Journal Pre-proof

4

Annals

orAllergy. Asthmaa Immunology

Vitamin D Receptor Gene Polymorphism and susceptibility to Asthma: meta-analysis
based on 17 case—control studies

Masoud Hassanzadeh Makoui, PhD, Danial Imani, PhD, Morteza Motallebnezhad,
PhD, Maryam Azimi, PhD, Bahman Razi, PhD

PII: S1081-1206(19)31299-2
DOI: https://doi.org/10.1016/j.anai.2019.10.014
Reference: ANAI 3053

To appearin:  Annals of Allergy, Asthma and Immunology

Received Date: 18 June 2019
Revised Date: 24 September 2019
Accepted Date: 14 October 2019

Please cite this article as: Makoui MH, Imani D, Motallebnezhad M, Azimi M, Razi B, Vitamin D Receptor
Gene Polymorphism and susceptibility to Asthma: meta-analysis based on 17 case-control studies,
Annals of Allergy, Asthma and Immunology (2019), doi: https://doi.org/10.1016/j.anai.2019.10.014.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2019 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights
reserved.


https://doi.org/10.1016/j.anai.2019.10.014
https://doi.org/10.1016/j.anai.2019.10.014

Title: Vitamin D Receptor Gene Polymorphism and susbéiyito Asthma: meta-analysis

based on 17 case—control studies

Running title: VDR gene polymorphism and Asthma risk

Authors and affiliations:

Masoud Hassanzadeh MakbuPhD:Danial Imant, PhD: Morteza Motallebnezhad’, PhD:;

Maryam AzimP®, PhD; Bahman RaZiPhD.

1- Department of Immunology, School of Public Healtehran University of Medical Sciences (TUMS), Tehra
Iran
2- Immunology Research Center, Tabriz University ofdMal Sciences, Tabriz, Iran

3- Student Research Committee, Tabriz University ofiidal Sciences, Tabriz, Iran
4- Department of Immunology, Faculty of Medicine, Ifdniversity of Medical Sciences, Tehran,

5- Department of Immunology, School of Medicine, Tehtiniversity of Medical Sciences (TUMS), Tehramnir

6- Immunology Research Center, Institute of Immunolegyl Infectious Diseases, Iran University of Metlica
Sciences (IUMS), Tehran, Iran

7- Department of Hematology and Blood Banking, SchoblMedicine, Tarbiat modares university (TMU),

Tehran, Iran.

Corresponding author: Bahman Razi, PhD.

Department of Hematology and Blood Banking, Scladdedicine, Tarbiat modares university (TMU), Nort

Kargar Av, Tehran 14117, Iran.

Tel: +9821-6692-9217
Fax: +9821-6692-9218

E-mail: b.razi@modares.ac.ir

Conflicts of interest:




None

Funding Sour ce:

None

Keywords:

Vitamin D receptor; asthma; meta-analysis; polyrhism

Abbreviations:

VDR: vitamin D receptor

SNP: Single nucleotide polymorphisms

IL: Interleukin

PRISMA: Preferred Reporting Items for Systematidgees and Meta-Analyses

NOS: Newcastle-Ottawa Scale

RXR: Retinoid X receptor

Word count:

3571

Number of figures:

Number of tables;



19-06-0303R1

Background: During the last decade, several studies have evaluated the potential
association between vitamin D receptor (VDR) gene polymorphism and susceptibility to
asthma. In spite of valuable finding, the results are still contradictory. Therefore, a
comprehensive meta-analysis not only solves discrepancies but provides a clue for
future projects.

Objective: This meta-analysis was performed to identify whether VDR
gene polymorphisms (Fokl (rs2228570) or / and Taql (rs731236) or / and Bsml
(rs1544410) or / and Apal (rs7975232)) play role in the risk of asthma.

Methods: The electronic search of web of science, Scopus, and PubMed databases were
systematically conducted from their inception until Jun 2019, to identify all published
studies. Eligibility of studies was confirmed by precise inclusion and exclusion criteria
and the resultant studies were analyzed.

Results: A total of 17 studies concerning to VDR gene polymorphisms and asthma risk were
included in this meta-analysis. The results of pooled analysis revealed a statistical significant
association between Fokl SNP [dominant model (OR=0.78, 95% Cl, 0.62-0.98, random effect
model) and allelic model (OR=0.81, 95% Cl, 0.67-0.98, random effect model)] and Taqgl SNP
[homozygote contract model (OR=0.70, 95% Cl, 0.54 - 0.89)] with asthma risk.

Moreover, subgroup analysis showed that ethnicity influences asthma risk in Asian,

African and American populations. The sensitivity analyses confirmed the stability of

the results.

Conclusion: This meta-analysis suggests that VDR gene polymorphism is
associated with the risk of asthma.
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Asthma is a common clinical disease that occus r@sult of a complex interaction between
different environmental and genetic fact8tsThe main pathophysiological process involved
in asthma are airway inflammation, airway hypepmsiveness, and airflow obstruction in
response to specific triggef8. However, majority of clinical manifestations #itrte to
airway inflammation. In this regards, the immuneafdyction especially imbalance of helper
T (Th)1/Th2 cytokine, like increased levels of meekin (IL)-4, IL-5, and IL-13, may be
responsible for the inflammatory status in asttthan recent years, vitamin D has emerged
as a new factor that contributes to the developroéasthma disease. Vitamin D has potent
immunomodulatory properties by regulation of the@t/e and innate immune system’s
functions that may inhibit the airway inflammatidfl. Moreover, vitamin D directly
influences the function of T cell, by inhibiting @hproduction of Thl cytokines, Th17
cytokines, induction of Th2 cytokine (such as lladd 1L-13), and regulatory T (Treg) cell
differentiation ®. Vitamin D and its analogs bind to the vitamin Eceptor (VDR) and
regulate the expression of multiple genes assatiatéh inflammation and immune
modulation® ”. Moreover, it has been demonstrated that the dicdb effects of vitamin D

can be altered by single nucleotide polymorphis&iéRs) of the/DR gene®.

The human VDR gene is located on chromosome 1241@:1There are many validated
SNPs in theVDR gene in the dbSNP database, but only four SNRdudmg Bsml

(rs1544410)Apal (rs7975232)Fokl (rs2228570), andagl (rs731236) restriction sites have
been extensively studiét. Among themBsml andApal polymorphism located in intron 8,

andTag| located in exon 9 of theDR gene which lead to silent codon chaffgé Besides,
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theFokl is located in the exon 2 of tMDR gene which leads to a protein with different size

(424 amino acids}? .

Many studies investigated the associations betweese polymorphisms of tiéDR gene
and asthma risk*?®. However, the results were inconclusive. The redso this disparity
possibly due to small sample sizes, clinical hefeneity, low statistical power, or a
combination of the above factors. Therefore, time af the present study was to summarize
the available evidence to address the preciseioethip between the VDR gene

polymorphisms and asthma risk.

Previously, three meta-analyses worked on the &ggntof VDR gene SNP and asthma risk
@931 Byt some limitations made it difficult to genézal their results; first, only 9 studies
were included in these investigations; secondsgreuip analysis based on ethnicity, which
has a direct effect on diet, seems necessary lhtaualyses were not performed for two of
previous meta-analysis articles. With the accunmgaevidence, we performed an updated
meta-analysis to evaluate the association betwd@R YeneBsml, Fokl, Apal, and Taql
polymorphisms and asthma risk with more sample isizifferent ethnicities with the aim of

providing a much more reliable finding on the sfgraince of the association.

Methods

This study conducted in accordance with the PrefefReporting Items for Systematic
reviews and Meta-Analyses (PRISMAY statement including; literature review, study
selection, inclusion and exclusion criteria, datdraetion and quality assessment, and

statistical analysis.

Literaturereview
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A comprehensive systematic search process wasiggptm the web of science, Scopus, and
PubMed databases to retrieve all eligible publaceti concerning to polymorphisms of
Vitamin D Receptor [Fokl (rs2228570) or / an@laql (rs731236) or / anBsml (rs1544410) or

[ andApal (rs7975232)] and susceptibility to asthma fromrthreeption until Jun 2019. The
main key words and Medical Subject Headings (Mestre as follow: (“asthma” [Mesh]
OR “asthmati¢ ) AND (“VDR” OR *“vitamin D receptor’) AND (“single nucleotide
polymorphism” OR “SNP” OR “polymorphisms” OR “muiah” OR “variation”). In spite of
detailed search, manual cross-check of eligiblelistuand reviews was carried out to
include other potential studies. In cases that amiele with the same subject published in
different journals only the most recent full-textiele was includedUItimately, the search

strategy was restricted to the English language.

Study selection

Primary search strategy generates 289 studiesettpairted to Endnote X8. The title and
abstract of all studies were reviewed by two ingesors and irrelevant studies were
excluded. Full-text verification was performed iewould not categorize studies based on
title and abstract. Any disagreements during stslgction were discussed and resolved by

consensus.

Inclusion and exclusion criteria

Studies must meet the following criteria to be unlgdd: a) case-control studies evaluating the
association betweehrokl (rs2228570) or / an@lagl (rs731236) or / anBsml (rs1544410) or

[ andApal (rs7975232) and susceptibility to asthma. Basicdlig patients were those who
were diagnosed as having asthma and control graarme Wwealthy individuals who had no

autoimmune or allergic diseases neither in themaselror family members; b) studies
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containing the frequencies of alleles and genotypegach SNP to extract; c) studies with
calculable or extractable data for odds ratio (@QRJl 95% confidence intervals (CIs); d)
articles published in English language. Major egidu criteria were; a) studies on animals or
cell-lines; b) case reports, duplicated, reviewstogials, book chapter, and comments. The

application of these criteria results in 17 qualifstudies for the meta-analysis.

Data extraction and Quality assessment

All required information was extracted conformirgy dtandardized extraction checklist for
the following data; the first author, journal anday of publication, country of origin,
ethnicity, number of subjects in the case and trdrol groups for every gender separately,
mean or range of age, genotyping method, genotgpats for each polymorphism in the
case and the control groups. The quality of eaadystvas assessed using the Newcastle-

Ottawa Scale (NOS) criterf&?. Studies with scores-8, 4-6 or 7-9 were low, moderate or

high-quality, respectively.

Statistical analysis

The strength of the association between differamgrporphism of VDR gene and asthma
risk was estimated by calculating pooled ORs aeit 86% Cls. For each SNP, the dominant
model, recessive model, allelic model, homozygousleh and heterozygous model were
examined to estimate its effect. In details: Dedimeodel forFokl, Tagl, Bsml, Apal are as
follow: Fokl; dominant model (ff+Ff vs FF), recessive modelv@fFf+FF), allelic model (f
vs F), homozygote (ff vs FF), and heterozygoteudFF)Taql; dominant model (tt+Tt vs
TT), recessive model (tt vs Tt+TT), allelic modeélvs T), homozygote (tt vs TT), and
heterozygote (Tt vs TTBsml; dominant model (bb+Bb vs BB), recessive model {isb

Bb+BB), allelic model (b vs B), homozygote (bb vB)Band heterozygote (Bb vs BB)al;
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dominant model (aa+Aa vs AA), recessive model (aaa+AA), allelic model (a vs A),
homozygote (aa vs AA), and heterozygote (Aa vs..AR)e between-study heterogeneity
was assessed with a Chi-square-based Q-test aAdP2:alue of < 0.1 for the Q-test or 12 >
50% indicated heterogeneity and random-effects hje&E®d) was used; otherwise, the
fixed-effect model(FEM) was expldit”. Potential publication bias was estimated usirtt bo
Begg's test and Egger’s t83t*®) Furthermore, the funnel plot asymmetry was asskeggth
the Egger's test. Practically, in condition withewadence of publication bias, considered that
studies with high precision (large study effectsll e located near the average line, and
studies with low precision (small study effects)lvee spread equally on both sides of the
average line, any deviation from this shape carcatd publication bias. All statistical tests
for this meta-analysis were performed with Statigtical software(version 14.0; Stata

Corporation, College Station, TX, USA) and SPSSdiem 23.0; SPSS, Inc. Chicago, IL, USA)

Results
Study characteristics

Search and screening process based on the PRISAfinent is depicted in Figure®P.
According to the combination of the keywords andS¥eterms a total of 289 studies were
identified. Subsequently, exerting the inclusiond aexclusion criteria resulted in the
exclusion of 272 studies (90 duplicates studieg,d8 50 studies excluded according to title
abstract and full-text examination, respectiveByentually, 17 qualified case-control studies
were included in quantitative analysis. All incladestudies had an overall good
methodological quality with NOS scores ranging frérto 8. The RFLP, Tag-man, and Mass
spectrometry were three genotyping methods usethdluded studies. Table 1 and 2

summarized the characteristics and genotype freyuainthe included studies.



122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

Quantitative synthesis

FF for Fokl SNP, TT for Tagl SNP, BB for Bsml SNRdaAA for Apal SNP were used as

the reference category.

Meta-analysis of the association between Fokl (rs2228570) polymorphism and asthma risk
Overall 13 case-control studies with 2450 cases 2184 controls were analyzed for
assessment &fokl genepolymorphism and asthma risk. Of 13 studies, fivelies conducted

§4.15.25.26.37) three studies in European countfi8s® 2% three studies in

in Asian countrie
American countrie§> " ?Yand two studies in African countri&d ¥ (Table 1). The results
of pooled ORs, heterogeneity tests and publicatias tests in different analysis models are
shown in Table 3. Our result found significant asstion betweerokl gene polymorphism
and asthma risk across dominant model (OR= 0.7%, @3, 0.62-0.98, REM) and allelic
model (OR= 0.81, 95% CI, 0.67-0.98, REM); howeweo, significant association was
observed in other genetic model (Figure 2). Addaidy, subgroup analysis by ethnicity was
performed. Overall, the presence fafkli SNP decrease the risk of asthma in the African
population compared with Asian, American and Euaspecountries. No statistically

significant association was observed betwieeki gene polymorphism and risk of asthma in

Asian, American, and European countries (Figure 3).

Meta-analysis of the association between Tagl (rs731236) polymorphism and asthma risk

There were 11 case-control studies with 2457casdsl826 controls concerninagl gene
polymorphism and asthma risk. Five studies weredeoted in Europé®® 222* 28 three
studies in American populatidh® 1" 2% two studies in Asid™® *®) and only one study in

Africa ®®. The pooled results revealed a significant astiocian homozygote contract



146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

model (OR= 0.70, 95% ClI, 0.54-0.89), but rejectag association under dominant model
(OR= 0.96, 95% CI, 0.83-1.11, FEM), recessive ma@@R=0.94, 95% CI, 0.60- 1.47,
REM), allelic model (OR= 0.97, 95% CI, 0.82-1.1FM), Ttvs. TT model (OR= 1.04, 95%
Cl, 0.89-1.22, FEM). Furthermore, the results dbggoup analysis in homozygote model
remarkably showed thdiagl gene polymorphism increase the susceptibilitystfima in the
Asian [ttvs. TT (OR= 2.94, 95% CI, 1.06 — 8.14)], but decremsAmerican population [tt
vs. TT (OR= 0.64, 95% CI, 0.44-0.93)] Figure 3. Irbgtoup analysis, since there was only

one study for the African populations, this studdsvexcluded from the analysis.

Meta-analysis of the association between Bsml (rs1544410) polymor phism and asthma risk

To examining the association betweBsml gene polymorphism and asthma risk, 9 case-
control studies with 1451 cases and 2008 contudgests were included. Four studies were
performed in Asid** > 2° 2D four studies in Europ€® 22?4 and one study in Africd®. The
pooled results indicated a negative, but not sicgmft, association betwedBsml gene
polymorphism and asthma risk under all genotype etwodbr the overall population and
subgroup analysis. The results of pooled ORs, bgésreity tests and publication bias tests in

different analysis models are shown in Table 3.

Meta-analysis of the association between Apal (rs7975232) polymorphism and asthma risk

A total of 13 case-control studies with 2130 cemed 2608 controls identified concerning to
Apal gene polymorphism and asthma risk. Among 13 s$udine studies were carried out in
Europe'®® 2224 28 four studies in Asi&™ ** 2> 2" three studies in Americ& ") and only
one study in the Afric&®, which this study omitted from the subgroup anialyShere was
no evidence of significant association betwég@al gene polymorphism and asthma risk in
the pooled results and the subgroup analysis. &belts of pooled ORs, heterogeneity tests

and publication bias tests for different analysedels are shown in Table 3.
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Evaluation of heterogeneity and publication bias

The between study heterogeneity was assessed |féwual polymorphisms in all genetic
models. Significant heterogeneity was observedhe dverall estimation under all genetic
models forFokl, Tagl, Bsml, and Apal and subsequently random effect model was used
(Table 3). Publication bias was evaluated by Fuptal and Begg's and Egger's tests (Table

3, Figure 5). No evidence of publication bias wasesved.

Sensitivity analysis

Sensitivity analysis was conducted after sequénti@moving each eligible study. This
approach is enumerated as an inevitable step &dyang multiple criteria. The significance
of the pooled ORs was not affected by any singldysin the dominant model fétokl, Taql,

Bsml andApal SNPs, indicating that our results were statidiaalbust.

Discussion

During the last years and based on many researfinesSNPs in the/DR gene, namely
rs2228570 Kokl), rs731236 Taql), rs1544410 Bsml), and rs7975232Apal), have been
suspected as contributing factors for the asthsla Here we performed a meta-analysis to
investigate the consequence of these common folympophisms on asthma risk. Our
findings indicated a statistically significant asisdion of Fokl andTagl genepolymorphisms
and asthma risk, while there was no evidence oafiseciation between bafsml andApal
SNPs with asthma risk. In addition, subgroup anslygas stratified to assess potential
ethnicity-specific effect, revealing that the pmse of Foki SNP in African population

decrease the asthma risk under dominant model (@Ryr@nd allelic model (OR=0.54);
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furthermore, tt genotype of Taql SNP was associat#d an increased risk of asthma in
Asian population (OR=2.94) and decreased risk ineAcan populations (OR=0.64). This
remarkable difference in outcome among ethnicitreght originate from various dietary
patterns, geographic discrepancies, ethnical diyeend important influence of ethnicity on

the VDR gene expression and serum level of vitamifi®h

Vitamin D, VDR, and the retinoid X receptor (RXRyrstruct a heterodimer structure in
combination that bind to the vitamin D responsenelet and, thereby, conferring a regulating
loop on the level of vitamin D (19). It has beepaded thatokl polymorphism can alter the
ATG start cordon in the VDR and the changes inr#i®44410 position can fundamentally
modulate the expression of VDR protein (14, 37).r&bwer, it has been revealed tiAgal
and Tagl SNPs influence on the gene transcription as weliha stability of mRNA (39).
Apal andFokl are located in the restriction sites and are weglin the regulation on gene
expression. Furthermor&okl SNP was reported to be able to interfere withdtaption
factors involved in the regulation of immunoinflaratory genes (17, 18). Nonetheless, the
combinational effect of these SNPs in a networktluen modulation of VDR needs to be

studied.

From genetically point of view/DR is a pleiotropic gene and its protein product bg#to a
nuclear protein family. Among four SNPApal, Bsml, and Tagl gene polymorphisms are
silent codon alterations. Theoretically seems YH2R protein remains intact but since there
is a sophisticated network between different SNiPghe gene, it is not clear if other
functional SNPs linked witi\pal, Bsml, andTagl polymorphisms increase or decrease the
expression ofVDR target gene. Additionally, proximity ofpal and Tagl SNP to the
regulatory region of ‘auntranslated region (UTR) of mRNA could influence intronic

regulatory element and splice sites for mRNA trapson and subsequentyDR mRNA
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stability. Unlike to the three mentioned SNkl gene polymorphism is located on the
exonic region and might affect bo#DR protein structure and its transcriptional activity
From the biological point of view, Th¥DR is the determinant factor of the biological
activity of vitamin D. Hence, the receptor’'s exgs®n and the receptor’'s concentration can
regulate vitamin D functions. Accordingly, Trianta® al. showed that alteration in
expression oWDR proteins, as a result of different SNPs, affectgathophysiology of liver

cirrhosis %

. Based on this findings, sincéDR is widely expressed on various sites,
especially on the epithelial layer of the humangluand B and T lymphocytes; hence
immunological disorders and airway remodeling disos are not farfetchétl. with respect

to the VDR immunological function, any of these four SNPs ahsturb VDR mRNA
stability, which in turn affects the protein levelsd ultimately change the balance of Thl and
Th2. Experimental data suggest that vitamin D ¥B® reduce the production of IL-12 and
interferon (IFN)y, which cause predominance of Th2 cytokines prodacsuch as IL-4 and
IL-13, to the benefit of allergic cytokine profilEurthermore, Roy et al. demonstrated that in
the allelic model of Tagl SNP, homozygous tt tebalgoroduce Thl-type responses and
disturb favoring cytokine profile for allergic dister, while TT homozygous produce a Th-2
type responsé?.

Previous meta-analyses were reported by Tizaoal. & in 2014 , Zhao et af*”in 2016
and Han et al. in 2016%, in which the number of included studies was 8,a8d 9,
respectively. Our results mostly confirm previodadges except for some results of our

subgroup analysis, which due to more included sBidiL7 case-control studies); hence,

seemingly our findings might be more convincing atrchgent.

From the pathobiological point of view, Glucocodids (GCs) are highly effective in the
treatment of asthma by their anti-inflammatory anchunosuppressive effects. This function

is exerted by different mechanism, among whichhes wpregulation of Mitogen-activated
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protein kinase phosphatase-1 (MKP-1) and IL-10 esgioff?. Accordingly, some studies
demonstrated that vitamin D improve GCs anti-inflaatory and immunosuppressive effects
by increasing MKP-1 and IL-10 expression. Moreovéystrakis et al. ¥ reported that the
addition of vitamin D and Dexamethasone (DEX) ttwres of CD4+ Treg cells from steroid
resistant asthmatics enhanced IL-10 secretion thm®e cells to levels comparable from cells
of steroid sensitive patients treated only with DBEXoreover, they reported that while three
steroid resistant subjects were given small dosestamin D for seven days, all subjects
showed enhanced IL-10 expression by CD4+ cells.amother study, Searingt al.
“4confirmed that vitamin D enhanced GC induction df®41 and IL-10 in the peripheral
blood mononuclear cells of asthmatic children. Thge since most of biological effects of
vitamin D is exerted by VDR, and with knowledgeimaportant functions of vitamin D in
asthmatics (as supplementary or adjuvant), anygshanVDR can lessen VD biological and

pharmaceutical functiét.

The main strength of the present study is its lapgeled sample size, enabling the
determination of robust estimates for the assamatif theVDR gene polymorphisms with
the risk of asthma. In addition, with knowledgertgportance of environmental factors such
as dietary regime and geographical location on oisksthma, the subgroup analysis really
seems beneficial and made the results understanddblwever, some limitations of the
current study are worth noting. First, some studigth little number of case and control
subjects included in our analysis which they migdise potential bias. Second, our results
were based on unadjusted parameters, in which smfaed parameters including,
genotyping method, age, diet, and lifestyle facthould be considered for future meta-
analysis. Third, although heterogeneity was detebte sensitivity analysis did not show any
significant change in our results by omitting thedses contributing to the heterogeneity. It

suggested that our results were credible and tstatly robust. Forth, only four SNPs in the
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VDR gene have been evaluated here, while theresereral other functional SNPs in the

promoter region of the VDR gene.

In conclusion, the present meta-analysis is thet mm®prehensive meta-analysis to estimate
the association of/DR geneFokl, Tagl, Bsml and Apal polymorphisms with the risk of
asthma. Strongly, decrease of asthma risk was fonnakssociation with Fokl and Taql
polymorphisms in the overall population, and in sans and African population subgroup.
In the future, large and well-designed researckegaluation of VDR gene expression as
result of SNPs in asthmatic patient and outcomesclomical and pathophysiological
conditions are required to decisively discuses aliba association of VDR SNPs and

asthma.
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Table 1.Characteristics of studies included in meta-analysis of overall Asthma.

Total Age . :
- Sex Genotypin ualit
Study author Year  Country Ethnicity cases/contr  case/control yping Q y
cases/controls method score
ols (Mean)
Fokl (rs2228570)
M= NR
Rabyet al. 2004 Canada American F= NR 485 /505 NR Mass spectrometry !
M=42/96
Fanget al. 2009 China Asian F=59/110 101 /206 35.9/ 34.7 PCR-RFLP 6
M=253/348
PCR-RFLP 8
Saadiet al. 2009 China Asian F=314/175 567/ 523 41.36/ 44.18
I . Mf NR Taqg -Man 7
Pillai et al. 2011 USA American F=NR 122 /74 11.2/11.8
M=185/348 40.8+14.7/45.1 £
Bt l4.r/451+ PCR-RFLP 8
Li etal. 2011 China Asian F=282/175 467 /188 0.7
. . Mf28/18 Taqg -Man 6
Ismail et al. 2013 Egypt African F=23/15 51 /33 8.6+27/78+26
M=96/85
PCR-RFLP 7
Maalmiet al. 2013 Tunisia African F=59/67 155 /152 9.1/95
) Mf82/41 Mass spectrometry 7
lordanidouet al. 2014 Greece European F=45/50 127 /91 8.4+0.2/ 9.5+0.4
- . . M=NR PCR-RFLP 6
Einismanet al. 2015 Chile American F=NR 73 /50 9.1+#3.5/10.3+7
M=20/13 11.74+2.4/ PCR—RFLP 5
Batmazet al. 2017 Turkey European F=10/17 30/30 11.4+2.27
M=32/42 47.48 +15.8 / 46.81
e : PCR-RFLP 6
Despotovicet al. 2017 Serbia European F=47/47 791/89 +16.7
M=86/87 7.56+2.39 /
U= Tag -Man 7
Zhanget al. 2017 China Asian F=57/56 143/ 143 7.28+2.54 q
M=23/18
PCR-RFLP 6
Bijanzadehet al. 2018 Iran Asian F=27/32 50 / 50 NR
Taqgl (rs731236)
M= NR
Rabyet al. 2004 Canada American F= NR 535 /510 NR Mass spectrometry !
M=253/348
PCR-RFLP 8
Saadiet al. 2009 China Asian F=314/175 567/ 523 41.36/44.18
, , M=31/27 PCR-RFLP 6
Arababadit al. 2010 Iran Asian F=69/73 100/ 100 48 +12/ 43+ 14
I . Mf NR Tag -Man 7
Pillai et al. 2011 USA American F=NR 118/74 11.2/11.8
M=96/126
PCR-RFLP 7
Maalmiet al. 2013 Tunisia African F=59/99 155 / 225 9.1/9.5
. Mf82/41 Mass spectrometry 7
lordanidouet al. 2014 Greece European F=45/50 127 /91 8.4+0.2/ 9.5+0.4
- . . M=NR PCR-RFLP 6
Einismanet al. 2015 Chile American F=NR 72 /50 9.1+3.5/10.3+7
M=72/270
PCR-RFLP 7
Papadopouloet al. 2015 Cyprus European F=105/360 177/630 16-18.1/15.9-18
M=20/13 11.74+2.4/ PCR—RFLP 5
Batmazet al. 2017 Turkey European F=10/17 30/30 11.4+2.27
M=32/42 47.48 +15.8 / 46.81
48 £15.8/46. PCR-RFLP 6
Despotovicet al. 2017 Serbia European F=47147 791789 +16.7
. Mf23/NR Tag-Man 5
Hutchinsoret al. 2018 Ireland European F=21/NR 44 |57 8.7/ NR
Bsml (rs1544410)
M=42/96
Fanget al. 2009 China Asian F=59/110 101 /206 35.9/ 34.7 PCR-RFLP 6
M=253/348
PCR-RFLP 8
Saadiet al. 2009 China Asian F=314/175 567/ 523 41.36/ 44.18
M=96/126
PCR-RFLP 7
Maalmiet al. 2013 Tunisia African F=59/99 155 / 225 9.1/95
. Mf82/41 Mass spectrometry 7
lordanidouet al. 2014 Greece European F=45/50 127 /91 8.4+0.2/ 9.5+0.4
M=77 /255
PCR-RFLP 7
Papadopouloet al. 2015 Cyprus European F=102/376 179/631 16-18.1/15.9-18
M=20/13 11.74+2.4 PCR_RELP 5
Batmazet al. 2017 Turkey European F=10/17 30/30 11.442.27
M=32/42 47.48 +15.8 / 46.81
PCR-RFLP 6
Despotovicet al. 2017 Serbia European F=47147 791/89 +16.7
M=86/87 7.56+2.39 /
Tag -Man 7
Zhanget al. 2017 China Asian F=57/56 143/ 143 7.28+2.54 fq
M=43/37 8.84+3.2 /
Houet al. 2018 China Asian F=27/33 70/ 70 8.04+3.01 PCR-RFLP 6
Apal (rs7975232)
M= NR
Rabyet al. 2004 Canada American F=NR 482/490 NR Mass spectrometry !
M=253/348
PCR-RFLP 6
Saadiet al. 2009 China Asian F=314/175 567/ 523 41.36/ 44.18
Arababadit al. 2010 Iran Asian M=31/27 100 /100 48 +12/ 43+ 14 PCR-RFLP 6




F=69/ 73
M= NR
Taq -Man 7
Pillai et al. 2011 USA American F=NR 125/72 11.2/11.8 q
M=28/18
PCR-RFLP 7
Maalmiet al. 2013 Tunisia African F=23/15 155/ 225 16-18.1/15.9 - 18
M=82/41 Mass spectrometry 7
lordanidouet al. 2014 Greece European F=45/50 127 /91 8.4+0.2/ 9.5+0.4
. . . M= NR PCR-RFLP 6
Einismanet al. 2015 Chile American F=NR 70 /50 9.143.5/10.3+7
M=76/256
PCR-RFLP 7
Papadopouloet al. 2015 Cyprus European F=100/377 176 /633 16-18.1/15.9-18
|\/|_=NR 11.74+2.4 / PCR—RFLP 5
Batmazet al. 2017 Turkey European F=NR 281/29 11.442.27
M=32/42 47.48 +15.8 / 46.81
PCR-RFLP 6
Despotovicet al. 2017 Serbia European F=47147 791789 +16.7
M=86/87 7.562.39 /
U= Taqg -Man 7
Zhanget al. 2017 China Asian F=57/56 143/ 143 7.28+2.54 fq
M=23/NR Tag-Man 5
Hutchinsoret al. 2018 Ireland European F=21/NR 44 | 57 8.7/ NR
M=43/37 8.84%3.2 /
Houet al. 2018 China Asian F=27/33 70/70 8.04+3.01 PCR-RFLP 6
NR, not reported; M, male; F, female;
Table 2. Distribution of genotype and allele amosgghmapatients and controls.
Asthma cases Healthy control
Study author P-HWE MAF
y FE Ff i F f FEFf i F
Fokl (rs2228570)
Rabyet al. 175 248 62 598 372 191 245 69 627 383 0/49 0/379
Fanget al. 24 56 21 104 98 66 94 46 226 186 0/25 0/451
Saadiet al. 193 258 116 644 490 152 265 106 569 477 0/62 0/456
Pillai et al. 76 41 5 193 51 42 29 3 113 35 0/46 0/236
Li etal. 152 230 85 534 400 60 91 37 211 165 0/81 0/438
Ismail et al. 29 22 0 80 22 12 14 7 38 28 0/44 0/424
Maalmiet al. 88 56 11 232 78 70 59 23 199 105 0/08 0/345
lordanidouet al. 67 54 6 188 66 38 45 8 121 61 0/29 0/335
Einismanet al. 11 62 0 84 62 5 45 0 55 45 <0.01 0/45
Batmazet al. 19 11 0 49 11 12 12 6 36 24 0/36 0/4
Despotovicet al. 37 36 6 110 48 62 25 2 149 29 0177 0/162
Zhanget al. 92 49 2 233 53 74 63 6 211 75 0/09 0/262
Bijanzadetet al. 32 15 3 79 21 12 34 4 58 42 <0.01 0/42
Asthma cases Healthy control
Y P-HWE  MAF
Study author TT Tt tt T t TT Tt tt T t
Tagl (rs731236)
Rabyet al, 230 237 68 697 373 181 237 92 599 421 0/34 0/412
Saadiet al. 510 53 4 1073 61 471 51 1 993 53 0/75 0/05
Arababadiet al. 6 48 46 60 140 18 35 47 71 129 0/02 0/645
Pillai et al. 52 55 11 159 77 40 31 3 111 37 0/31 0/25
Maalmiet al. 59 81 15 199 111 79 101 45 259 191 0/74 0/424
lordanidouet al. 43 68 16 154 100 35 38 18 108 74 0/18 0/406
Einismanet al. 35 34 3 104 40 24 24 2 72 28 0/17 0/28
Papadopouloet al. 69 74 34 773 487 224 325 81 212 142 0/08 0/401
Batmazet al. 18 9 3 45 15 15 10 5 40 20 0/17 0/333
Despotovicet al. 35 34 10 104 54 32 43 14 107 71 0/94 0/398
T 17 21 6 55 33 34 23 0 91 210 0/05 0/201
Asthma cases Healthy control
Y PHWE  MAF
Study author BB Bb bb B b BB Bb bb B
Bsml (rs1544410)
Fanget al. 74 25 2 173 29 167 35 4 369 43 0/19 0/104




0/24

Saadiet al. 515 49 3 1079 55 472 51 0 995 51 0/048
Maalmiet al. 34 72 49 140 170 26 119 80 171 279 0/06 0/62
lordanidouet al. 20 67 40 107 147 19 39 33 77 105 0/24 0/576
Papadopouloet al. 38 103 38 179 179 127 327 177 581 eg1  9/28 0/539
Batmagzet al. 2 12 16 16 44 5 13 12 23 37 0/64 0/616
Despotovicet al. 11 40 28 62 96 18 37 34 73 105 0/18 0/589
Zhanget al. 56 74 13 186 100 72 65 6 209 77 0/06 0/269
Hou et al. 66 4 0 136 4 65 5 0 135 5 0/75 0/035
Study author — = As;r;ma cases = T Healthy corXroI ~ P-HWE MAF

Apal (rs7975232)

Rabyet al. 139 217 126 495 469 162 227 101 551 429 919 0/437
Saadiet al. 310 217 40 837 297 247 216 60 710 3ze| %2 0/321
Arababadiet al. 7 58 35 72 128 17 56 27 90 110 0718 0/55
Pillai et alet al. 55 59 11 169 81 35 33 4 103 41 0/28 0/284
Maalmiet al. 92 57 6 241 69 142 70 13 354 96 0727 0/213
lordanidouet al. 35 41 15 111 71 41 63 23 145 109 0/88 0/429
Einismanet al. 21 35 14 77 63 10 28 12 48 52 0/38 0/52
Papadopouloet al. 68 91 17 297 125 232 312 89 776 490 0/32 0/387
Batmagzet al. 3 16 9 22 34 4 16 9 24 34 0/45 0/586
Despotovicet al. 22 41 16 85 73 32 43 14 107 71 0/94 0/398
Zhanget al. 54 75 14 183 103 8 69 66 85 201 0/06 0/702
Hutchinsonet al. 11 23 10 45 43 5 20 32 30 84 0/47 0/893
Houet al. 36 30 4 102 38 65 5 0 135 5 <0.01 0/035




Table 3. Main results of pooled ORs in meta-analysi¥DR gene polymorphisms.

Sample size Test qf . Test of . Tgst of pub,lication Test of’publication bias
Subgroup association heterogeneity bias (Begg's test) = (Egger’s test)
Genetic model ~Case/Control OR ~ 95% Cl | (%) P Z P T P
Fokl (rs2228570)
Overall Dominant model 2450/2134 078 0.62-098 56.4 <0.001 -1.34 0.18 -1.84 0.09
Recessive model 245072134 990 074-109 0O 0.60 -0.80 0.42 -0.95 0.37
Allelic model 245072134 g1 067-098 68.4 <0.001 -1.59 0.11 -1.67 0.12
ff vs. FF 2450/2134 585 069-1.07 16.6 0.02 -0.45 0.65 0.78 0.45
Ffvs. FF 2450/2134 984 065-1.08 61 =0.001 -0.12 0.90 -0.92 0.37
European Dominant model 236 /210 078 039-158 61 0.07 -0.52 0.60 -0.58 0.66
Recessive model 2361210 088 0.30-257 60.4 0.11 1 0.31 - -
Allelic model 2361210 0.84 0.31-2.27 875 =0.001 -0.52 0.60 -0.29 0.82
ff vs. FF 2361210 086 0.28-259 745 0.04 1 0.31 - -
Ffvs. FF 236/210 103 040-265 757 0.01 0.52 0.60 0.13 0.91
Asian Dominant model 132871110 74 049-114 749 =0.001 -0.49 0.62 0.78 0.49
Recessive model 132871110 995 075-119 0 0.85 -1.96 0.05 -3.01 0.05
Allelic model 132871110 g3 065-1.06 65.1 0.02 -0.98 0.32 -1.37 0.26
ff vs. FF 132871110 g8 067-1.15 0 Q.52 -0.98 0.32 -1.30 0.28
Ffvs. FF 132871110 74 047-117 77 =0.001 -0.49 0.62 -0.63 0.57
African Dominant model 206 /185 060 039-092 0 0.49 - - - -
Allelic model 206 /185 054 0.33-087 354 0.21 - - - -
Ffvs. FF 206 /185 073 046-116 0 0.81 - - - -
American Dominant model 680 / 629 101 079-128 0 0.52 -0.52 0.60 -3.89 0.16
Recessive model 680 / 629 092 063-136 0 0.92 1 0.31 - -
Allelic model 680 / 629 098 083-116 0 0.78 -0.52 0.60 -3.93 0.15
ff vs. FF 680 / 629 098 065-147 0 0.97 1 0.31 - -
Ffvs. FF 680 / 629 102 079-132 0 0.48 -0.52 0.60 -3.64 0.17
Tagl (rs731236)
Overall Dominant model 2457/1926  0.96 0.83-1.11  46.5 0.04 1.01 0.31 2.16 0.06
Recessive model 245711926 094  0.60-1.47 63.3 <0.001 1.52 0.12 1.55 0.16
Allelic model 245711926 097 082-1.15 50.3 0.02 1.32 0.18 2.07 0.06
ttvs TT 245711926 970 054-0.89 32.2 0.15 1.16 0.24 1.14 0.28
TtvsTT 245711926 1094 089-122 37 0.10 1.01 0.31 2.07 0.06
European Dominant model 910 / 444 111 079-155 27 0.24 0 1 0.13 0.90
Recessive model 9107444 115 038-350 81.3 <0.001 0.68 0.49 0.63 0.59
Allelic model 9107444 099 0.73-1.34 51.4 0.08 0 1 0.39 0.72
ttvs TT 9107444 070 047-105 0 0.98 2.04 0.04 -3.40 0.07
TtvsTT 9107444 126 0.95-1.66 0 0.48 -0.49 0.62 -0.41 0.70
Asian Dominant model 667 / 623 167 051-542 759 0.04 - - - -
Recessive model 667 /623 110 048-250 10.1 0.29 - - - -
Allelic model 667 /623 115 0.86-155 0 0.53 - - - -
ttvs TT 667/623 294  1.06-814 905 <0.001 - - - -
TtvsTT 667 /623 114 077-170 823 0.01 - - - -
American Dominant model 72571634 0.95 059-1.51  56.3 0.10 0.52 0.60 1.47 0.38
Recessive model 7251634 088 042-186 27.2 0.23 0.52 0.60 1.36 0.40
Allelic model 7251634 098 0.64-150 67.4 0.04 0.52 0.60 1.47 0.38
ttvs TT 7251634 0.64 044-093 46.6 0.15 0.52 0.60 -1.33 0.41
TtvsTT 7251634 086 0.67-110 18.8 0.29 0.52 0.60 1.41 0.39
Bsml (rs1544410)
Overall Dominant model 1451/2008  1.13  0.91-1.39  40.7 0.09 0 1 0.26 0.80




1451/2008

0.49

Recessive model 0.85 0.67-1.08 0 7 2.25 2.50 0.05
Allelic model 1451/2008 1.36 0.88-2.11 889 <0.001 0.63 0.53 0.92 0.38
bbvs. BB 1451/2008 0.86 0.62-1.21  40.9 0.11 1.65 0.09 2.02 0.1
Bbvs.BB 1451/2008  ;gg 0.87-134 394 0.10 0 1 0.62 0.55
European Dominant model 415/841 136 0.94-1.95 0 0.95 2.04 0.04 5.25 0.03
Recessive model 4157841 080 059-1.07 0.50 2.04 0.04 6.73 0.02
Allelic model 4157841 102 081-129 5, 0.26 1.36 0.17 3.59 0.06
bbvs. BB 4157841 093 062-1.40 0.40 2.04 0.04 5.14 0.36
Bbvs. BB 4157841 126 088-181 0.61 0 1 2.49 0.13
Asian Dominant model 881 /942 123 093-163 g4 0.33 0 1 -0.06 0.95
Recessive model 881/942 191 070-524 0 0.51 -1 0.31 - -
Allelic model 8817942 198 083-471  g97 <0.001 0.68 0.49 -0.3 0.79
bbvs. BB 8817942 229 081-646 0.48 1 0.31 - -
Bbvs. BB 8817942 117 087-156 464 0.30 0.68 0.49 0.11 0.92
Apal (rs7975232)
Overall Dominant model 2130/ 2608 097 0.68-1.38 79.2 <0.001 0.24 0.80 0.22 0.82
Recessive model 2130/ 2608 0.63 0.43-1.08 80.3 <0.001 0.14 0.89 1.04 0.32
Alielic model 2130/2608  1.07 0.76-152 91 <0.001 b 61 0.54 075 0.47
aavs. AA 2130/2608  0.66 036-1.21 83.6 <0.001 027 0.78 0.84 0.42
Aavs. AA 2130/ 2608 1777073-1.36  70.2 <0.001 0.49 0.62 0.40 0.69
European Dominant model 418935 0.89 063-127 217 0.27 0 1 036 0.73
Recessive model 418 /935 0.64 037-1.10 501 0.09 0 1 0.2 0.98
Allelic model 418 /935 1.24 057-271 91.2 <0.001 0.42 0.62 0.60 0.59
aavs. AA 4187935 0.72  037-1.40 506 0.08 0.49 0.62 0.23 0.83
Aavs. AA 4187935 0.96  0.72-1.29 0 0.68 0 1 022 0.83
Asian Dominant model 880 /836 1.17 0.25-5.45 93.3 <0.001 1.36 0.17 0.39 0.73
Recessive model 880/ 836 0.47 0.13-1.64 92.6 <0.001 0.52 0.60 -0.29 0.82
Alielic model 880 /836 106 0.42-264 953 <0.001 136 017 0.50 0.66
aavs. AA 880/ 836 0.36 0.04—3.08 94.7 <0.001 0.52 0.60 0.20 0.87
Aavs. AA 880/ 836 1.2470.34-450 91 <0.001 136 0.17 0.42 0.69
American Dominant model 677 /612 1.15 0.89-1.48 14 0.36 157 0.11 131 0.41
Recessive model 677 /612 131 098-1.74 0 0.55 .0.52 0.60 -0.46 0.72
Allelic model 677 /612 112 0.89-1.42 23.3 0.27 1.15 0.11 -1.04 0.48
aavs. AA 6771612 130 081-208 143 0.31 052 0.60 051 0.65
Aavs. AA 6771612 107 082-139 0 0.49 157 011 118 0.44




Figure 1. Flow diagram of study selection process.
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Figure 2. Pooled OR and 95% CI of individual studies and pooled data for the association Hetlgaslymorphism and Asthma risk in A;
Dominant Model Fokl) and B; Recessive ModeFgkl).

A

Study ID Dominant (Fok1) OR (95% CI) %Weight
Raby et al. (2004) _I._ 1.07(0.82, 1.40)  13.35
Fang et al. (2009) E——’*— 1.51(0.85, 2.73) 7.94
Saadi et al. (2009) —-lt— 0.79 (0.60, 1.03) 13.30
Pillai et al. (2011) —+—— 0.79(042,149) 7.28
Li et al. (2011) —'—-o-— 0.97(0.66, 1.41)  11.28
Ismail et al. (2013) -+ 0.43(0.15,1.16)  3.85
Maalmi et al. (2013) —.-r— 0.64 (0.40,1.04)  9.56
lordanidou et al. (2014) —-'0-:;— 0.64 (0.35, 1.14) 7.85
Einisman et al. (2015) - 0.62(0.15,213) 253
Batmaz et al. (2017) - 038(0.11,123) 296

Despotovic et al. (2017) S 143(0.76,2.73)  7.20
Zhang et al. (2017) 0.59(0.35,098)  8.96
Bijanzadeh et al. (2018) & 0.17 (0.06,0.45)  3.94

m
—.—E—
Overall (l-squared = 56.4%, p = 0.007) @ 0.78 (0.62, 0.98) 100.00
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NOTE: Weights are from random effects analysis
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B

Study ID Allelic (Fok1) OR (95% CI) %Weight
Raby et al. (2004) E—-Io-— 1.01(0.84, 1.22) 11.92
Fang et al. (2009) E—-O-— 1.14 (0.80, 1.62) 9.14
Saadi et al. (2009) -E-tf-- 0.90 (0.76, 1.07) 12.15
Pillai et al. (2011) ; 0.85 (0.50, 1.43) 6.56
Li et al. (2011) —E—o—— 0.95(0.74, 1.22) 10.90
Ismail et al. (2013) + E 0.37 (0.17, 0.77) 423
Maalmi et al. (2013) —0—;- 0.63 (0.44, 0.91) 8.96
lordanidou et al. (2014) —"0-_—;—- 0.69 (0.44, 1.07) 7.68
Einisman et al. (2015) ~ 0.90 (0.52, 1.55) 6.30

Batmaz et al. (2017) 0.33(0.13, 0.83) 3.14

224 (1.28, 3.92) 6.13

*

Despotovic et al. (2017)

*

Zhang et al. (2017) ——— 063(042,097) 808
Bijanzadeh et al. (2018) ~ : 0.36 (0.18, 0.71) 4.81
Overall (--squared = 68.4%, p = 0.000) <> 0.81(067,098)  100.00

NOTE: Weights are from random effects analysis
I |




Figure 3. Pooled odds ratio (OR) and 95% confidence interval of individual studiepaoled data for the association betwgeki polymorphism and
Asthma risk in different ethnicity subgroups and overall populations forofnibant Model Fokl) and B; Allelic Model Fokl).

A

Study ID Dominant (Fok1) OR (95% CI) 9%Weight
American E |
Raby et al. (2004) =R 1.07 (0.82, 1.40) 13.35
Pillai et al. (2011) —_— 0.79 (0.42, 1.49) 7.28
Einisman et al. (2015) -~ 0.62 (0.15, 2.13) 253
Subtotal (l-squared = 0.0%, p = 0.529) <> 1.01(0.79, 1.28) 23.16
Asian :
Fang et al. (2009) | ——— 1.51 (0.85, 2.73) 7.94
Saadi et al. (2009) ~ 0.79 (0.60, 1.03) 13.30
Li et al. (2011) —_— 0.97 (0.66, 1.41) 11.28
Zhang et al. (2017) —_— 0.59 (0.35, 0.98) 8.96
Bijanzadeh et al. (2018) € - : 0.17 (0.06, 0.45) 3.94
Subtotal (I-squared =74.9%, p=0003) <% 0.74 (0.49, 1.14) 4542
Africian E
Ismail et al. (2013) -— 0.43 (0.15, 1.16) 3.85
Maalmi et al. (2013) —_— 0.64 (0.40, 1.04) 9.56
Subtotal (l-squared = 0.0%, p=0.490) <= 0.60(0.39, 0.92) 13.41
European .
lordanidou et al. (2014) —i—r 0.64 (0.35, 1.14) 7.85
Batmaz et al. (2017) + ; 0.38 (0.11, 1.23) 2.96
Despotovic et al. (2017) —_——— 1.43(0.76, 2.73) 7.20
Subtotal (I-squared = 61.0%, p = 0.077) -=_."':‘-_'::==- 0.78 (0.39, 1.58) 18.01
Cverall (I-squared = 56.4%, p = 0.007) <> 0.78 (0.62, 0.98) 100.00
NOTE: Weights are from random effects analysis!
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Study ID Allelic (Fok1) OR (95% CI) %Weight
American i |
Raby et al. (2004) =i 1.01 (0.84, 1.22) 11.92
Pillai et al. (2011) —_— 0.85(0.50, 1.43) 6.56
Einisman et al. (2015) e 0.90 (0.52, 1.55) 6.30
Subtotal (I-squared = 0.0%, p = 0.789) :<> 0.98 (0.83, 1.16) 24.77
Asian :
Fang et al. (2009) il 1.14 (0.80, 1.62) 9.14
Saadi et al. (2009) -:-o-- 0.90 (0.76, 1.07) 12.15
Li et al. (2011) —_— 0.95(0.74, 1.22) 10.90
Zhang et al. (2017) —_— 0.63(0.42, 0.97) 8.08
Bijanzadeh et al. (2018) -+ : 0.36 (0.18, 0.71) 4.81
Subtotal (I-squared = 65.1%, p = 0.022) e e 0.83 (0.65, 1.06) 45.07
Afn'cian E
Ismail et al. (2013) ~ : 0.37(0.17,0.77) 4.23
Maalmi et al. (2013) —_— 0.63(0.44, 0.91) 8.96
Subtotal (I-squared = 35.4%, p = 0.213p=_ = 0.54 (0.33, 0.87) 13.20
European :
lordanidou et al. (2014) —_— 0.69(0.44, 1.07) 7.68
Batmaz et al. (2017) - : 0.33(0.13,0.83) 3.14
Despotovic et al. (2017) ' —_— 224 (1.28, 3.92) 6.13
Subtotal (I-squared = 87.5%, p = 0.00@7<;::_*_=— 0.84 (0.31,2.27) 16.96
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Figure 4. Pooled odds ratio (OR) and 95% confidence interval of individual studiesaled data for the association betw&agl polymorphism and

Asthma risk in A; overall populations and B; different ethnicity subgrooipg ¥s. TT Model (Taql).

A

Study ID tt Vs. TT (Taql) OR (95% CI) %Weight
Raby et al. (2004) —_— 0.58 (0.39, 0.85) 40.81
Saadi et al. (2009) : 3.00 (0.15,30.00)  0.88
Arababadi et al. (2010) 2.93(0.99, 9.00) 5.08
Pillai et al (2011) 282 (0.67,16.00) 246
Maalmi et al. (2013) —.-.-—— 0.44 (0.21, 0.91) 11.52
lordanidou et al. (2014) —+— 0.72(0.29, 1.75) 7.67
Einisman et al. (2015) : 1.02 (0.10, 13.00) 1.05
Papadopoulou et al. (2015) || 0.73 (0.44, 1.23) 23.44
Batmaz et al. (2017) — 050 (0.06,3.12) 159
Despotovic et al. (2017) f: 0.65 (0.22, 1.84) 549
Overall (I-squared = 32.2%, p = 0.151) <> 0.70 (0.54, 0.89) 100.00
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.0333 30

B

Study ID tt Vs. TT (Taql) OR (95% CI) %Weight
American :
Raby et al. (2004) —— 0.58 (0.39, 0.85)  46.13
Pillai et al (2011) . = 2.82(0.67, 16.00) 2.78
Einisman et al. (2015) . 1.02 (0.10, 13.00) 1.18
Subtotal (I-squared = 46.6%, p = 0.154) <> 0.64 (0.4, 0.93)  50.09
Asian E
Saadi et al. (2009) ; . 3.00 (0.15, 30.00) 1.00
Arababadi et al. (2010) : = 2.93(0.99,9.00) 575
Subtotal (I-squared = 0.0%, p = 0.987) - 2.94 (1.06,8.14) 6.74
European :
lordanidou et al. (2014) —_—— 0.72(0.29, 1.75) 8.67
Papadopoulou et al. (2015) —_— 0.73(0.44,1.23) 2650
Batmaz et al. (2017) - 0.50 (0.06, 3.12) 1.79
Despotovic et al. (2017) —— 065(0.22,1.84) 6.21
Subtotal (I-squared = 0.0%, p = 0.984) <> 0.70 (0.47,1.05) 43.16
Heterogeneity between groups: p = 0.022 :
Overall (I-squared = 30.8%, p = 0.172) <> 0.74 (0.57, 0.96)  100.00
T : T
.0333 1 30



Figure 5. Begg's funnel plot for publication bias test. A; Dominant Mdéekl, B; Dominant Modelragl, C; Dominant ModeBsml, D;

Dominant ModelApal. Each point represents a separate study for the indicated association.
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