel plots.

3. Results

3.1 Characteristics of included studies

We found 421 potential relevant articles. Amongstharticles, totally 54 eligible



studies were finally included for pooled analyssee( Fig. 1). The NOS score of
eligible articles ranged from 7 to 8, which indeithat all included studies were of

high quality. Baseline characteristics of includtaldies were shown in Table 1.

3.2 Overall and subgroup analyses

Pooled overall analyses suggested ¥iaR rs1544410 (dominant modegd: = 0.02,
OR = 0.79, 95%CI 0.65-0.96; allele model= 0.04, OR = 0.87, 95%CI 0.76-0.99),
rs2228570 (recessive modpl= 0.01, OR = 1.30, 95%CI 1.06-1.59; allele moget:
0.03, OR = 0.88, 95%CI 0.78-0.99) and rs731236egsiwe modelp = 0.02, OR =
1.39, 95%CI 1.06-1.81; allele model= 0.02, OR = 0.87, 95%CI 0.77-0.98) variants
were significantly associated with TB.

Further subgroup analyses by ethnicity revealed thh544410 variant was
significantly associated with TB in South Asian®rdnant and allele models) and
Caucasians (dominant, recessive and allele modet)228570 variant was
significantly associated with TB in East Asianscégsive model), and rs731236
variant was significantly associated with TB in 8oAsians (dominant, recessive and
allele models). When we stratified data by typeddfease, positive results were
detected for rs2228570 variant in PTB (dominantessive and allele models) and
EPTB (recessive, over-dominant and allele modalfgsoups, and for rs731236
variant in PTB (recessive model) subgroup. No athero positive findings were

observed in overall and subgroup analyses (see Padhd Supplementary figure 1).



3.3 Sensitivity analyses
We performed sensitivity analyses to test stabgitof pooled results by excluding
studies that violated HWE. No any altered resulerewvobserved in overall and

subgroup comparisons, which indicated that ourifigsl were statistically stable.

3.4 Publication biases
We used funnel plots to assess publication bidedid not find obvious asymmetry
of funnel plots in any comparisons, which suggesitati our findings were unlikely to

be impacted by severe publication biases.

4. Discussion

To the best of our knowledge, this is so far theshoomprehensive meta-analysis on
roles of VDR variants in TB, and our pooled analyses suggdbsd/DR rs1544410,
rs2228570 and rs731236 variants were all signiflgaassociated with TB in certain
ethnicities. There are two possible explanations dar positive findings. First,
genetic variations of th¥DR gene may lead to alternations in gene expression o
changes in VDR protein structure, which may subsetiy affect biological functions

of vitamin D and ultimately impact individual suptiility to TB. Second, it is also
possible thatvDR variants may be linked to each other or even tinke other
unidentified genes, which could also impact indixatisusceptibility to TB.

Fhere—are Several points are worth noting whenrpnééing our findings—that



need-to-be-addressed-abeout-this-meta-analysislyFatthough the investigatedDR
variants were intensively analyzed with regardhirtpotential associations with TB,
the functional significances of these variants war not well established [14-15],
and thus future investigations are warranted tologgpthe underlying molecular
mechanisms of our positive findings. Secondly, paghogenic mechanism of TB is
highly complex, and therefore it is unlikely thatsingle genetic variant could
significantly contribute to their development. So better illustrate potential
associations of certain genetic variants with TR strongly recommend further
studies to perform haplotype analyses and explotenpial gene-gene interactions.
Thirdly, it should be noted that two recent metatgses conducted by Huang et al
[16] and Cao et al [17] also tried to explore ptisnassociations betweeviDR
variants and TB. However, our findings are morectusive than that of previous
meta-analyses, and the current meta-analysis asnal&ch more comprehensive than
these two works because the following two poinfs,many related studies were
published in the last three years. Therefore, atatgometa-analysis is warranted and
the sample sizes of our analyses were also signific larger than previous
meta-analyses, which could significantly reducertble of obtaining false positive or
false negative results; 2) These two previous ragtdyses only focused on one
common investigate®DR variant in TB (Fokl rs2228570), while our meta-yses
explored associations between four comm@R variants and TB. So our work
should be considered as a valuable supplementark e these two previous

meta-analyses, and it should also be considerea significant improvement over
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pre-existing literatures.

As with all meta-analysis, this study certainly tssne limitations. First, our
results were based on unadjusted analyses, andftdckther adjusted analyses for
potential confounding factors might impact theabhility of our findings [18]. Second,
associations betwe@&rDR variants and TB might also be modified by geneegand
gene-environmental interactions. However, most ildkg studies ignore these
potential interactions, which impeded us to perfamtevant analyses accordingly
[19-20]. Third, only retrospective case-control dsés were included in this
meta-analysis, and thus direct causal relation éetwinvestigated variants and TB
could not be established [21]. On account of abowntioned limitations, our
findings should be cautiously interpreted.

In conclusion, our meta-analysis suggested MR rs1544410, rs2228570 and
rs731236 variants might serve as genetic biomar&efEB in certain populations.
However, further well-designed studies are stilllnaated to confirm our findings.
Moreover, future investigations also need to explpotential roles of otheVDR

variants in the development of TB.
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Fig. 1. Flowchart of study selection for the presdrstudy.



Table 1. The characteristics of included studies.

Genotype distribution P-value for
First author, year Country Ethnicity Type of disea  Sample size NOS score
Cases Controls HWE
Apal rs7975232 AA/AC/CC
Alagarasu 2009 India South Asian PTB 185/146 7299/ 44/81/21 0.096 7
Arji 2014 Morocco Caucasian PTB 274/203 NA NA NA 7
Babb 2007 South Africa African PTB 249/352 101/4w8/ 116/173/63 0.914 7
Bornman 2004 UK African PTB 343/634 152/153/38 26RI76 0.762 8
Devi 2018 India South Asian PTB 169/227 50/83/36 /1@8/49 0.225 8
Fernandez-Mestre 2015 Venezuela African PTB 89/101 27/42/20 29/54/18 0.062 7
Fitness 2004 UK African PTB 328/543 150/145/33 280146 0.391 7
Hu 2016 China East Asian PTB 217/383 NA NA NA 7
Jafari 2016 Iran South Asian PTB 96/122 33/44/19 /5361 0.285 7
Lee 2016 Taiwan East Asian PTB 198/170 103/78/17 /65826 0.416 8
Lombard 2006 South Africa African PTB 95/117 78m6/ 84/29/4 0.455 7
Olesen 2007 Gambia African PTB 320/345 150/145/25 61/150/34 0.913 8
Panwar 2016 India South Asian PTB 106/106 74/23/9 8/183 0.033 8
Panwar 2016 India South Asian EPTB 106/106 47/43/16 88/15/3 0.033 8
Rashedi 2014 Iran South Asian B 84/90 29/42/13 41802 0.292 8
Rizvi 2016 India South Asian PTB 130/130 96/25/9 2/P3/5 0.021 7
Rizvi 2016 India South Asian EPTB 130/130 69/44/17 102/23/5 0.021 7
Selvaraj 2004 India South Asian EPTB 64/103 20/35/9 39/49/15 0.951 7
Selvaraj 2009 India South Asian PTB 65/60 25/29/11 23/25/12 0.286 7
Sharma 2011 India South Asian PTB 478/857 191/255/3 395/401/61 0.002 7
Sgborg 2007 Tanzania African PTB 438/426 224/186/28 211/170/45 0.223 7
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0.829
0.460
0.864
0.829
0.831
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0.805
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NA
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0.013
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0.051
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Selvaraj 2004 India South Asian EPTB 64/102 27/28/9 40/48/14 0.947 7
Selvaraj 2009 India South Asian PTB 65/60 24/33/8 7122/12 0.050 7
Sharma 2011 India South Asian PTB 275/659 138/95/42  358/275/26 0.002 7
Shi 2017 China East Asian PTB 260/258 214/42/4 220/ 0.273 8
Singh 2011 India South Asian PTB 101/225 61/30/10 32/60/33 <0.001 7
Sgborg 2007 Tanzania African PTB 438/425 247/172/19  233/162/30 0.799 7
Vidyarani 2009 India South Asian PTB 40/49 15/18/7 27/18/4 0.686 8
Wilbur 2007 USA African PTB 156/496 61/85/10 251877 0.020 7
Wilkinson 2000 USA South Asian PTB 91/116 39/46/6 5/58/13 0.375 8
Wu 2015 China East Asian PTB 151/453 138/13/0 408/5 0.213 8
Xiang 2013 China East Asian PTB 198/195 157/37/4 0/49/6 0.504 7
Zhang 2018 China East Asian PTB 180/59 160/19/1 7182/ 0.628 8

Abbreviations: TB, Tuberculosis;

Not available.

PTB, Pulmonarydrtgulosis; EPTB, Extrapulmonary tuberculosis; HW&rdy-Weinberg equilibrium; NOS, Newcastle-ottawals; NA,



Table 2. Results of overall and subgroup analyses.

Polymorphisms Population Samplesize  Dominant comparison Recessive comparison Over-dominant comparison Allele comparison
P value OR (95%ClI) P value OR (95%ClI) P value OR (95%ClI) P value OR (95%ClI)
Apal rs7975232 Overall 4484/5559 0.36 0.92(0.76-1.11) 0.96 1.00 (0.87-1.15)  0.39 1.07 (0.92-1.24) 0.23 0.92 (0.80-1.05)
South Asian 1653/2126 0.10 0.75(0.54-1.06) 0.17 1.16 (0.94-1.42) 0.12 1.24(0.95-1.61) 0.06 0.78 (0.60-1.01)
East Asian 695/712 0.68 0.88(0.49-1.59) 0.91 1.03(0.62-1.71)  0.43 0.89 (0.66-1.19) 0.82 0.96 (0.68-1.35)
African 1862/2518 0.46 1.05(0.93-1.18) 0.20 0.88(0.72-1.07) 0.94 1.00 (0.89-1.14) 0.25 1.06 (0.96-1.16)
PTB 4000/5030 0.65 0.98(0.89-1.07) 0.43 1.06 (0.92-1.23) 0.35 1.05(0.95-1.15) 0.82 0.99 (0.93-1.06)
EPTB 400/439 0.26 0.53(0.18-1.60) 0.25 1.83(0.66-5.07)  0.25 1.64(0.71-3.78)  0.22 0.56 (0.23-1.41)
Bsml rs1544410 Overall 4715/5072 0.02 0.79 (0.65-0.96) 0.82 1.03(0.81-1.30)  0.09 1.18(0.97-1.43) 0.04 0.87 (0.76-0.99)
South Asian 2682/2839 0.01 0.70(053-092) 0.71 1.05(0.81-1.37)  0.07 1.31(0.98-1.75)  0.02 0.81 (0.68-0.96)
East Asian 528/312 0.29 0.78(0.49-1.23) 0.59 1.56 (0.32-7.64) 0.19 0.73(0.45-1.17) 043 0.84 (0.54-1.30)
African 1103/1638 0.42 1.07 (0.91-1.25)  0.06 0.74 (0.55-1.01) 0.85 1.02(0.87-1.19) 0.15 1.10 (0.97-1.24)
Caucasian 402/283 0.002 0.39(0.21-0.70)  0.005 4.20 (1.55-11.39) 0.43 1.25(0.72-2.19)  0.0002 0.46 (0.30-0.69)
PTB 4439/4799 0.06 0.83(0.68-1.01) 0.88 1.02(0.79-1.30) 0.16 1.16 (0.94-1.43) 0.13 0.90 (0.79-1.03)
Fokl rs2228570 Overall 7686/8661 0.11 0.89(0.78-1.03)  0.01 1.30(1.06-1.59) 0.91 1.01(0.90-1.12)  0.03 0.88 (0.78-0.99)
South Asian 2419/2795 0.18 0.86 (0.69-1.07)  0.15 1.40(0.89-2.20)  0.50 1.08(0.86-1.34) 0.13 0.88 (0.74-1.04)
East Asian 2926/3002 0.15 0.81(0.61-1.08)  0.03 141(1.04-191) 0.26 0.94 (0.85-1.05) 0.07 0.83 (0.67-1.02)
African 1739/2380 0.66 0.94 (0.70-1.25) 0.56 1.04(0.91-1.18) 0.70 0.97(0.85-1.11) 0.56 0.90 (0.65-1.27)
Caucasian 402/283 0.83 1.07 (0.61-1.87)  0.59 0.76 (0.29-2.02) 0.93 1.03(0.59-1.80) 0.82 1.03 (0.81-1.31)
PTB 7108/8073 0.007 0.83(0.73-0.95)  0.0007 142(1.16-1.73) 042 1.05(0.94-1.17)  0.0009 0.83(0.74-0.93)
EPTB 366/418 0.60 0.77(0.28-2.08) 0.01 1.89(1.14-3.15)  0.001 1.62(1.20-2.17) 0.26 0.70 (0.39-1.30)
Tagl rs731236 Overall 8847/9535 0.05 0.87(0.76-1.00)  0.02 1.39(1.06-1.81) 0.50 1.04(0.93-1.16)  0.02 0.87 (0.77-0.98)
South Asian 2924/2938 0.002 0.68(0.53-0.87)  0.004 1.79(1.20-2.65) 0.07 1.22(0.99-1.51)  0.0005 0.69 (0.55-0.85)
East Asian 2829/2557 0.63 0.96 (0.82-1.14) 0.14 1.51(0.87-2.64) 0.32 0.92(0.78-1.09)  0.99 1.00 (0.86-1.16)
African 2692/3757 0.19 1.07 (0.97-1.18)  0.79 0.96 (0.69-1.32)  0.40 0.96 (0.86-1.06)  0.50 1.04 (0.92-1.17)



Caucasian 402/283 0.91 1.03(0.58-1.84) 0.54 0.77 (0.33-1.79)  0.78 1.08(0.62-1.90)  0.93 0.99 (0.79-1.24)
PTB 8335/9027 0.23 0.92 (0.81-1.05) 0.04 1.35(1.02-1.80) 0.63 0.98 (0.91-1.06) 0.09 0.91 (0.81-1.02)
EPTB 384/428 0.08 0.48(0.21-1.09) 0.13 2.13(0.81-5.61) 0.08 1.75(0.93-3.28)  0.08 0.51 (0.24-1.08)

Abbreviations: OR, Oddsratio; Cl, Confidence interval; NA, Not available; PTB, Pulmonary tuberculosis; EPTB, Extrapulmonary tubercul osis.
The valuesin bold represent there is statistically significant differences between cases and controls.
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Highlights

1. This is so far the most comprehensive evidence-based meta-analysis on VDR
variants and TB.

2. Our pooled analyses suggested that VDR rs1544410, rs2228570 and rs731236
variants were al significantly associated with TB in certain ethnicities.

3. Futureinvestigations need to explore potentia roles of other VDR variantsin TB.



