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Abstract
Background: Several epidemiological studies have focused on the association between polymorphisms in toll-like receptors
(TLRs) and asthma. However, the results remained inconclusive.

Methods: We systematically reviewed the database of PubMed, EMBASE, Web of Science, CNKI, and Google scholar for all
related articles on TLR polymorphisms and asthma. We used the software STATA 12.0 to conduct the meta-analysis. The
heterogeneity and publication bias were examined, respectively.

Results: Eighteen studies consisting of 3538 asthma cases and 4090 controls were selected into the meta-analysis. The pooled
odds ratios (ORs) show that rs3804099 was associated with asthma in dominant model (OR=1.51, 95% CI=1.17–1.96, P= .002),
and rs4986791 was associated with asthma in additive model (OR=0.81, 95% CI=0.64–1.02, P= .07) and dominant model (OR=
0.76, 95% CI=0.60–0.97, P= .025).

Conclusion: The combined results show that rs3804099 in TLR2 and rs4986791 in TLR4 were significantly associated with
asthma risk. Polymorphisms in TLRs play important roles in asthma.

Abbreviations: CI = confidence interval, HWE = Hardy–Weinberg equilibrium, OR = odds ratio, SNP = single nucleotide
polymorphism, TLR = toll-like receptor.

Keywords: asthma, meta-analysis, polymorphism, TLR2, TLR4
1. Introduction

Asthma is a chronic inflammatory disorder of the airways,
which is characterized by reversible airflow obstruction and
airway hyper-responsiveness.[1] It has been one of the most
common disease in the world.[2] Although the exact
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mechanisms in asthma have not been completely elucidat-
ed,[3] it is generally accepted that both genetic and
environmental factors play important roles in this disease.[4]

Currently, more than 200 genetic variations have been
reported to be associated with asthma.[5]

Toll-like receptors (TLRs) are a class of proteins that belong
to the family of transmembrane receptors. They are counted
among the key molecules in pathogen recognition and activation
of innate immunity.[6] The TLRs include 11 members in humans
(TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR8,
TLR9, TLR10, and TLR11).[6] TLR2 and TLR4 are the most
important members of them. Several variants in them have been
proved associated with asthma.[7–11] However, the results
remained conflicting. Among the reported studies, most of them
found that these polymorphisms were associated with asthma,
while others reported contrary opinions. Meantime, most of
these studies were conducted with small numbers of subjects.
Only 1 meta-analysis was conducted to examine the relationship
between TLR gene polymorphisms and asthma 2 years ago.[12]

During the past years, several studies about TLR gene
polymorphisms and asthma have been conducted.[13,14] So,
we conducted the update meta-analysis expecting to give a more
determinately conclusion.

2. Methods

2.1. Search strategy

We systematically searched the database of Pubmed, EMBASE,
Web of Science (ISI), China National Knowledge Infrastructure
(CNKI), and Google scholar for all related articles on TLR

mailto:doctorliu69@126.com
http://creativecommons.org/licenses/by-nd/4.0
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polymorphisms and asthma. We used the following keywords:
“TLR2” or “TLR4,” “polymorphism,” and “asthma.” Both
English and Chinese language articles were included in the
analysis. The included studies were published from January 1,
2000 to September 30, 2016. In addition, the references and
citations of the originally retrieved articles, which were not
captured by our database searches, were identified through
manual searching.
The study was approved by the institutional ethics committees

of Tongji Hospital.
2.2. Inclusion criteria

Although several single nucleotide polymorphisms (SNPs) in
TLR2 and TLR4 have been previously studied, only those
most widely studied variants (reported in more than 3 studies)
were analyzed in this analysis. Finally, 2 SNPs (rs5743708 and
rs3804099) in TLR2 and 2 SNPs (rs4986790 and rs4986791)
in TLR4 were included in the analysis. The title and abstract
of the articles identified through electronic literature search
were scanned. If the article could not be verified, the full text
was further examined. The articles that met the following
inclusion criteria were included in the analysis: case–control
study; aims at the association between TLR2 (rsrs5743708,
rs3804099) or TLR4 (rs4986790, rs4986791) and asthma;
and sufficient data to perform the meta-analysis. The case-only
studies, reviews, case reports and studies without sufficient
information were excluded. If the study subjects were reported
in more than 1 publication, we selected the study with the
largest sample size.
2.3. Data extraction

Two reviewers (JLZ and HHS) extracted the data separately.
Characters extracted from the studies including: journal, first
author, year of publication, ethnicity, genotyping methods,
asthma diagnosis, source of controls, average age at baseline,
male percentage, distribution of genotypes for each polymor-
phism among cases and controls, and the odds ratio (OR) with
their 95% confidence intervals (CIs). Four polymorphisms
were extracted respectively from selected studies. The results of
items were compared and all of them reached consistencies in
the end.
Figure 1. Flow chart for the process of selecting eligible publications.
2.4. Statistical analysis

We examined the Hardy–Weinberg equilibrium (HWE) for
each polymorphism by using the Chi-square test. The
association between polymorphisms and asthma was estimat-
ed by means of OR and corresponding 95% CIs comparing
cases to controls. Additive model (M vs N), dominant model
(MM vs MN+NN), and recessive model (MM+MN vs NN)
were used to estimate statistical significance between TLR
polymorphisms and asthma risk, respectively. The heteroge-
neity represents the total percentage of variation across the
selected studies. We used the Chi-square-based Q statistic and
I2 statistic to evaluate the heterogeneity. The percentages of I2

around 25%, 50%, and 75% indicate low, medium, and high
heterogeneity, respectively.[15] P< .10 was representative of
significant heterogeneity.[16] When there was no significant
heterogeneity (P> .10 and I2 less than 50%), the fixed-effects
model was used to calculate the pooled ORs; otherwise, the
random-effects model was used.[17] In addition, we performed
2

sensitivity analysis to investigate the influence of individual
study on the overall meta-analysis. Finally, we evaluated
publication bias of selected analysis by funnel plot and Egger
tests. We performed the analyses by using the STATA 12.0
software (StataCorp, College Station, TX).[18] A P< .05 was
considered statistically significant and all statistical testing
were 2-sided.
3. Results

3.1. Search results

On the initial search, 342 papers were identified by the
keywords mentioned in the search strategy. A total of 258
papers were excluded for the reason that they were not aiming
at the association of TLR2 or TLR4 and asthma. When we
reviewed abstracts of the remained papers, 64 articles were
excluded. For the reason that these studies were case reports,
gave insufficient data for subsequent analysis, or subjects of
these studies had other diseases. Then we reviewed the full texts
and excluded 2 articles. The first excluded from our meta-
analysis was reported by Liang et al.[19] Neither the Asp299Gly
nor Thr399Ile polymorphism was found by DNA sequencing in
the study. So, we excluded this study in the meta-analysis.
Another study conducted by Saçkesen et al was case-only study
and was excluded as well.[20] Finally, 18 literatures were
selected into the meta-analysis.[10,13,14,21–35]Figure 1 outlines
our study selection process. The characteristics of studies
included in the analysis were listed in Table 1. The raw data we
got from the 18 studies consist of 3538 asthma cases and 4090
controls. The general characteristics of each study, genotype
frequencies, and HWE examination results were presented
in Table 2.

3.2. Association of the polymorphisms rs5743708 and
rs3804099 in TLR2 with asthma

The polymorphism rs5743708 is also known as 2408G/A, which
causes a nonsynonymous amino acid change (Arg753Gln) in this
protein. Six studies analyzed the polymorphism rs5743708 and
were selected in our study. They consisted of 968 asthma cases
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and 751 healthy controls. When we pooled all eligible
publications into the meta-analysis, no significant association
was found between rs5743708 and asthma in additive model
(OR=1.40, 95% CI=0.85–2.32, P= .186), as shown in Fig. 2.
Among the 6 studies, the genotypes of 2 studies conducted by
Hussein et al[23] and Lachheb et al[28] were not in HWE.
Therefore, we excluded these 2 studies and the pooled OR was
consistent in direction (OR=1.23, 95% CI=0.67–2.26, P
= .496). Under recessive model and dominant model, no
significant association was found between rs5743708 and
asthma as well, as shown in Table 3.
Four studies analyzed the polymorphism rs3804099. The

study conducted by Bjørnvold et al[26] only reported the
frequency of each alleles of rs3804099, but did not report the
frequency of each genotype. When we pooled all eligible
publications into the meta-analysis, significant association was
found between rs3804099 and asthma in dominant model (OR=
1.51, 95% CI=1.17–1.96, P= .002), as shown in Fig. 3. No
significant association was found in additive model (OR=1.12,
95% CI=0.97–1.31, P= .13) and recessive model (OR=1.06,
95% CI=0.77–1.46, P= .74).

3.3. Association of the TLR4 rs4986790 and rs4986791
polymorphisms with asthma

A total of 14 studies encompassing 3011 cases and 2728
controls investigated the association of the polymorphism
rs4986790 with asthma risk. The study conducted by Ådjers
et al[32] contains 92 male cases and 151 male controls, as well as
151 female cases and 250 female controls. Therefore, we
extracted these data separately. When we pooled all data
extracted from the eligible publications, no significant associa-
tion was found between rs5743708 and asthma (additive
model: OR=0.95, 95% CI=0.81–1.11, P= .51, as shown in
Fig. 4; dominant model: OR=0.89, 95% CI=0.74–1.07,
P= .22; and recessive model: OR=1.27, 95% CI=0.68–2.36,
P= .453), as shown in Table 3. Low heterogeneity was observed
among these studies (I2=0%).
Eight studies analyzed the association of the variant

rs4986791 with asthma risk. They contained 1741 asthma
cases and 1952 healthy controls. When we pooled all selected
studies together, significant association was found between
rs4986791 and asthma in additive model (OR=0.80, 95%
CI=0.64–0.99, P= .04). The genotypes of the study con-
ducted by Liu et al[31] were not in HWE. When we excluded
the study not in HWE, a barely significant association was
found between rs4986791 and asthma in additive model
(OR=0.81, 95% CI=0.64–1.02, P= .07), as shown in Fig. 5.
Significant association was found between dominant model
(OR=0.76, 95% CI=0.60–0.97, P= .025, as shown in
Fig. 6), while not in recessive model (OR=0.86, 95% CI=
0.35–2.14, P= .75).

3.4. Sensitivity analysis and publication bias

In the sensitivity test, we evaluated the sensitivity by exclusion of
1 study at a time, and the results indicated that the pooled ORs
were stable, which confirmed the stability and reliability of the
pooled results. The Begg funnel plot and Egger test were used to
assess the publication bias of the selected studies. The results did
not suggest any publication bias in our meta-analysis (as shown
in Supplemental Figures, http://links.lww.com/MD/B846).

http://links.lww.com/MD/B846
http://www.md-journal.com
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Figure 2. Meta-analysis of the association between TLR2 rs5743708 and asthma in additive model. TLR= toll-like receptor.
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Therefore, publications bias did not have significant influence on
the pooled results.
4. Discussion

In the meta-analysis, 18 studies consisting of 3538 asthma cases
and 4090 healthy controls were selected to evaluate the
association between polymorphisms in TLRs and asthma. The
combined results show that rs3804099 in TLR2 and rs4986791
in TLR4 were significantly associated with asthma risk.
Up to now, more than 200 variants have been reported to be

associated with asthma risk, but only a few of them have been
replicated.[36] Lack of reproducibility has become a big
challenge in genetic association studies. Noguchi et al[33] firstly
reported that the variant rs3804099 in TLRs was marginally
Table 3

Pooled measures on the relation of TLR polymorphisms and asthma

Group No. of studies

Number

Case Control

rs5743708 Additive model 5 968 751
2408G/A Additive model 4 377 258
2258G/A Recessive model 2 710 374
(Arg753Gln) Dominant model 5 968 751

rs3804099 Additive model 4 542 1339
597 C/T Recessive model 3 434 845

Dominant model 3 434 845
rs4986790+896A/

G (Asp299Gly)
Additive model 13 2768 2327

Additive model 10 2134 1664
Recessive model 8 2097 1623
Dominant model 14 2937 2867

rs4986791+1196C/T
(Asp399Gly)

Additive model 7 1741 1952

Additive model 5 1234 1485
Recessive model 4 877 1138
Dominant model 7 877 1138

CI= confidence interval, HWE=Hardy–Weinberg equilibrium, OR= odds ratio, TLR= toll-like receptor.

5

associated with asthma risk. Since then, many subsequent
replication studies have evaluated the association between
variants in TLRs and asthma risk. However, the results were
inconclusive and further assessment was needed. In current
study, we conducted an extensive, up-to-date, and unbiased
meta-analysis combining all together 18 studies consisting of
3538 asthma cases and 4090 healthy controls to evaluate the
association between 4 polymorphisms (rs5743708 and
rs3804099 in TLR2; rs4986790 and rs4986791 in TLR4)
and asthma. Our study demonstrated that variants in TLR2 and
TLR4 might influence the risk of asthma.
Genome-wide association study (GWAS) has been a useful

methods in discovering new genetic variants associated with
complex disease.[37] However, most complex diseases, such as
asthma, are usually caused by accumulation of several genetic
.

Inherited model Pooled OR (95% CI) I
2

P

G vs A 1.40 (0.85, 2.32) 34.3% .186
G vs A excluded for not in HWE 1.23 (0.67, 2.26) 54% .496
GG+GA vs AA 4.31 (0.51, 36.3) 0% .18
GG vs GA+AA 1.25 (0.74, 2.10) 28.7% .41
T vs C 1.12 (0.97, 1.31) 74.7% .13
TT+TC vs CC 1.06 (0.77, 1.46) 71.3% .741
TT vs TC+CC 1.51 (1.17, 1.96) 54% .002
A vs G 0.95 (0.81, 1.11) 0% .51

A vs G excluded for not in HWE 0.89 (0.74, 1.07) 0% .22
AA+AG vs GG 1.27 (0.68, 2.36) 0% .453
AA vs AG+GG 0.97 (0.82, 1.14) 0% .70
C vs T 0.80 (0.64, 0.99) 0% .04

C vs T excluded for not in HWE 0.81 (0.64, 1.02) 0% .07
CC+CT vs TT 0.86 (0.35, 2.14) 0% .75
CC vs CT+TT 0.76 (0.60, 0.97) 0% .025
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Figure 3. Meta-analysis of the association between TLR2 rs3804099 in TLR2 and asthma in dominant model. TLR= toll-like receptor.
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determinants and environmental factors. Each of these
variants gets a small effect, and therefore it is difficult to find
out new susceptibility locus in small sample size analysis. Many
variants look promising in the original GWAS while do not
meet the levels of significance. Meanwhile, the results of
independent cohorts were not conclusive, and meta-analysis
gives more conclusive results. For these variants did not reach
statistical significance in single analysis, we get the chance to
detect novel variants by combining results from single analysis
to meta-analysis.
In current meta-analysis, we extracted data from a combined

sample of 7628 individuals and the results show that rs3804099
in TLR2 and rs4986791 in TLR4 contribute to the increased
Figure 4. Meta-analysis of the association between TLR4 rs498679

6

risk of asthma. During the past years, several studies have
analyzed variants in TLR2 and TLR4 with asthma, while the
results were discordance due to small sample size and some
other reasons. By combining results from single analysis, we got
more conclusive results. Furthermore, our results further
confirmed the hypothesis that common genetic variants with
modest or small effects in single study might contribute to the
risk of complex disease and most of them were not identified.
Our results highlight the power of meta-analysis in genetic
association studies. However, further studies with larger sample
size and prospective study are needed to confirm these findings,
and biological study is needed to investigate the mechanisms
underling these variants and asthma.
0 in TLR4 and asthma in additive model. TLR= toll-like receptor.
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Figure 6. Meta-analysis of the association between TLR4 rs4986791 in TLR4 and asthma in dominant model. TLR= toll-like receptor.

Figure 5. Meta-analysis of the association between TLR4 rs4986791 in TLR4 and asthma in additive model. TLR= toll-like receptor.
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5. Conclusion

This meta-analysis provides the evidence that variations
rs3804099 in TLR2 and rs4986791 in TLR4 were associated
with asthma risk. However, further prospective studies with
larger sample size are needed to clarify the association between
other variation in TLRs and asthma.
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