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ABSTRACT. The results of previous epidemiological studies 
exploring the relationship between interleukin-10 (IL-10) promoter 
polymorphisms and susceptibility to pediatric asthma are not 
consistent. Therefore, we have performed a systematic review and 
meta-analysis to provide a more convincing conclusion. Odds ratios 
(OR) with their 95% confidence intervals (CIs) were used to evaluate 
the strength of association between the IL-10 promoter polymorphisms 
and susceptibility to pediatric asthma. Publication bias was examined 
by Begg’s funnel plots and the Egger test. A detailed literature search 
based on stringent parameters yielded sixteen relevant studies, 
comprising 2494 cases and 2160 controls. The overall population 
showed no significant association between the IL-10 -1082G/A 
polymorphism and pediatric asthma risk in any of the genetic models 
(dominant model: OR = 1.583, 95%CI = 0.614-4.076, P = 0.342; 
allelic model: OR = 1.214, 95%CI = 0.748-1.971, P = 0.433; additive 
model: OR = 2.240, 95%CI = 0.950-5.277, P = 0.065; recessive 
model: OR = 1.435, 95%CI = 0.659-3.128, P = 0.363). Subgroup 
analyses revealed a significant association between different ethnicity 
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and atopic status subgroups. However, there was no evidence of a 
significant association between the other two polymorphisms (-819C/
T and -592C/A) and pediatric asthma in our study. No significant 
publication bias was observed in this meta-analysis. The results of 
this study indicate that the IL-10 -1082G/A polymorphism might be 
a risk factor for asthma in children. However, because of the small 
sample size included in the subgroup analyses, the results should be 
interpreted with caution.
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INTRODUCTION

Pediatric asthma is one of the most common diseases affecting children worldwide 
(Eijkemans et al., 2008). According to the World Health Organization (WHO), approximately 
235 million people suffered from asthma worldwide, with 157,000 requiring urgent medical 
aid, during 2007 (Bilal et al., 2016). The onset of asthma onset occurs before the age of 
12 (years) in over half the cases. The past 20 years have seen a significant increase in the 
prevalence of asthma in children (Tang et al., 2015). The pathogenesis of asthma is related to 
multiple risk factors including environmental factors such as vehicular pollution, and genetic 
factors such as polymorphisms in the interleukin (IL)-4 and ORMDL3 genes (Favarato et al., 
2014; Tang et al., 2014; Zhai et al., 2015).

A number of studies have reported that IL-10 plays an important role in the pathogenesis 
of asthma (Zheng et al., 2010). IL-10 is an important anti-inflammatory factor secreted by 
Th2 cells, monocytes/macrophages, and B lymphocytes. IL-10 stimulates the proliferation and 
activation of B lymphocytes, in addition to inhibiting the synthesis of TNF-g and IL-2 (Del 
Prete et al., 1993). Studies have also suggested that IL-10 could reduce allergic inflammation 
by inhibiting the production of pro-inflammatory cytokines.

IL-10 is located at chromosome 1q31-q32, a region associated with asthma 
susceptibility. Previous studies assessing the association between IL-10 promoter 
polymorphisms and susceptibility to asthma have yielded inconsistent and inconclusive 
results. A majority of these studies have focused on three single nucleotide polymorphisms 
in the promoter region: -1082G/A (rs1800896 or -1087G/A or -1117G/A), -819C/T 
(rs1800871 or rs3021097 or -892C/T or -854C/T or -824C/T), and -592C/A (rs1800872 
or -571C/A or -597C/A or -627C/A) (Lyon et al., 2004; Kube et al., 2007; Zhan and Chen, 
2013). The -592C/A polymorphism in the IL-10 promoter has been reported to influence 
the expression of IL-10 in the serum, which suggests the importance of polymorphisms in 
the IL-10 promoter region in the pathogenesis of asthma (Ji et al., 2013). Previous studies 
have indicated that these polymorphisms might be associated with increased susceptibility 
to asthma (Movahedi et al., 2008; Zedan et al., 2008). For instance, Zedan et al. (2008) 
reported that the GG genotype at the IL-10 -1082 region could be a contributing factor for 
the increased susceptibility to, and severity of, childhood asthma in Egypt. In contrast, 
Hussein et al. (2011) reported that the -1082 AA genotype increased asthma risk in 
Egyptian children. Xu et al. (2014) reported a similar finding in a Chinese population. 
Moreover, Movahedi et al. (2008) reported a significant association between the IL-10 
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-1082G/A, -819C/T, and -592C/A polymorphisms and pediatric asthma in Iran. In contrast, 
other studies have reported no significant association between these variants and the risk of 
pediatric asthma; for example, Kim et al. (2011) revealed that the IL-10 -1082G/A, -819C/
T, and -592C/A polymorphisms were not associated with pediatric asthma in a Korean 
population, which was consistent with the results obtained by Li et al. (2007).

The results of previous meta-analyses exploring the association between these three 
polymorphisms in the IL-10 promoter region and asthma susceptibility are not consistent 
(Nie et al., 2012; Hyun et al., 2013; Zheng et al., 2014). Both Nie et al. (2012) and 
Zheng et al. (2014) concluded that the IL-10 -1082G/A and -592C/A (and not the -819C/
T) polymorphisms were significantly associated with asthma susceptibility. However, 
the former did not analyze these relationships in children, and the latter reported no 
associations between these polymorphisms and pediatric asthma in an Asian population, 
despite stratifying the data by age. However, it should be noted that the subgroup analysis 
by age conducted in this meta-analysis was limited to Asian children; therefore, a relatively 
low number of studies was included (2 studies reporting on the -1082G/A, 5 on -592C/A, 
and none reporting the -819C/T polymorphism). Moreover, the data extraction process 
employed by some of the included studies was faulty. For example, Daley et al. (2009) did 
not examine asthma in children. Hyun et al. (2013) reported an association between the 
IL-10 -1082G/A, and not the -819C/T and -592C/A, polymorphism and asthma in an East 
Asian population; however, none of these polymorphisms were reported to be associated 
with asthma susceptibility in children (only four of the included studies focused on 
children).

This meta-analysis was conducted in view of the previous meta-analyses with the 
relatively small sample size and other limitations to clarify the relationship between the IL-10 
promoter polymorphisms and pediatric asthma.

MATERIAL AND METHODS

Study selection

This meta-analysis was performed according to the guidelines of the preferred 
reporting items for systematic reviews and meta-analyses (PRISMA) (Moher et al., 2009). 
An exhaustive search of the electronic databases PubMed, EMBase, Chinese biomedical 
database, and China national knowledge infrastructure was performed to extract relevant 
studies published prior to March 1, 2015. The following combinations of keywords and/or 
medical subject headings terms were used for study extraction: ‘‘IL-10’’ or ‘‘interleukin-10’’; 
‘‘polymorphism’’ or ‘‘variant’’ or ‘‘gene’’ or “mutation”; and “asthma” or “asthmatic”. The 
studies were retrieved by two independent researchers (Huang and Zhang). A further manual 
search of the references of all extracted studies was conducted to retrieve additional studies 
and data. No language restriction was set for this study.

Inclusion and exclusion criteria

The following inclusion criteria were set for study inclusion: 1) case-control studies 
(study design); 2) studies exploring the relationship between IL-10 polymorphism and 
pediatric asthma risk; and 3) studies containing sufficient data to calculate the odds ratios 
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(ORs) and 95% confidence intervals (CIs). Studies were excluded based on the following 
criteria: 1) studies designed on the basis of families or sibling pairs; 2) reviews or abstracts; 
and 3) studies that did not report the genotype or allele frequencies, making it impossible to 
calculate the OR. The most comprehensive study was selected when the same population 
was the focus of multiple studies. The corresponding authors were contacted by email for 
clarifications regarding their studies.

Data extraction

The baseline information, such as the first author; year of publication; age, country, 
and ethnicity of the study population; genotyping method; atopic status; number of cases and 
controls; and genotype and allele frequencies, was extracted independently from each study by 
two researchers (Huang and Cheng). Any discrepancy was resolved by a discussion between 
the researchers. Some data were extracted from previous meta-analyses. Studies with obviously 
incorrect original data, for which corresponding authors did not respond satisfactorily to our 
queries, were deleted during the selection process.

Quality assessment

The quality of each included study was assessed using the Newcastle-Ottawa scale 
(NOS) (Huang et al., 2015). The NOS score ranged from 0 (worst) to 9 (best) stars. Articles 
with NOS scores >6 stars were deemed to be of a high quality. Case-control studies were also 
assessed on a scale of 0-9 based on the subject selection, comparability, and outcome; studies 
with scores >7 were deemed to be of high quality.

Statistical analyses

The Hardy-Weinberg equilibrium (HWE) of the IL-10 genotype distributions in the 
control groups was determined using the Fisher exact test. The strength of the association 
between the IL-10 promoter polymorphisms and risk of pediatric asthma was evaluated using 
the pooled OR with its 95%CI.

Four comparative genetic models were used to calculate the pooled results: the 
dominant (-1082G/A: AA+GA vs GG; -891C/T: TT+TC vs CC; -592C/A: AA+AC vs CC), 
recessive (-1082G/A: AA vs GA+GG; -891C/T: TT vs CT+CC; -592C/A: AA vs CA+CC), 
allelic (-1082G/A: A vs G; -891C/T: T vs C; -592C/A: A vs C), and additive (-1082G/A: AA vs 
GG; -891C/T: TT vs CC; -592C/A: AA vs CC) models.

The heterogeneity between studies was assessed by the chi-squared Q-test, and the 
heterogeneity among studies was tested by the I2 statistic. In case of a statistically significant 
heterogeneity (P < 0.01 or I2 > 50%), a random-effects model (DerSimonian-Laird method) 
was used to estimate the pooled OR. Otherwise, a fixed-effects model (Mantel-Haenszel 
method) was adopted (DerSimonian and Kacker, 2007). The sources of heterogeneity were 
identified by performing analyses based on the ethnicity and atopic status. The stability of this 
meta-analysis was assessed by a one-way sensitivity analysis. Publication bias was detected 
by a Begg’s funnel plot and the Egger test.

All statistical analyses were performed using STATA 12.0 (Stata Corp LP, College 
Station, TX, USA). P values < 0.05 were considered statistically significant.
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RESULTS

Study characteristics

Figure 1 outlines the selection process of this literature review. Briefly, the initial 
search identified 211 articles, of which 168 were excluded based on a review of the title and 
abstract. The remaining 43 articles were retrieved for a detailed evaluation, which in turn led 
to the exclusion of 27 articles. The studies were excluded for the following reasons: reviews 
(N = 5), duplicated data (N = 3), non-case-control study (N = 5), no useful data (N = 2), 
irrelevant to pediatric asthma (N = 12).

Figure 1. Flow diagram depicting the study selection process.

Finally, a total of 16 case-control studies comprising 2494 cases and 2160 controls 
were included in this meta-analysis to evaluate the association between IL-10 promoter 
polymorphisms and the risk of pediatric asthma (Zhang et al., 2002; Schubert et al., 2006; Li 
et al., 2006, 2007; Movahedi et al., 2008; Zedan et al., 2008; Undarmaa et al., 2010; Hussein et 
al., 2011; Kim et al., 2011; Wei et al., 2011; Xie, 2012; Ji et al., 2013; Smolnikova et al., 2013; 
Tan et al., 2013; Hussein et al., 2014; Xu et al., 2014). Eleven of the studies were performed 
in an Asian population, and three and two of the remaining studies were conducted in people 
of African and Caucasian descent, respectively. Two of the included studies (Hussein et al., 
2011; Kim et al., 2011) separated the population based on the atopic status (atopic and non-
atopic asthma) and the data was independently extracted. Therefore, each study was deemed 
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as two independent studies in the subgroup analysis based on atopic status. The sample sizes 
ranged from 56 to 661. The study quality was assessed by the NOS score, which ranged 
from four to seven for the individual studies. The studies used several genotyping methods, 
including polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), 
matrix-assisted laser desorption ionization-time of flight-mass spectrometry (MALDI-TOF-
MS), amplification refractory mutation system-PCR (ARMS-PCR); TaqMan allele specific 
amplification (TaqMan-ASA), sequence specific primer-PCR (SSP-PCR), Sequenom 
MassARRAY, and DNA sequencing.

The distribution of genotypes in the controls in 11 studies was consistent with the HWE. 
The characteristics of the individual studies included in this meta-analysis are listed in Table 1. 
The genotype and allele frequencies reported in each study are listed in Tables 2, 3, and 4.

*Atopic and non-atopic data was independently extracted Y: yes; N: no HWE, Hardy-Weinberg equilibrium; NOS, 
Newcastle-Ottawa scale; PCR-RFLP, polymerase chain reaction–restriction fragment length polymorphism; ARMS-
PCR, amplification refractory mutation system-PCR; ASA, allele-specific amplification; SSP, sequence specific 
primer; MALDI-TOF-MS, matrix assisted laser desorption ionization-time of flight-mass spectrometry; ATS, 
American thoracic society; GINA, Global initiative for asthma.

Table 1. Characteristics of studies included in the meta-analysis.
First author Year Country Ethnicity Atopic status Sample size 

(Case/ Control) 
Diagnosis of asthma Genotyping method Polymorphic sites HWE 

(Y/N) 
NOS 

Zhang JL 2002 China Asian Not available 168/53 National guideline of prevention and 
management of children asthma (China) 

PCR-RFLP -1082, -819 - 6 

Li HL 2006 China Asian Not available 50/36 Guidelines of prevention and treatment of 
bronchial asthma in children (China, 2004) 

PCR-RFLP -592 Y 4 

Schubert K 2006 Germany Caucasian Not available 231/273 Symptoms and medical history DNA sequencing and RFLP -592 Y 5 
Li ZF 2007 China Asian Non-atopic asthma 30/26 Guidelines of prevention and treatment of 

bronchial asthma in children (China, 2004) 
PCR-SSP -1082, -819, -592 Y 5 

Zedan M 2008 Egypt African Atopic asthma 69/98 GINA PCR-SSP -1082 N 6 
Movahedi M 2008 Iran Asian Not available 59/140 National Asthma Education and Prevention 

program (Expert Panel Report-3) guidelines 
PCR-SSP -1082, -819, -592 N 7 

Undarmaa S 2010 Japan Asian Atopic asthma 325/336 ATS guidelines TaqMan-ASA -592 Y 6 
Hussein YM 2011 Egypt African Mixed* 220/110 ATS guidelines ARMS-PCR -1082 Y 6 
Kim KW 2011 Korea Asian Mixed* 333/248 ATS guidelines PCR-RFLP -1082, -819, -592 Y 6 
Wei B 2011 China Asian Not available 186/198 Guidelines of prevention and treatment of 

bronchial asthma in children (China, 2004) 
PCR-RFLP -592 Y 5 

Xie Q 2012 China Asian Not available 110/63 Symptoms and bronchial challenge or 
bronchodilator test 

PCR-RFLP -592 N 4 

Ji JF 2013 China Asian Not available 92/92 Guidelines of prevention and treatment of 
bronchial asthma in children (China, 2008) 

PCR-RFLP -592 Y 7 

Smolnikova MV 2013 Russia Caucasian Atopic asthma 64/50 GINA PCR-RFLP -592 Y 7 
Tan JY 2013 China Asian Not available 157/198 Guidelines of prevention and treatment of 

bronchial asthma (Chinese Medical 
Association, 2008) 

MALDI-TOF- MS -1082 Y 6 

Hussein YM 2014 Egypt African Atopic asthma 200/50 ATS guidelines ARMS-PCR -1082 Y 6 
Xu JX 2014 China Asian Not available 200/189 Guidelines of prevention and treatment of 

bronchial asthma (Chinese Medical 
Association, 2008) 

MassARRAY -1082, -819 N 4 

 

Table 2. Distribution of IL-10 -1082 G/A genotypes and alleles among patients and controls.

Author Year Atopic status Cases Controls Cases Controls 
GG GA AA GG GA AA G A G A 

Zhang JL 2002 Not available - - - - - - 37 299 12 94 
Li ZF 2007 Non-atopic 2 8 20 3 7 16 12 48 13 39 
Movahedi M 2008 Not available 0 59 0 12 75 53 59 59 99 181 
Zedan M 2008 Atopic 19 39 11 5 85 8 77 61 95 101 
Hussein YM 2011 Mixed 48 90 82 33 54 23 186 254 120 100 

Atopic 24 44 42 33 54 23 92 128 120 100 
Non-atopic 24 46 40 33 54 23 94 126 120 100 

Kim KW 2011 Mixed 2 40 291 3 30 215 44 622 36 460 
Atopic 1 33 244 3 30 215 35 521 36 460 
Non-atopic 1 7 47 3 30 215 9 101 36 460 

Tan JY 2013 Not available 0 23 134 0 16 182 23 291 16 380 
Hussein YM 2014 Atopic 39 86 75 17 25 8 164 236 59 41 
Xu JX 2014 Not available 0 39 161 8 108 73 39 361 124 254 
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Quantitative analysis of the -1082G/A promoter polymorphism

Nine of the extracted 16 case-control studies, comprising 1436 cases and 1112 controls, 
evaluated the relationship between the IL-10 -1082G/A polymorphism and asthma risk in 
children. Frequency of the -1082G allele was 14.72% in Asians and 43.98% in non-Asians.

Because of the significant heterogeneity between studies, the random-effects model 
was used to calculate the pooled OR (Table 5). The overall population showed no significant 
association between the IL-10 -1082G/A polymorphism and pediatric asthma risk in any 
genetic model (dominant model: OR = 1.583, 95%CI = 0.614-4.076, P = 0.342; allelic model: 
OR = 1.214, 95%CI = 0.748-1.971, P = 0.433; additive model: OR = 2.240, 95%CI = 0.950-
5.277, P = 0.065; recessive model: OR = 1.435, 95%CI = 0.659-3.128, P = 0.363) (Figure 2).

Table 3. Distribution of IL-10 -819 C/T genotypes and alleles among patients and controls.

Author Year Atopic status Cases Controls Cases Controls 
CC CT TT CC CT TT C T C T 

Zhang JL 2002 Not available - - - - - - 126 210 42 64 
Li ZF 2007 Non-atopic 6 17 7 7 9 10 29 31 23 29 
Movahedi M 2008 Not available 2 57 0 71 57 12 61 57 199 81 
Kim KW 2011 Mixed 40 138 155 27 108 113 218 448 162 334 
Xu JX 2014 Not available 20 87 93 18 77 94 127 273 113 265 

 

Table 4. Distribution of IL-10 -592 C/A genotypes and alleles among patients and controls.

Author Year Atopic status Cases Controls Cases Controls 
CC CA AA CC CA AA C A C A 

Li HL 2006 Not available 6 24 20 3 17 16 36 64 23 49 
Schubert K 2006 Not available 131 86 14 145 109 19 348 114 399 147 
Li ZF 2007 Non-atopic 6 17 7 7 9 10 29 31 23 29 
Movahedi M 2008 Not available 1 58 0 71 57 12 60 58 199 81 
Undarmaa S 2010 Atopic 30 141 154 39 151 146 201 449 229 443 
Kim KW 2011 Mixed 44 143 146 31 106 111 231 435 168 328 

Atopic 34 124 120 31 106 111 192 364 168 328 
Non-atopic 10 19 26 31 106 111 39 71 168 328 

Wei B 2011 Not available 22 89 75 16 99 83 133 239 131 265 
Xie Q 2012 Not available 9 78 23 2 38 23 96 124 42 84 
Ji JF 2013 Not available 8 32 52 16 44 32 48 136 76 108 
Smolnikova MV 2013 Atopic 40 19 5 37 13 0 99 29 87 13 

 

 Number 
of studies 

Sample size Dominant model Additive model Allelic model Recessive model 
Case/Control OR (95%CI) Pvalue I2 (%) OR (95%CI) Pvalue I2 OR (95%CI) Pvalue I2 OR (95%CI) Pvalue I2 

-1082 G/A 
Total 9 1436/1112 1.583 (0.614-4.076) 0.342 76.6 2.240 (0.950-5.277) 0.065 60.4 1.214 (0.748-1.971) 0.433 89.1 1.435 (0.659-3.128) 0.363 89.3 
Stratified by ethnicity               
Asian 6  3.607 (1.141-11.407) 0.029 8.5 3.908 (0.708-21.555) 0.118 48.2 1.131 (0.521-2.456) 0.755 91.9 0.866 (0.234-3.211) 0.830 93.8 
Non-Asian 3  0.832 (0.224-3.085) 0.783 90.0 1.732 (0.557-5.381) 0.342 77.3 1.369 (0.780-2.404) 0.274 83.1 2.429 (1.620-3.642) <0.001 0.0 
Stratified by atopic status               
Atopic 4  1.025 (0.304-3.457) 0.968 85.4 1.951 (0.715-5.324) 0.192 66.8 1.322 (0.854-2.047) 0.211 75.4 1.926 (1.167-3.179) 0.010 52.2 
Non-atopic 3  1.482 (0.845-2.599) 0.169 0.0 2.342 (1.222-4.487) 0.010 0.0 1.416 (1.033-1.941) 0.031 0.0 1.460 (0.829-2.572) 0.190 32.0 
-819 C/T 
Total 5 790/656 2.119 (0.637-7.047) 0.221 87.3 0.908 (0.603-1.366) 0.643 0.0 1.146 (0.835-1.574) 0.398 69.2 0.871 (0.604-1.257) 0.461 32.9 
-592 C/T 
Total 10 1480/1462 1.211 (0.7861-1.865) 0.386 67.9 1.044 (0.803-1.357) 0.747 40.5 1.123 (0.574-2.637) 0.327 72.5 0.986 (0.740-1.314) 0.922 55.5 
Stratified by ethnicity               
Asian 8  1.287 (0.7000-2.366) 0.417 73.2 1.036 (0.779-1.379) 0.807 43.4 1.115 (0.851-1.460) 0.429 75.4 0.976 (0.717-1.327) 0.875 60.8 
Non-Asian 2  1.098 (0.581-2.075) 0.774 56.2 1.088 (0.559-2.118) 0.804 64.8 1.230 (0.574-2.637) 0.595 75.4 1.873 (0.198-17.678) 0.584 60.7 
Stratified by atopic status               
Atopic 3  1.233 (0.886-1.714) 0.214 0.0 1.259 (0.868-1.826) 0.225 29.0 1.134 (0.883-1.456) 0.325 44.4 1.084 (0.783-1.499) 0.628 34.0 
Non-atopic 2  0.840 (0.393-1.788) 0.654 18.4 0.748 (0.363-1.541) 0.431 0.0 0.910 (0.626-1.324) 0.623 0.0 0.860 (0.409-1.806) 0.690 35.0 

 

Table 5. Meta-analysis results of the association between IL-10 promoter polymorphisms and pediatric asthma.
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The subgroup analysis based on ethnicity revealed a significant association between 
this polymorphism in Asian populations and pediatric asthma in a dominant model (OR = 3.607, 
95%CI = 1.141-11.407, P = 0.029) and non-Asian populations and pediatric asthma in a recessive 
model (OR = 2.429, 95%CI = 1.620-3.642, P < 0.001) (Figure 3A, 3B). Stratification by atopic 
status indicated that the -1082G/A polymorphism was significantly associated with non-atopic 
asthma in children in the additive (OR = 2.342, 95%CI = 1.222-4.487, P = 0.010) and allelic 
models (OR = 1.416, 95%CI = 1.033-1.941, P = 0.031), and with atopic asthma in children in the 
recessive model (OR = 1.926, 95%CI = 1.167-3.179, P = 0.010). (Figure 3C, 3D).

Figure 2. Forest plot of the IL-10 -1082 G/A polymorphism under a dominant genetic model.

Figure 3. Forest plot of the IL-10 -1082 G/A polymorphism stratified by A. ethnicity, in a dominant model; B. ethnicity, 
in a recessive model; C. atopic status, in a recessive model; and D. atopic status, in an additive model.
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One-way sensitivity analysis was applied to assess the stability of this meta-analysis. 
The pooled ORs remained unchanged when individual studies were omitted indicating that the 
studies did not individually influence the stability of the entire study (Figure 4A).

The shape of the funnel plot was symmetric in all of the genetic models (Figure 5A), 
which was also confirmed by Egger’s regression test (P = 0.381, 0.929, 0.698, and 0.211 for 
the allelic, additive, dominant, and recessive models, respectively).

Figure 4. Analysis of the influence of the individual studies reporting on the IL-10: A. -1082G/A B. -819C/T, and 
C. -592C/A polymorphisms in a dominant model (open circles indicate the pooled ORs. Horizontal lines represent 
the 95%CIs).
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Figure 5. A. Funnel plot of the IL-10 -1082G/A polymorphism under a dominant model B. Funnel plot of the IL-
10 -819C/T polymorphism under a dominant model C. Funnel plot of the IL-10 -592C/A polymorphism under a 
dominant model (each point represents a separate study for the indicated association).
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Quantitative analysis of the -819C/T polymorphism

We investigated the correlation between the IL-10 -819C/T polymorphism and asthma 
risk in children based on the results obtained by five studies comprising 790 cases and 656 
controls. No significant heterogeneity was observed in the I2 = 0.0%, P = 0.997) and recessive 
(I2 = 32.9%, P = 0.215) models. However, marked heterogeneity was observed in the dominant 
(I2 = 87.3%, P < 0.001) and allelic models (I2 = 69.2%, P = 0.011). There was no evidence of an 
association between the IL-10 -819C/T polymorphism and pediatric asthma risk in any of the 
genetic models in the overall population (allelic model: OR = 1.146, 95%CI = 0.835-1.574, P 
= 0.398; additive model: OR = 0.908, 95%CI = 0.603-1.366, P = 0.643; recessive model: OR = 
0.871, 95%CI = 0.604-1.257, P = 0.461; dominant model: OR = 2.119, 95%CI = 0.637-7.047, 
P = 0.221). The results of these analyses are shown in Table 5 and Figure 6. Only five studies 
conducted in Asian populations were included in this meta-analysis; therefore, a subgroup 
analysis was not performed. The result of the one-way sensitivity analysis indicated that the 
results were stable (Figure 4B).

Figure 6. Forest plot of the IL-10 -819 C/T polymorphism under a dominant genetic model.

No evidence of publication bias was found in any of the genetic model comparisons, 
except the recessive model (Egger’s test: P = 0.625, 0.911, 0.912, and 0.020 for the allelic 
model, additive, dominant, and recessive models, respectively) (Figure 5B).

Quantitative analysis of the -592C/A polymorphism

Ten studies, comprising 1480 cases and 1462 controls, included in this meta-analysis 
evaluated the relationship between IL-10 -592C/A polymorphism and pediatric asthma risk. 
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The -592A allele was observed at a frequency of 61.62 and 24.51% in Asian and non-Asian 
populations, respectively. Table 5 and Figure 7 show the results of the association between 
the -592C/A polymorphism and pediatric asthma. In the pooled analysis, we observed no 
significant association under a dominant model (OR = 1.211, 95%CI = 0.786-1.865, P = 
0.386); this was also observed in the other comparative models (allelic model: OR = 1.123, 
95%CI = 0.574-2.637, P = 0.327; additive model: OR = 1.044, 95%CI = 0.803-1.357, P = 
0.747; recessive model: OR = 0.986, 95%CI = 0.740-1.314, P = 0.922).

Figure 7. Forest plot of the IL-10 -592 C/A polymorphism under a dominant genetic model.

No heterogeneity was observed in the additive model (I2 = 40.5%, P = 0.088). 
However, marked heterogeneity existed in the allelic (I2 = 72.5%, P < 0.001), dominant (I2 = 
67.9%, P = 0.001), and recessive models (I2 = 55.5%, P = 0.010). When the data was stratified 
based on ethnicity and atopic status, no statistically significant associations were observed in 
any of the subgroups. One-way sensitivity analysis was also applied to assess the stability of 
this meta-analysis and the results revealed that study was stable (Figure 4C).

No significant publication bias was found in any genetic model, based on the visual 
assessment of Begg’s funnel plot (Figure 5C); this result was confirmed by Egger’s test (P = 0.527, 
0.904, 0.217, and 0.544 for the allelic, additive, dominant, and recessive models, respectively).

DISCUSSION

To our knowledge, this meta-analysis is the first study to investigate the relationship 
between IL-10 promoter polymorphisms and the risk of pediatric asthma. The results of this 
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study suggest that the IL-10 -1082 G/A polymorphism may be associated with susceptibility 
to pediatric asthma.

Numerous studies have indicated that inflammation plays an important role in the 
occurrence and development of asthma. IL-10, an anti-inflammatory cytokine, inhibits the 
production of pro-inflammatory cytokines and displays pleiotropic effects in asthma. IL-10 
expression is significantly decreased in asthmatics, suggesting an important role of IL-10 
in the pathogenesis of this disease (Raeiszadeh Jahromi et al., 2014). A previous study has 
suggested that the secretion of IL-10 was determined largely (74%) by heritable factors 
(Westendorp et al., 1997).

To date, more than one hundred risk genes have been identified as being associated 
with asthma susceptibility. Among these, IL-10 promoter polymorphisms have been intensively 
investigated. A majority of these studies have focused on three polymorphisms (-1082G/A, 
-819C/T, and -592C/A) located in the IL-10 promoter region. Growing evidence indicates 
that these polymorphisms may influence the secretion of IL-10. Zhang et al. (2002) reported 
that the C-to-T mutation at position -819 could increase the total serum IgE level by reducing 
the upregulation of IL-10 expression. Ji et al. (2013) concluded that individuals with the AA 
genotype had lower serum IL-10 levels than those with the CC genotype.

In 1999, Tagore et al. (1999) reported that patients carrying the -1082A allele or the 
1082A/-819C/-592C haplotype were more likely to develop inñammatory diseases. Recent 
studies conducted in various countries have shown that IL-10 promoter polymorphisms may 
be associated with susceptibility to asthma. For instance, Xie (2012) suggested that the IL-
10 -627C/A polymorphism was associated with asthma risk in Chinese children. A study 
conducted in Egyptian asthmatic children showed a significantly higher frequency of the 
IL-10 -1082 GG genotype in these patients (Zedan et al., 2008). However, there have also 
been studies reporting contradictory results: Kim et al. (2011) reported that the frequency of 
genotypes and alleles of the IL-10 promoter polymorphisms (-1082G/A, -819C/T, and -592C/
A) did not differ significantly between Korean asthmatic children and controls.

In this meta-analysis, we investigated the association between the IL-10 promoter 
polymorphisms and pediatric asthma in 16 studies comprising 2494 cases and 2160 controls. 
The overall population showed no significant association between the IL-10 -1082G/A 
polymorphism and pediatric asthma. The significant heterogeneity between studies also 
mandated subgroup analyses based on the ethnicity of the study populations and the atopic 
status of the disease. In the subgroup analysis by ethnicity, signiðcant associations were found 
among Asians under a dominant model (OR = 3.607, 95%CI = 1.141-11.407, P = 0.029) and 
among Africans under a recessive model (OR = 2.429, 95%CI = 1.620-3.642, P < 0.001). 
When stratified by the atopic status, we found signiðcant associations among atopic asthmatics 
in a recessive model (OR = 1.926, 95%CI = 1.167-3.179, P = 0.010) and among non-atopic 
asthmatics in an additive (OR = 2.342, 95%CI = 1.222-4.487, P = 0.010) and allelic model 
(OR = 1.416, 95%CI = 1.033-1.941, P = 0.031). However, as a small number of subjects were 
included in the subgroup analysis, the results should be interpreted with caution.

We found no evidence of a significant association between the -819C/T and -592C/A 
polymorphisms and pediatric asthma in our study. The results of the subgroup analyses were 
also concurrent with this conclusion.

So far, three meta-analyses have been conducted to investigate the correlation between 
IL-10 polymorphisms and asthma susceptibility. These meta-analyses demonstrated that the 
IL-10 promoter polymorphisms were not associated with pediatric asthma risk. However, 
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these studies had some limitations: the focus of these studies was whole asthma populations, 
and not children alone and a very small number of studies conducted specifically in children 
were included in these analyses. The results of our study were found to be inconsistent with 
the results of these meta-analyses. The differences in statistical power may be one reason 
for the discrepancy in the results. Compared to the previous studies, we have performed an 
updated, comprehensive meta-analysis of studies analyzing the association between IL-10 
promoter polymorphisms and pediatric asthma risk. Sixteen relevant papers were identified 
for our meta-analysis via a comprehensive system of retrieval, which was far more than the 
number of studies included in the previous analyses. Therefore, the statistical power of our 
analysis could be higher. We also performed a sensitivity analyses to determine the stability 
of the study. Additionally, heterogeneity analysis and subgroup analyses were performed to 
investigate the sources of heterogeneity; this was one of the highlights of our study.

There are several limitations to this meta-analysis. Firstly, although subgroup analyses 
and one-way sensitivity analyses were performed, the inñuence of heterogeneity arising from 
unmeasured or unreported factors could not be completely excluded in our analysis. Secondly, 
only sixteen relevant articles could be identified for this meta-analysis; the relatively small size 
of the participants could therefore be a factor responsible for the heterogeneity. In addition, 
although the population was analyzed based on their ethnicity, a very small number of studies 
have been conducted in African (N = 3) and Caucasian (N = 2) populations. Therefore, the 
results might be over-inñuenced by random-errors. Therefore, well-designed and large-scale 
studies are required for further analyses.

In conclusion, despite the limitations, the results of this study indicated that the IL-10 
-1082G/A polymorphism, and not the -819C/T and -592C/A polymorphisms, might be a risk 
factor for pediatric asthma. However, because of the small number of subjects included in the 
subgroup analyses, the results should be interpreted with caution.
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