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Summary
Background. Previously, lots of studies researched the association of interleu-
kin (IL) 13 gene polymorphisms and the risk of asthma, yielding incongruent 
outcomes. Objective. To resolve the inconsistency among the different studies, 
we performed the most up-to-date meta-analysis of IL13 gene rs20541 and 
rs1800925 polymorphisms and susceptibility to asthma. Methods. After a sys-
tematic literature search up to September 2020, the pooled odds ratio (OR) and 
their corresponding 95% CI were extracted to determine the association level. 
Results. Overall, 45 (containing 10572 cases and 11575 healthy controls) and 
31 (containing 10139 cases and 13304 healthy controls) case-control studies 
for rs20541 and rs1800925 polymorphisms, respectively, were retrieved. Pooled 
analysis indicated statistically significant association of rs20541 with asthma in 
the overall analysis. According to the subgroup analysis, significant association 
was detected between rs20541 polymorphism in European population across 
dominant model, allelic model, and GA vs GG model. A strongly significant asso-
ciation between rs20541 polymorphism and asthma risk was identified in Asian 
population under all genetic models except heterozygote model. There was signif-
icant association between rs20541 polymorphism and asthma risk in dominant, 
allelic and heterozygote models for Caucasians. The rs1800925 single-nucleotide 
polymorphism (SNP) was associated with asthma risk in some genetic models 
for the overall, Asian, and European populations. Conclusions. Both rs20541 
and rs1800925 polymorphisms of IL13 gene confer a risk factor for asthma in 
different populations.

Impact statement
According to this meta-analysis, IL13 gene rs20541 

and rs1800925 polymorphisms were associated with an 
increased susceptibility to asthma in the overall analysis 

and in the Caucasian and Asian populations.
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Introduction

Asthma is a chronic inflammatory disorder of the airways that 
is characterized by reversible airflow obstruction and broncho-
spasms, affecting 300 million people worldwide and estimated to 
approach 400 million by 2025 (1, 2). It is a multifactorial disease 
caused by interactions between multiple genetic and environmen-
tal factors, and heritability of asthma has been estimated as 35 to 
75% (3, 4). Therefore, genetic susceptibility may play a critical 
role in the pathogenesis of asthma. A growing body of research has 
reported more than 100 genes affect predisposing to asthma (5).
T helper (Th) 2 cytokines, including interleukin (IL)-4 and IL1-
3 play an important role in the pathogenesis of asthma (6, 7). 
IL-13 induces many cellular responses, including overexpression 
of adhesion molecules, antibody class switching to IgE, develop-
ment of airway hyper-responsiveness (AHR), and proliferation 
of goblet cells (8, 9). In vitro experiments by Walter et al. indi-
cated that despite inflammation and Th2 active response, the 
challenge of IL-13-deficient mice by allergen failed to develop 
allergen-induced AHR (10). Also, Huang et al. demonstrated 
that IL-13 expression level was raised in the allergen-challenged 
broncho-alveolar lavage (BAL) of asthmatic patients (11).
The IL13 gene is located on chromosome 5q31 that codifies for a 
13-kDa glycoprotein (12). Two common single nucleotide poly-
morphisms (SNPs) of IL13 gene have been studied extensively 
in susceptibility to asthma (13). The polymorphism of rs20541 
(R130Q or Arg130Gln) is located in exon 4, and results in reduced 
affinity of IL-13 for IL-13 receptor, and enhanced expression of 
IL-13 in subjects with asthma (14, 15). The other SNP, rs1800925 
(1112C/T), is located in the promoter region of IL13 gene and 
affects the expression of IL-13 by changing the binding of Sig-
nal transducer and activator of transcription (STAT) transcription 
factors to the promoter region of IL-13 (16, 17). Numerous stud-
ies examined the association between these polymorphisms and 
susceptibility to asthma, but the results are inconsistent and con-
flicting. As a result, we performed the most up-to-date meta-anal-
ysis to determine the association between IL13 gene rs20541 and 
rs1800925 polymorphisms and the risk of asthma.

Methods

This study was conducted according to the Preferred Reporting Items 
for Systematic reviews and Meta-Analyses (PRISMA) statement (18). 
The current meta-analysis does not contain any studies with human 
participants or animals performed by any of the authors.

Publication search
Two major electronic databases (Scopus and PubMed/Medline) 
were searched systematically to identify potential studies pub-
lished up to September 2020. The combination of following key 
words and Medical Subject Headings (Mesh) terms were applied: 

(“asthma” (Mesh) OR “asthmatic”) AND (“interleukin-13” OR 
“IL-13” OR “IL13” OR “rs20541” OR “rs1800925”) AND 
(“single nucleotide polymorphism” OR “SNP” OR “polymor-
phisms” OR “mutation” OR “variation”). No restrictions were 
placed on language, sample size, population, or publication 
date. To avoid losing of eligible studies, reference list of the re-
views and qualified studies were also scanned.

Inclusion and exclusion criteria
The following inclusion criteria were explored to identify eligible 
studies: 1) studies evaluating the association between IL13 gene 
polymorphism (rs20541 and/or rs1800925) and susceptibility to 
asthma as the main outcome, 2) subjects diagnosed as having 
asthma based on the medical history/lung function or the final 
diagnosis by physician (additionally, we did not distinguish the 
studies for the grade of asthma severity), 3) studies with sufficient 
data to extract or calculate odds ratio (OR) and 95% confidence 
interval (CI), 4) studies which reported genotype distributions 
and allele frequency and 5) studies with cohort and case-control 
design. The reviews, meta-analysis, duplicates, case reports, book 
chapters, and animal studies all were excluded.

Data extraction
Two authors independently and in accordance with a standard-
ized extraction form extracted the following information: the 
first author’s name, journal and year of publication, country of 
origin, ethnicity, number of subjects in the case and the con-
trol groups for each gender, mean or range of age, genotyping 
method, genotype counts in the case and the control group. Any 
discrepancies between two authors were solved by discussion.

Quality assessment
We used Newcastle-Ottawa Scale (NOS) in order to evaluate 
methodological quality of the eligible studies (19). In this scale, 
selection, comparability of case/controls, exposure/outcome, age 
and gender were evaluated and scored ranging from 0 to 9 stars. 
We defined a range in which studies with scores of 0-3, 4-6, or 
7-9 was regarded as low, moderate, or high-quality, respectively.

Statistical analysis
We used Pearson’s χ2 test to estimate the deviation from Hardy-Wein-
berg equilibrium (HWE) in the control group. Pooled OR and 95% 
CI were calculated to quantitatively evaluate the risk of asthma in 
the Dominant model (TT + CT vs CC), Recessive model (TT vs 
CT + CC), Allelic model (T vs C), Homozygote contrast (TT vs 
CC), and Heterozygote contrast (CT vs CC) for rs1800925 and 
Dominant model (AA + GA vs GG), Recessive model (AA vs GA 
+ GG), Allelic model (A vs G), Homozygote contrast (AA vs GG), 
and Heterozygote contrast (GA vs GG) for rs20541. Between-study 
heterogeneity was identified by Q statistics (P-value < 0.1 was con-
sidered statistically significant) and I2-test (I2 values of 25%, 50%, 
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and 75% were described as low, moderate, and high heterogeneity, 
respectively). Studies were pooled using the DerSimonian-Laird al-
gorithm in the presence of heterogeneity (I2 > 50% and Q statistics 
< 0.1 (random effects model)) (20). On the other hand, the Man-
tel-Haenszel algorithm was used in the absence of heterogeneity (I2 

< 50% and Q statistics > 0.1 (fixed effects model)) (21). In order to 
assess the predefined sources of heterogeneity among included stud-
ies, subgroup analysis and meta-regression analysis based on year of 
population, the continent of the study population, and genotyping 
method were performed. Publication bias in this study was mea-
sured by Egger’s regression asymmetry test and Begg’s adjusted rank 
correlation test (21, 22). Finally, to show statistical stableness and the 
impact of every individual study on the pooled OR, the sensitivity 
analysis was conducted. Statistically analyses were carried out using 
STATA (version 14.0; Stata Corporation, College Station, TX) and 
SPSS (version 23.0; SPSS, Inc. Chicago, IL) software.

Results

Study selection
The flow chart of implementing the inclusion/exclusion criteria 
and study selection process is summarized in the figure 1. A 
total of 1108 studies were retrieved from PubMed/Medline and 
Scopus databases according to the aforementioned key words 
and Mesh terms. Of them, 140 studies were duplicates and the 
remaining 968 studies were screened by title and abstract and 
full text. Finally, 53 publications met the inclusion criteria and 
were included for quantitative analysis. Of 53 eligible studies, 
31 studies evaluated rs1800925 SNP and 45 studies evaluated 
rs20541 polymorphism. Among the included studies, some of 
them assessed one SNP (rs1800925 or rs20541) for two differ-
ent ethnicities in one country and have reported the results in 
one paper; therefore, we considered them as two case-control 
studies in the quantitative analysis, but one article in the search 
strategy. All included studies were conducted between 1999 to 
2018 and gained good methodological score, ranging from 5 to 
8. Furthermore, case-control design was the most common type 
among the studies. Table I and II summarize the characteristics 
and genotype frequency of the included studies.

Meta-analysis of IL13 gene rs20541 SNP and the risk of asthma
Overall, 45 studies with 10572 cases and 11575 healthy controls 
were considered eligible and included for the pooled quantitative 
analysis (23-64). Among these 45 studies, 9 studies were in Euro-
pean countries, 26 studies in Asian countries, 8 studies in American 
countries, and one study in Africa and one in Oceania. The pooled 
OR for the association between rs20541 polymorphism and asth-
ma risk revealed a significant correlation under all genotype mod-
els and highlighted this SNP as a predisposing factor for asthma: 
dominant model (OR = 1.18, 95% CI = 1.06-1.31, p < 0.001), 
recessive model (OR = 1.14, 95% CI = 1.03-1.27, p < 0.001), allel-

ic model (OR = 1.16, 95% CI = 1.07-1.27, p < 0.001), AA vs GG 
model (OR = 1.17, 95% CI = 1.04-1.30, p < 0.001), and GA vs 
GG model (OR = 1.14, 95% CI = 1.02-1.26, p < 0.01; figure 2). 
The results of pooled ORs, heterogeneity tests and publication bias 
tests in different analysis models are shown in table III.

Subgroup meta-analysis of IL13 gene rs20541 SNP and the 
risk of asthma
We categorize studies into different subgroups on the basis of con-
tinent and ethnicity. The results of pooled ORs, heterogeneity tests 
and publication bias tests for different analysis models are shown 
in table III. The results of subgroup analysis of rs20541 polymor-
phism and the risk of asthma based on the continent showed differ-
ent results. In details, there was no statistically association between 
rs20541 polymorphism and asthma risk in American population 
for all genetic models. Significant positive association was detected 
between rs20541 polymorphism and asthma risk in European pop-
ulation across dominant model (OR = 1.28, 95% CI = 1.06-1.53, 
p < 0.001), allelic model (OR = 1.17, 95% CI = 1.02-1.35, p = 
0.02), and GA vs GG model (OR = 1.33, 95% CI = 1.14-1.56, p 
< 0.001), but not recessive and homozygote model. Furthermore, 
the results revealed a strong significant association between rs20541 
polymorphism and asthma risk in Asian population under all geno-
type models except heterozygote model.

Figure 1 - Flow diagram of study selection process. 
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Table I - Characteristics of studies included in meta-analysis of overall asthma. 

Study author Year Country Continent Ethnicity Mean age
Cases/Controls

Total cases / 
control

Genotyping 
method

Quality 
score

IL13 (rs20541)  

Hakonarson et al. 2001 Iceland European Caucasian 38 / NR 94 / 94 Ampli Taq Gold 5

Howard et al. 2001 Netherlands European Caucasian 52.1 / 51 152 / 120 TaqMan 6

Kauppi et al. 2001 Finland European Caucasian NR / NR 163 / 132 Length-
multiplexed single-

base extension

6

Leung et al. 2001 China Asian East-Asian 10.3 / 11.4 157 / 54 RFLP-PCR 5

Xi et al. 2004 China Asian East-Asian NR / NR 43 / 31 RFLP-PCR 5

Liu et al. 2004 China Asian East-Asian NR / NR 100 / 100 RFLP-PCR 6

Donfack et al.(i) 2005 USA American Mixed NR / NR 205 / 183 LAS 6

Donfack et al.(ii) 2005 USA American Mixed NR / NR 126 / 205 LAS 6

Zhao et al. 2005 China Asian East-Asian NR / NR 130 / 100 RFLP-PCR 6

Bernstein et al. 2005 USA American Mixed NR / NR 62 / 79 RFLP-PCR 5

Wei et al. 2007 China Asian East-Asian NR / NR 32 / 20 RFLP-PCR 5

Hosseini et al. 2007 Iran Asian Middle-East 34 ± 11 / 33 ± 9 30 / 50 RFLP-PCR 5

Battle et al. 2007 USA American Mixed 19.4 / 29.9 261 / 174 RFLP-PCR 7

Chan et al. 2008 China Asian East-Asian 10.4 / 11 273 / 141 RFLP-PCR 6

Kang et al. 2008 South Korea Asian East-Asian 9.71 ± 2.4 / 10.19 ± 2 374 / 229 RFLP-PCR 7

Kim et al. 2008 South Korea Asian East-Asian 9.13 ± 2.65 / 10.20 ± 2.68 709 / 227 RFLP-PCR 7

Black et al. 2009 UK European Caucasian NR / NR 275 / 2462 Multiplex PCR 8

Daley et al. 2009 Australia Oceania Caucasian NR / NR 644 / 750 Illumina Assay 8

Jiang et al. 2009 China Asian East-Asian NR / NR 24 / 24 RFLP-PCR 5

Lianes et al. 2009 Spain European Caucasian 22.98 / 37.6 108 / 50 RFLP-PCR 5

Wang et al. 2009 Taiwan Asian East-Asian 7.82 ± 3.81 / 8.37 ± 2.45 446 / 505 TaqMan 8

Bottema et al. 2010 Dutch European Caucasian 31.8 ± 8.3 / 26.9 ± 5.4 114 / 89 Mass Array 5

Wu et al. 2010 China Asian East-Asian 8.8 / 9.2 252 / 227 RFLP-PCR 7

Yang et al. 2010 China Asian East-Asian NR / NR 178 / 158 NR 6

Zdorova et al. 2010 Russia European Caucasian NR / NR 283 / 227 MALDI-TOF 
mass spectrometry

7

Palikhe et al. 2010 Korea Asian East-Asian 42.29 ± 13.2 / 33.46 ± 14 463 / 430 SNAP shot 8

Undarmaa et al.(i) 2010 Japan Asian East-Asian 9.9 / 9.3 325 / 339 TaqMan 7

Undarmaa et al.(ii) 2010 Japan Asian East-Asian 45 / 43.2 367 / 676 TaqMan 8

Baye et al.(i) 2011 USA American Mixed 10.1 / 12 413 / 298 IGGAS 7

Baye et al.(ii) 2011 USA American Mixed 10.3 / 11.4 315 / 51 IGGAS 5

Yang et al. 2011 China Asian East-Asian 41.59 / 41.16 201 / 203 MALDI-TOF 6

Munoz et al. 2012 Mexico American Mixed 7.24 / 7.28 90 / 105 TaqMan 5

Liu et al. 2013 China Asian East-Asian 3-12 / 18.35 384 / 384 TaqMan 7

Shazia et al. 2013 Pakistan Asian South-Asian NR / NR 214 / 120 RFLP-PCR 6
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Study author Year Country Continent Ethnicity Mean age
Cases/Controls

Total cases / 
control

Genotyping 
method

Quality 
score

Berenguer et al. 2014 Portugal European Caucasian NR / NR 98 / 105 TaqMan 6

Aguilar et al. 2014 Mexico American Mixed 10.8 ± 2.9 / NR 421 / 430 TaqMan 8

Ramphul et al. 2015 Mauritius African African 17.1 / 18.22 189 / 189 TaqMan 7

Davoodi et al. 2015 India Asian South-Asian NR / NR 100 / 50 Mass Array 6

Hua et al. 2015 China Asian East-Asian 4.9 / 23.32 1000 / 1000 TaqMan 8

Resende et al. 2016 Poland European Caucasian 11.5 / 12.1 147 / 192 RFLP-PCR 6

Wan et al. 2016 China Asian East-Asian 39.32 / 56.06 103 / 125 TaqMan 5

Adjers et al. 2017 Singapore Asian Southeast -Asian 10.3 ± 8.2 / 10.0 ± 9.1 118 / 70 TaqMan 5

Alasandagutti et al. 2017 India Asian South-Asian NR / NR 120 / 120 RFLP-PCR 5

Halwani et al. 2017 Saudi Arabia Asian Middle-East NR / NR 232 / 228 Sanger-sequenced 6

Zhang et al. 2018 China Asian East-Asian 9.00 ± 2.78/ 8.21 ± 2.72 37 / 29 TaqMan 5

IL13 (rs1800925)  

Kraan et al. 1999 Netherlands European Caucasian NR / NR 101 / 107 EMSA 5

Howard et al. 2001 Netherlands European Caucasian 52.1 / 51 171 / 119 TaqMan 6

Donfack et al.(i) 2005 USA American Mixed NR / NR 126 / 205 LAS 6

Donfack et al.(ii) 2005 USA American Mixed NR / NR 205 / 183 LAS 6

Moissidis et al. 2005 USA American Mixed NR / NR 61 / 157 RFLP-PCR 5

Battle et al. 2007 USA American Mixed 24.5 /29.9 261 / 174 RFLP-PCR 7

Kang et al. 2008 South Korea Asian East-Asian 9.71 ± 2.42 / 10.19 ± 2.91 374 / 241 RFLP-PCR 7

Kim et al. 2008 South Korea Asian East-Asian 9.13 ± 2.65 / 10.20 ± 2.68 716 / 241 RFLP-PCR 7

Black et al. 2009 UK European Caucasian NR / NR 263 / 2362 Multiplex PCR 8

Daley et al. 2009 Australia Oceania Caucasian NR / NR 642 / 751 Illumina Assay 8

Wang et al. 2009 Taiwan Asian East-Asian 7.820 ± 3.81 / 8.37 ± 2.45 446 / 511 TaqMan 8

Lianes et al. 2009 Spain European Caucasian 22.9 /37.6 109 / 50 RFLP-PCR 5

Bottema et al. 2010 Netherlands European Caucasian 31.8 ± 8.3 /  
26.9 ± 5.4

115 / 92 Mass ARRAY 5

Dewan et al. 2010 USA American Mixed NR / NR 104 / 503 Affymetrix 7

Zdorova et al. 2010 Russia European Caucasian NR / NR 283 / 227 MALDI-TOF 7

Undarmaa et al. 2010 Japan Asian East-Asian 9.9 / 9.3 325 / 336 TaqMan 7

Wu et al. 2010 China Asian East-Asian 8.8 / 9.2 252 / 227 PCR-RFLP 7

Baye et al.(i) 2011 USA American Mixed NR / NR 413 / 298 IGGAS 7

Baye et al.(ii) 2011 USA American Mixed NR / NR 315 / 51 IGGAS 5

Noguch et al. 2011 Japan Asian East-Asian NR / NR 938 / 2376 GWAS 8

Yang et al. 2011 China Asian East-Asian 41.59 / 41.16 193 / 204 MALDI-TOF 6

Munoz et al. 2012 Mexico American Mixed 7.20 ± 0.9 / 7.5 ± 0.86 90 / 111 TaqMan 5

Liu et al. 2012 China Asian East-Asian 3.12 / 18.36 384 / 384 TaqMan 7

Dixit et al. 2014 India Asian South-Asian 6.29 ± 3.28 / 6.08 ± 3.22 275 / 275 RFLP-PCR 7

Li et al. 2014 China Asian East-Asian 8.4 ± 2.7 / 7.9 ± 3.2 491 / 505 TaqMan 8

Aguilar et al. 2014 Mexico American Mixed 10.8 ± 2.9 / NR 421 / 430 TaqMan 8
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Study author Year Country Continent Ethnicity Mean age
Cases/Controls

Total cases / 
control

Genotyping 
method

Quality 
score

Li et al. 2015 China Asian East-Asian 5 / 5.06 652 / 752 SNaP Shot Assay 8

Ramphul et al. 2015 Mauritius African African 12.4 / 18.22 190 / 187 TaqMan 6

Hua et al. 2015 China Asian East-Asian 4.9 / 23.32 1000 / 1000 TaqMan 8

Wan et al. 2016 China Asian South-Asian 10.32 ± 8.23 / 10.09 ± 9.16 103 / 125 RFLP-PCR 5

Alasandagutti et al. 2017 India Asian South-Asian 34.1 / 34.1 120 / 120 RFLP-PCR 5

NR: not reported.

For more detailed information, we stratified the included studies based 
on ethnicity. According to this subgroup, people with mixed ethnicity 
which were mostly combination of Caucasians, Latins, and Ameri-
can-Africans were not affected by rs20541 polymorphism. However, 
there was significant association between rs20541 polymorphism and 
asthma risk in dominant, allelic and heterozygote models for Cau-
casian population. Eventually we categorized Asian populations to 
East-Asian, South-Asian and Middle-East. Interestingly, significant 
associations were observed in the South-Asian and Middle-East pop-
ulations, but no significant association was observed between rs20541 
polymorphism and asthma risk in East-Asian populations (table III).

Meta-analysis of IL13 gene rs1800925 SNP and the risk of asthma
Overall, 31 studies containing 10139 cases and 13304 healthy 
controls were included to evaluate the association between IL13 
gene rs1800925 polymorphism and asthma risk (24, 29, 33, 35-
38, 41-45, 47, 48, 50, 51, 54, 55, 59, 61, 65-71). Of which, 
6 studies were in European countries, 14 studies were in Asian 
countries, 9 studies were in American countries, 1 study in Af-
rica, and 1 in Oceania. The results of overall pooled analysis in-
dicated no significant association between IL13 gene rs1800925 
polymorphism and asthma risk under four genotype models. 
However, a protective significant association was observed just in 

Figure 2 - Pooled odds OR and 95% confidence interval of individual studies and pooled data for the association IL-13 rs20541 polymorphism 
and the risk of asthma in overall populations and subgroup analysis for A: recessive model (overall population); B: recessive model (subgroup 
analysis).
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Figure 3 - Pooled odds OR and 95% confidence interval of indi-
vidual studies and pooled data for the association IL-13 rs1800925 
polymorphism and the risk of asthma in overall populations and 
subgroup analysis for A: Dominant model (overall population); B: 
Dominant model (subgroup analysis).
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recessive model (OR = 0.85, 95% CI = 0.78-0.94, p < 0.001). 
Figure 3 shows the overall analysis and subgroup analysis of IL13 
gene rs1800925 SNP in the dominant model.

Subgroup meta-analysis of IL13 gene rs1800925 SNP and 
the risk of asthma
Similar to rs20541, we stratified eligible studies based on the 
continent which studies were performed as well as the ethnicity. 
The analyses demonstrated that rs1800925 was not significantly 
associated with the risk of asthma in the American population. 
However, significant association was detected for European popu-
lations under dominant model (OR = 1.52, 95% CI = 1.24-1.86, 
p < 0.001), allelic model (OR = 1.40, 95% CI = 1.02-1.90, p = 
0.03), and CT vs CC model (OR = 1.51, 95% CI = 1.23-1.87, p 
< 0.001), but not recessive and homozygote models. In addition, 
rs1800925 SNP was detected as a protective SNP in Asians for the 
TT vs CC (OR = 0.82, 95% CI = 0.69-0.97, p = 0.02) and the 
recessive models (OR = 0.81, 95% CI = 0.71-0.91, p < 0.001). 
Furthermore, ethnicity-specific subgroup indicated associations 
between rs1800925 and asthma risk in Caucasians (dominant 
model (OR = 1.37, 95% CI = 1.03-1.82, p = 0.03), TC vs CC 
model (OR = 1.33, 95% CI = 1.03-1.72, p = 0.03)), East-Asians 
(recessive model (OR = 0.82, 95% CI = 0.72-0.93, p < 0.001), 
TT vs CC model (OR = 0.79, 95% CI = 0.65-0.95, p = 0.01)), 
South-Asians (TC vs CC model (OR = 2.91, 95% CI = 1.17-7.21, 
p = 0.03)), but not countries with mixed ethnicity (table III).

Publication bias
Publication bias was estimated by using funnel plot, Begg’s and 
Egger’s tests. No evidence of publication bias was seen for overall 
population and subgroup analysis under all genetic models. Ad-
ditionally, the shape of the funnel plot for the dominant model of 
rs1800925 and rs20541 SNPs appeared to be symmetrical, demon-
strating that there was no significant publication bias (figure 4).

Sensitivity analysis
Sensitivity analysis was conducted after successive omission of 
each eligible study. The significance of the pooled ORs was not 
affected by any single study, indicating that our results were sta-
tistically robust (figure 5).

Meta-regression analyses
Meta-regression analyses were performed to explore potential 
sources of heterogeneity among included studies (table IV). The 
findings indicated that none of the expected heterogeneity pa-
rameters were the source of heterogeneity (figure 6).

Discussion

Up to now, numerous replication case-control investigations have 
tried to decipher the association of IL13 gene polymorphisms 

and risk of asthma. That notwithstanding, these disperse investi-
gation demonstrated incongruous reports. Diversity in the race of 
included populations, heterogenicity in the diagnostic criteria of 
the diseases, lack of statistical power, limited sample sizes, and the 
linkage disequilibrium (LD) between different genes or variations 
may be the underlying cause of such conflicting observations (72). 
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Table II - Distribution of genotype and allele among asthma patients and controls.

Study author Asthma cases Healthy control P-HWE MAF

GG GA AA G A GG GA AA G A

IL13 (rs20541)

Hakonarson et al. 66 25 3 157 31 64 27 3 155 33 0/94 0/175

Howard et al. 89 52 11 230 74 67 44 9 178 62 0/63 0/258

Kauppi et al. 64 82 17 210 116 62 51 19 175 89 0/11 0/337

Leung et al. 54 74 29 182 132 21 26 7 68 40 0/81 0/37

Xi et al. 10 25 8 45 41 16 13 2 45 17 0/76 0/274

Liu et al. 27 54 19 108 92 44 46 10 134 66 0/68 0/33

Donfack et al.(i) 132 68 5 332 78 126 53 4 305 61 0/56 0/166

Donfack et al.(ii) 78 41 7 197 55 127 73 5 327 83 0/14 0/202

Zhao et al. 18 60 52 96 164 8 42 50 58 142 0/84 0/71

Bernstein et al. 32 26 4 90 34 48 24 7 120 38 0/13 0/24

Wei et al. 18 8 6 44 20 15 3 2 33 7 0/03 0/175

Hosseini et al. 11 13 6 35 25 34 10 6 78 22 0/003 0/22

Battle et al. 171 81 9 423 99 117 52 5 286 62 0/78 0/178

Chan et al. 94 136 43 324 222 54 70 17 178 104 0/43 0/368

Kang et al. 160 166 48 486 262 101 100 28 302 156 0/67 0/34

Kim et al. 301 318 90 920 498 99 100 28 298 156 0/72 0/343

Black et al. 166 98 11 430 120 1729 657 76 4115 809 0/16 0/164

Daley et al. 426 196 22 1048 240 520 209 21 1249 251 0/99 0/167

Jiang et al. 20 2 2 42 6 18 5 1 41 7 0/42 0/145

Lianes et al. 68 38 2 174 42 41 8 1 90 10 0/43 0/1

Wang et al. 203 194 49 600 292 212 234 59 658 352 0/64 0/348

Bottema et al. 57 51 6 165 63 62 24 3 148 30 0/72 0/168

Wu et al. 105 111 36 321 183 125 84 18 334 120 0/46 0/264

Yang et al. 71 60 47 202 154 73 66 19 212 104 0/49 0/329

Zdorova et al. 144 116 23 404 162 125 85 17 335 119 0/62 0/262

Palikhe et al. 207 200 56 614 312 206 174 50 586 274 0/15 0/318

Undarmaa et al.(i) 145 144 36 434 216 156 149 34 461 217 0/85 0/32

Undarmaa et al.(ii) 166 162 39 494 240 322 289 65 933 419 0/98 0/309

Baye et al.(i) 230 157 26 617 209 183 101 14 467 129 0/98 0/216

Baye et al.(ii) 220 87 8 527 103 36 14 1 86 16 0/78 0/156

Yang et al. 105 73 23 283 119 90 80 33 260 146 0/03 0/359

Munoz et al. 17 52 21 86 94 17 65 23 99 111 0/01 0/528

Liu et al. 180 154 50 514 254 199 164 21 562 206 0/08 0/268

Shazia et al. 81 64 69 226 202 47 44 29 138 102 < 0.001 0/425

Berenguer et al. 69 27 2 165 31 71 32 2 174 36 0/45 0/171

Aguilar et al. 156 202 63 514 328 176 189 65 541 319 0/22 0/37

Ramphul et al. 93 76 20 262 116 83 93 13 259 119 0/05 0/314

Davoodi et al. 89 3 8 181 19 45 0 5 90 10 < 0.001 0/1
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Study author Asthma cases Healthy control P-HWE MAF

GG GA AA G A GG GA AA G A

Hua et al. 470 423 107 1363 637 390 486 124 1266 734 0/14 0/367

Resende et al. 92 50 5 234 60 136 52 4 324 60 0/7 0/156

Wan et al. 43 45 15 131 75 71 43 11 185 65 0/23 0/26

Adjers et al. 28 65 25 121 115 34 29 7 97 43 0/82 0/307

Alasandagutti et al. 67 19 34 153 87 43 35 42 121 119 < 0.001 0/495

Halwani et al. 141 79 12 361 103 175 47 6 397 59 0/19 0/129

Zhang et al. 7 10 20 24 50 11 13 5 35 23 0/73 0/396

Study author Asthma cases Healthy control P-HWE MAF

CC CT TT C T CC CT TT C T

IL13 (rs1800925)

Kraan et al. 57 31 13 145 57 77 28 2 182 32 0/76 0/149

Howard et al. 99 63 9 261 81 87 30 2 204 34 0/74 0/142

Donfack et al.(i) 72 42 12 186 66 126 71 8 323 87 0/6 0/212

Donfack et al.(ii) 69 100 36 238 172 66 85 32 217 149 0/6 0/407

Moissidis et al. 13 36 12 62 60 62 75 20 199 115 0/71 0/366

Battle et al. 9 81 171 99 423 5 52 117 62 286 0/78 0/821

Kang et al. 236 128 10 600 148 156 79 6 391 91 0/27 0/188

Kim et al. 455 236 25 1146 286 155 80 6 390 92 0/24 0/19

Black et al. 158 98 7 414 112 1609 673 80 3891 833 0/35 0/176

Daley et al. 425 195 22 1045 239 490 234 27 1214 288 0/88 0/191

Wang et al. 321 113 12 755 137 357 136 18 850 172 0/26 0/168

Lianes et al. 36 53 20 125 93 17 14 19 48 52 < 0.001 0/52

Bottema et al. 67 43 5 177 53 65 23 4 153 31 0/3 0/168

Dewan et al. 5 34 65 44 164 23 171 309 217 789 0/91 0/784

Zdorova et al. 23 116 144 162 404 17 85 125 119 335 0/62 0/737

Undarmaa et al. 186 119 20 491 159 227 98 11 552 120 0/91 0/178

Wu et al. 36 111 105 183 321 18 84 125 120 334 0/46 0/735

Baye et al.(i) 26 157 230 209 617 14 101 183 129 467 0/98 0/783

Baye et al.(ii) 8 87 220 103 527 1 14 36 16 86 0/78 0/843

Noguch et al. 113 438 387 664 1212 232 1033 1111 1497 3255 0/71 0/684

Yang et al. 144 43 6 331 55 148 50 6 346 62 0/48 0/151

Munoz et al. 45 34 11 124 56 58 46 7 162 60 0/59 0/27

Liu et al. 285 84 15 654 114 288 80 16 656 112 < 0.001 0/145

Dixit et al. 109 121 45 339 211 135 77 63 347 203 0 0/369

Li et al. 400 85 6 885 97 353 143 9 849 161 0/2 0/159

Aguilar et al. 202 177 42 581 261 185 189 56 559 301 0/48 0/35

Li et al. 450 187 15 1087 217 527 208 17 1262 242 0/5 0/16

Ramphul et al. 120 61 9 301 79 110 69 8 289 85 0/48 0/227

Hua et al. 683 282 35 1648 352 685 281 34 1651 349 0/43 0/174

Wan et al. 48 42 13 138 68 80 38 7 198 52 0/38 0/208

Alasandagutti et al. 67 41 12 175 65 97 12 11 206 34 0 0/141
P-HWE: P-value for Hardy-Weinberg equilibrium; MAF: minor allele frequency of control group.
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Table III - Main results of pooled ORs in meta-analysis of IL13 gene polymorphisms in asthma patients.

Subgroup Sample size Test of association Test of 
heterogeneity

Test of publication 
bias (Begg’s test)

Test of publication 
bias (Egger’s test)

Genetic model Case/Control OR 95% CI (P-value) I2 (%) p z p t p

IL13 (rs20541)

Overall Dominant model 1.18 1.06 - 1.31 (< 0.001) 59.3 < 0.001 1.09 0.27 2.59 0.01

Recessive model 1.14 1.03 - 1.27 (< 0.001) 15.1 0.19 1.25 0.21 2.04 0.04

Allelic model 10572 / 11575 1.16 1.07 - 1.27 (< 0.001) 63.3 < 0.001 1.52 0.12 3.09 0.004

AA vs GG 1.117 1.04 - 1.30 (< 0.001) 36.4 0.06 0.97 0.33 2.48 0.01

GA vs GG 1.14 1.02 - 1.26 (0.01) 53.2 < 0.001 0.16 0.87 1.67 0.10

Subgroup by continent

Asian Dominant model 1.20 1.04 - 1.38 (0.01) 62 < 0.001 1.70 0.09 3.09 0.005

Recessive model 1.20 1.06 - 1.35 (< 0.001) 47.9 < 0.001 1.92 0.05 2.47 0.01

Allelic model 6441 / 5767 1.22 1.08 - 1.38 (< 0.001) 71.7 < 0.001 1.83 0.06 3.51 0.002

AA vs GG 1.20 1.05 - 1.36 (0.007) 54.1 < 0.001 1.65 0.09 3.11 0.005

vs 1.02 0.94 - 1.11 (0.65) 53.1 0.83 0.75 0.45 1.96 0.06

European Dominant model 1.28 1.06 - 1.53 (< 0.001) 26.6 0.20 0 1 0.62 0.55

Recessive model 0.97 0.69 - 1.37 (0.87) 0 0.96 - 1.25 0.21 - 0.66 0.53

Allelic model 1463 / 3568 1.17 1.02 - 1.35 (0.02) 19.7 0.26 -0.83 0.40 - 0.77 0.46

AA vs GG 1.09 0.77 - 1.56 (0.61) 0 0.96 - 1.25 0.21 - 0.92 0.39

GA vs GG 1.33 1.14 - 1.56 (< 0.001) 27.7 0.19 0 1 - 0.41 0.69

American Dominant model 1.15 0.97 - 1.35 (0.10) 0 0.93 - 1.35 0.17 - 1.11 0.31

Recessive model 1.09 0.82 - 1.46 (0.55) 0 0.90 0.45 0.65 0.97 0.37

Allelic model 1688 / 1342 1.10 0.97 - 1.25 (0.12) 0 0.93 0.15 0.88 - 0.44 0.67

AA vs GG 1.17 0.85 - 1.61 (0.32) 0 0.94 0.45 0.65 0.54 0.61

GA vs GG 1.14 0.96 - 1.35 (0.14) 0 0.83 - 0.45 0.65 - 0.86 0.43

Subgroup by Ethnicity

Caucasian Dominant model 1.25 1.11 - 1.42 (< 0.001) 22.8 0.23 0.27 0.78 - 0.07 0.94

Recessive model 1.02 0.75 - 1.38 (0.89) 0 0.97 - 1.70 0.08 - 0.96 0.36

Allelic model 2107/ 4318 1.17 1.04 - 1.31 (< 0.001) 11.2 0.34 - 0.63 0.53 - 0.47 0.65

AA vs GG 1.13 0.83 - 1.54 (0.43) 0 0.97 - 1.52 0.12 - 1.16 0.28

GA vs GG 1.27 1.12 - 1.45 (< 0.001) 26.4 0.20 0.45 0.65 0.21 0.84

Mixed Dominant model 1.15 0.97 - 1.35 (0.10) 0 0.93 - 1.35 0.17 - 1.11 0.31

Recessive model 1.09 0.82 - 1.46 (0.55) 0 0.90 0.45 0.65 0.97 0.37

Allelic model 1688 / 1342 1.10 0.97 - 1.25 (0.12) 0 0.93 0.15 0.88 - 0.44 0.67

AA vs GG 1.17 0.85 - 1.61 (0.32) 0 0.94 0.45 0.65 0.54 0.61

GA vs GG 1.14 0.96 - 1.35 (0.14) 0 0.83 - 0.45 0.65 - 0.86 0.43

East-Asian Dominant model 1.02 0.94 - 1.10 (0.69) 57.8 < 0.001 1.49 0.13 2.44 0.02

Recessive model 1.13 0.99 - 1.29 (0.06) 51.7 < 0.001 2.21 0.2 2.70 0.01

Allelic model 5642 / 5074 1.14 1 - 1.29 (0.04) 70.1 < 0.001 1.56 0.11 2.76 0.01

AA vs GG 1.13 0.98 - 1.30 (0.09) 59.1 < 0.001 1.69 0.09 2.61 0.01

GA vs GG 0.98 0.90 - 1.07 (0.71) 39.5 0.03 0.39 0.69 1.620 0.12

Middle-East Dominant model 2.30 1.55 - 3.41 (< 0.001) 0 0.35 1 0.31 - -
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Subgroup Sample size Test of association Test of 
heterogeneity

Test of publication 
bias (Begg’s test)

Test of publication 
bias (Egger’s test)

Genetic model Case/Control OR 95% CI (P-value) I2 (%) p z p t p

Recessive model 1.94 0.79 - 4.74 (0.14) 0 0.92 - 1 0.31 - -

Allelic model 262 / 278 2.01 1.45 - 2.80 (< 0.001) 0 0.51 1 0.31 - -

AA vs GG 2.68 1.07 - 6.72 (0.03) 0 0.82 - 1 0.31 - -

GA vs GG 2.25 1.48 - 3.43 (< 0.001) 0.6 0.31 - 1 0.31 - -

South-Asian Dominant model 1.16 0.81 - 1.67 (0.40) 0 0.79 0.52 0.60 0.10 0.93

Recessive model 1.71 1.18 - 2.49 (< 0.001) 19.8 0.28 - 0.52 0.60 - 1.06 0.48

Allelic model 434 / 290 1.36 1.01 - 1.83 (0.04) 24.2 0.26 0.52 0.60 - 0.41 0.57

AA vs GG 1.51 1 - 2.30 (0.51) 0 0.48 - 0.52 0.60 - 1.13 0.46

GA vs GG 0.78 0.49 - 1.23 (0.28) 0 0.64 - 1 0.31 - -

IL13 (rs1800925)

Overall Dominant model 1.09 0.94 - 1.26 (0.15) 70.3 < 0.001 0.54 0.58 0.95 0.35

Recessive model 0.85 0.78 - 0.94 (< 0.001) 21.9 0.14 3.17 0.002 4.18 0.005

Allelic model 10139/ 13304 1.04 0.95 - 1.15 (0.37) 70.1 < 0.001 2.48 0.01 3.03 0.005

TT vs CC 0.90 0.79 - 1.03 (0.08) 29.8 0.06 2.21 0.02 3.47 0.003

TC vs CC 1.11 0.98 - 1.27 (0.10) 61.9 < 0.001 0.68 0.49 0.98 0.33

Subgroup by continent 

Asian Dominant model 1.02 0.81 - 1.29 (0.84) 81.6 < 0.001 0.73 0.46 0.46 0.65

Recessive model 0.81 0.71 - 0.91 (< 0.001) 18.7 0.25 1.83 0.06 2.04 0.06

Allelic model 5254/ 6251 1 0.84 - 1.18 (0.96) 81.2 < 0.001 0.61 0.54 1.48 0.16

TT vs CC 0.82 0.69 - 0.97 (0.02) 50.9 0.01 1.46 0.14 1.66 0.12

TC vs CC 1.06 0.84 -1.36 (0.61) 81.1 < 0.001 1.10 0.27 0.81 0.43

European Dominant model 1.52 1.24 - 1.86 (< 0.001) 0 0.41 - 0.21 0.83 0.70 0.50

Recessive model 0.93 0.67 - 1.28 (0.63) 42.5 0.13 2.71 0.002 5.21 0.001

Allelic model 933 / 2907 1.40 1.02 - 1.90 (0.03) 70.9 < 0.001 1.88 0.06 2.44 0.04

TT vs CC 1.16 0.70 - 1.90 (0.56) 42.7 0.13 0.21 0.83 1.44 0.19

TC vs CC 1.51 1.23 - 1.87 (< 0.001) 0 0.74 - 0.42 0.67 0.66 0.53

American Dominant model 1996 / 2112 1.01 0.82 - 1.24 (0.90) 10.1 0.35 - 0.98 0.32 0.31 0.77

Recessive model 0.94 0.79 - 1.11 (0.46) 18.5 0.27 1.96 0.05 1.91 0.15

Allelic model 1.01 0.87 - 1.18 (0.85) 39.6 0.10 0.98 0.32 1.53 0.22

TT vs CC 0.99 0.75 - 1.32 (0.97) 34.9 0.13 1.96 0.05 3.01 0.05

TC vs CC 0.98 0.81 - 1.19 (0.86) 0 0.65 - 0.98 0.32 - 0.07 0.94

Subgroup by Ethnicity

Caucasian Dominant model 1.37 1.03 - 1.82 (0.03) 61.5 0.02 - 0.19 0.85 1.37 0.24

Recessive model 0.93 0.70 - 1.24 (0.62) 28.2 0.22 1.32 0.18 2.02 0.07

Allelic model 1575 / 3658 1.28 0.99 - 1.65 (0.05) 72.9 < 0.001 1.32 0.18 2.30 0.08

TT vs CC 1.06 0.72 - 1.57 (0.75) 31.2 0.20 2.07 0.03 3.04 0.04

TC vs CC 1.33 1.03 - 1.72 (0.03) 48.9 0.08 - 0.94 0.34 1.13 0.32

Mixed Dominant model 1.01 0.82 - 1.24 (0.90) 10.1 0.35 - 0.21 0.83 0.70 0.50

Recessive model 0.94 0.79 - 1.11 (0.46) 18.5 0.27 2.71 0.002 5.21 0.001

Allelic model 1996 / 2112 1.01 0.87 - 1.18 (0.85) 39.6 0.10 1.88 0.06 2.44 0.04

TT vs CC 0.99 0.75 - 1.32 (0.97) 34.9 0.13 0.21 0.83 1.44 0.19
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Subgroup Sample size Test of association Test of 
heterogeneity

Test of publication 
bias (Begg’s test)

Test of publication 
bias (Egger’s test)

Genetic model Case/Control OR 95% CI (P-value) I2 (%) p z p t p

TC vs CC 0.98 0.81 - 1.19 (0.86) 0 0.65 - 0.42 0.67 0.66 0.53

East-Asian Dominant model 0.92 0.73 - 1.14 (0.44) 77.6 < 0.001 0.08 0.93 - 0.40 0.69

Recessive model 0.82 0.72 - 0.93 (< 0.001) 25.7 0.19 1.32 0.18 2.02 0.07

Allelic model 4859 / 5856 0.94 0.79 - 1.12 (0.48) 79.9 < 0.001 - 0.08 0.93 0.81 0.43

TT vs CC 0.79 0.65 - 0.95 (0.01) 55.6 0.01 1.17 0.24 1.37 0.20

TC vs CC 0.93 0.75 - 1.14 (0.48) 72 < 0.001 - 0.08 0.93 - 0.35 0.73

South-Asian Dominant model 2.12 0.95 - 4.73 (0.06) 80.5 0.02 1 0.31 - -

Recessive model 0.72 0.47 - 1.08 (0.11) 0 0.33 1 0.31 - -

Allelic model 395 / 395 1.50 0.72 - 3.12 (0.28) 86 < 0.001 1 0.31 - -

TT vs CC 0.99 0.64 - 1.53 (0.95) 7 0.30 1 0.31 - -

TC vs CC 2.91 1.17 - 7.21 (0.02) 77 0.03 1 0.31 - -

Meta-analysis confers an appropriate technique to solve the issue 
of inconsistency through tackling the limitation of insufficient sta-
tistical power and small sample size present in the individual stud-
ies. As a consequence, in order to come up with a solution for the 
mentioned limitations with respect to IL13 gene polymorphisms, 
the current most up-to-date meta-analysis was carried oud, in order 
to achieve a bona fide estimation of the association between IL13 
gene rs20541 and rs1800925 polymorphisms and the risk of asth-
ma. Asthma is a chronic inflammatory disorder of the airways. The 
disease has been attributed with hyperactivity of Th2 responses of 
the immune system, in which the cytokines of the type 2 immu-
nity, including IL-4, IL-5, and IL-13 promotes harmful events in 
the airways. IL-13 has been demonstrated to cause differentiation 
of goblet cells, bronchial hyperresponsiveness, fibroblast activation, 
and isotype switching of B cell antibody production to IgE (73). 
Targeting IL-13 in clinical trials has revealed an amelioration in the 
clinical presentations of asthma, suggesting the role of IL-13 in the 
pathogenesis of asthma (74). In addition, exogenous administration 
of IL-13 into airways in the animal models was shown to establish 
an inflammatory state by enhanced infiltration of eosinophils, and 
exacerbation of asthmatic responses, such airway hyperresponsive-
ness and contraction of the airway muscle (75). Moreover, blocking 
the IL-13 suppress the production of mucus (76).
Among the genes associated with asthma risk, IL13 gene poly-
morphisms have been vastly surveyed. Functionally, IL13 gene 
− 1112C/T (rs1800925) polymorphism was associated with up-
regulation IL-13 mRNA expression in the polarized Th2 cells as 
well as promoted release of this cytokine by mitogen-stimulated 
mononuclear cells (77). Additionally, the AA genotype of the 
IL13 gene + 2044A/G (rs20541) polymorphism was reported to 
upregulate the IL-13 mRNA expression and reduce the affinity 
of IL-13 for binding to IL-13 receptor (78). As a result, these 
two SNPs in the IL13 gene are involved in modulation of the 
cytokine level and contribution to the pathogenesis of asthma.

Figure 4 - Begg’s funnel plot for publication bias test in overall analy-
sis. Each point represents a separate study for the indicated association. 
A: Dominant model (rs20541); B: Dominant model (rs1800925).
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The latest meta-analysis by Mei et al. in 2017, by including 25 
case-control studies, indicated that rs20541 polymorphism was 
associated in the overall analysis (OR = 1.49, 95% CI = 1.11-
2.01) as well as in the Asian population in children (OR = 1.59, 
95% CI = 1.05-2.40) (79). However, in the current meta-anal-
ysis, 45 case-control studies for rs20541 polymorphism, con-
taining 10572 cases and 11575 healthy controls, were included. 
At the moment, this is the largest and most comprehensive me-
ta-analysis of the IL13 gene rs20541 polymorphism and asthma 
risk that considerably improved the sample size in comparison 

to the previous meta-analysis studies. In the pooled analysis, we 
observed than all of the genetic comparisons, including domi-
nant (OR = 1.18), recessive (OR = 1.14), allelic (OR = 1.16), 
AA vs GG (OR = 1.17), and GA vs GG (OR = 1.14) models 
increased the susceptibility of asthma. In the subgroup analysis, 
it was detected that rs20541 polymorphism was not significantly 
associated with asthma risk in American population, while dom-
inant (OR = 1.28), allelic (OR = 1.17), and GA vs GG (OR = 
1.33) models increased asthma risk in Europeans. Additionally, 
except the heterozygote model, a strong significant association 
between rs20541 polymorphism and asthma risk in Asian popu-
lation was detected. Additionally, the meta-analysis performed in 
2011 (80) indicated that the allelic model of rs20541 was associ-
ated with an increased risk of asthma in Asians (OR 1.436, 95% 
CI = 1.101-1.873). To attain more precise conclusion, we per-

Figure 5 - Sensitivity analysis in present meta-analysis investigates 
the individual influence of studies on pooled results. A: Dominant 
model (rs20541); B: Dominant model (rs1800925).

Figure 6 - Meta-regression plots of the association between IL-13 gene 
polymorphism and risk of asthma. A: Dominant model based on publi-
cation year (rs20541); B: Allelic model based on continent (rs1800925).
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Table IV - Meta-regression analyses of potential source of heterogeneity. 

95% CIP-valueTSECoefficientHeterogeneity Factor

LLULIL13 (rs20541)

0.037- 0.0350.950.060.0180.0011Dominant modelPublication Year

0.1012- 0.00800.0931.720.02700.046Recessive model

0.0427- 0.01130.241.170.01340.157Allelic model

0.0789- 0.04890.630.470.0310.0150AA vs GG

0.030- 0.0430.72- 0.350.018- 0.006GA vs GG

0.059- 0.2520.21- 1.250.077- 0.096Dominant modelContinent

0.118- 0.3750.299- 1.050.122- 0.128Recessive model

0.027- 0.2060.13- 1.550.0580- 0.089Allelic model

0.095- 0.4560.19- 1.320.136- 0.180AA vs GG

0.098- 0.2110.46- 0.730.076- 0.056GA vs GG

0.049- 0.3400.14- 1.500.096- 0.145Dominant modelGenotyping Methods

0.307- 0.3020.980.020.1510.002Recessive model

0.066- 0.2300.27- 1.120.073- 0.082Allelic model

0.187- 0.4970.36- 0.910.169- 0.155AA vs GG

0.076- 0.3130.22- 1.220.096- 0.118GA vs GG

IL13 (rs1800925)

0.041- 0.074  0.56- 0.580.028- 0.016Dominant modelPublication Year

0.033- 0.2220.11- 2.780.046- 0.128Recessive model

0.009- 0.0700.12- 1.580.019- 0.030Allelic model

0.069- 0.3110.23- 3.240.058- 0.190TT vs CC

0.095- 0.0550.580.550.0360.020TC vs CC

0.156- 0.2720.58- 0.560.104- 0.058Dominant modelContinent

0.396- 0.3300.850.190.1770.032Recessive model

0.121- 0.1740.71- 0.370.072- 0.026Allelic model

0.548- 0.4850.900.130.2510.031TT vs CC

0.160- 0.3970.39- 0.870.136- 0.118TC vs CC

0.056- 0.5470.10- 1.670.147- 0.245Dominant modelGenotyping Methods

0.634- 0.4650.750.320.2670.084Recessive model

0.124- 0.3100.38- 0.880.106- 0.092Allelic model

0.749- 0.7860.96- 0.050.374- 0.018TT vs CC

0.016- 0.7590.06- 1.960.189- 0.371TC vs CC
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formed subgroup analysis based on the genetic stratification of 
the study subjects. It was divulged that rs20541 polymorphism 
was not a genetic risk factor for asthma in subjects with mixed 
ethnicity (mostly composed of Caucasians, Latins, and Amer-
ican-Africans). In addition, dominant, allelic and heterozygote 
models of rs20541 polymorphism were associated with asthma 
risk in Caucasians. Ultimately, we categorized Asian populations 
to East-Asian, South-Asian and Middle-East populations. Inter-
estingly, significant associations were observed between rs20541 
polymorphism and asthma risk in the South-Asian and Mid-
dle-East populations, but no significant association was observed 
in East-Asians. Interestingly, meta-regression analysis revealed 
that publication year, continent of the included patients and ge-
notyping method were not source of heterogenicity in evaluating 
rs20541 polymorphism. Nonetheless, the diversity in the study 
design as well as genetic background of the populations between 
the different races/ethnicities/countries might be the possible 
reason for inconsistent results among the different populations.
The previous meta-analysis of IL13 gene rs1800925 polymor-
phism in 2013, by including 22 studies (containing 5834 cases 
and 8110 controls), indicated that the dominant genetic model 
increased the risk of asthma (OR = 1.20, 95% CI = 1.08-1.34). 
Moreover, rs1800925 polymorphism was associated with increased 
asthma risk in Caucasians (OR = 1.30, 95% CI 1.09-1.55), but 
no significant association was found in Asians and African Amer-
icans (81). In addition, the meta-analysis in 2011 indicated that 
rs1800925 polymorphism was not associated with asthma risk in 
Asians (80). In the current meta-analysis, on the other hand, 31 
studies, containing 10139 cases and 13304 healthy controls for 
rs1800925 polymorphisms were retrieved. The results of overall 
pooled analysis revealed no significant association between IL13 
gene rs1800925 polymorphism and asthma risk under different 
genotype models except for recessive model (OR = 0.86), which 
decreased asthma risk. In the subgroup analysis, it was revealed that 
rs1800925 was not significantly associated with the risk of asthma 
in Americans. Nonetheless, dominant (OR = 1.52), allelic (OR = 
1.40), and CT vs CC (OR = 1.51) models were associated with in-
creased susceptibility to asthma in the European populations. Fur-
thermore, recessive and homozygote models decreased the risk of 
asthma in the Asians. Additionally, subgroup analysis based on the 
ethnicity-specific stratification supported the positive association of 
rs1800925 and asthma risk in Caucasians (dominant and TC vs 
CC) and South-Asian (just in TC vs CC). However, this association 
was negative in East-Asian (dominant and TT vs CC model). Based 
on the meta-regression analysis, it was found that publication year, 
continent of the included patients and genotyping method were 
not source of heterogenicity for rs1800925 polymorphism.
There are some limitations and caveats that needs to be mentioned. 
First, the analysis was performed according to crude estimation of 
IL13 gene association with asthma susceptibility, regardless of the 
impression of confounders, such as age of the patients, age of diag-
nosis/time of follow-up, sex, smoking, asthma severity, and contri-

bution of other genes in LD with IL13. Additionally, studies with 
diagnosis of atopy were excluded as this might be messed up with 
diagnosis of asthma. Second, we did not analyze several genes that 
could be helpful to understand the cytokine contribution in the 
pathogenesis of asthma. Third, there was a degree of heterogeneity 
during the overall analysis. From statistical perspective, this het-
erogeneity describes the variability between included studies and 
may originate from clinical or methodological heterogeneity, other 
unreported or unknown study characteristics, or by chance. There-
fore, for finding any sources of heterogeneity and attenuating their 
effects, we conducted subgroup analysis and weighted meta-re-
gression. Collectively, the results of meta-regression showed that 
none of the parameters, including publication year, continent of 
the study population, and genotyping methods were the expected 
source of heterogeneity. However, subgroup analysis was associated 
with a reduced heterogeneity in all groups and explained part of the 
observed heterogeneity. Furthermore, the other way of dealing with 
statistical heterogeneity performed in our analysis, was to incorpo-
rate “Random” term to account for it in a random-effects. Random 
effect model typically produces more conservative estimates of the 
significance of a result (a wider confidence interval). As it gives pro-
portionately higher weights to smaller studies and lower weights 
to larger studies compared to the fixed effect analysis. Fourth, in 
the subgroup analysis, there was small sample size of many groups, 
leading to underpowered subgroup analyses. Moreover, there might 
be possible false-negative associations in the subgroup analysis due 
to unclarity of the actual number of cases/controls for each genet-
ic model as well as no power assessment by each study. Fifth, this 
study was solely focused on the articles published in the English 
language which can be potential source of bias.

Conclusions

Considering all the facts, we performed the most up-to-date anal-
ysis of the IL13 gene rs20541 and rs1800925 polymorphisms and 
asthma risk before September 2020. Our meta-analysis further val-
idated some results of the last meta-analysis, while rejected some 
of them. In a whole insight, rs20541 polymorphism was detected 
as a potential risk factor for asthma in overall analysis, Asians (all 
models except GA vs GG), Europeans (all models except recessive 
and AA vs GG), Caucasians (all models except recessive and AA 
vs GG), East-Asians (just allelic model), Middle-East (all models 
except recessive and AA vs GG), and South-East (just in reces-
sive and allelic models). Additionally, rs1800925 polymorphism 
showed statistically significant associated with asthma in the over-
all analysis (just in recessive model), Asians (in recessive and TT 
vs CC models), Europeans (all models except recessive and TT vs 
CC), Caucasians (just in dominant and TC vs CC), East-Asian (in 
dominant and TT vs CC model) and South-Asian (just in TC vs 
CC). Although previous met-analysis studies on small sample size 
indicated primitive associations of the IL13 gene polymorphisms 
with asthma susceptibility and regarding that our analysis large-
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ly improved this limitation, we encourage further comprehensive 
analysis in the future after yielding more original data, particularly 
with respect to the role of IL13 polymorphisms in association with 
clinical presentations of asthmatic patients.
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