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Abstract. – OBJECTIVE: Previous stud-
ies have indicated that β2-adrenergic recep-
tor (ADRB2) genetic polymorphism is related 
to the risk of asthma, but the results still have 
some controversy and uncertainty. To this end, 
the meta-analysis was performed, including all 
studies that can be used to assess the correla-
tion between ADRB2 polymorphism and asth-
ma susceptibility.

MATERIALS AND METHODS: The related 
papers on ADRB2 polymorphisms and asthma 
were systematically reviewed in databases of 
PubMed, EMBASE, Cochrane Library, and Wan-
Fang, Odds ratios (ORs) and corresponding 95% 
confidence intervals (95% CIs) were measured. 
The sensitivity analysis and publication bias 
were evaluated to investigate the correlation.

RESULTS: This meta-analysis included 57 pa-
pers in total involving 11,157 cases and 12,281 
controls. Results illustrated that the C79G vari-
ant genotypes owned a reduced effect on asth-
ma susceptibility (G vs. C: OR=0.94, p=0.037). 
In the age stratification analysis, C79G polymor-
phism owned a reduced effect on asthma risk 
for children (GG vs. CC: OR=0.69, p=0.002; GG 
vs. CC+CG: OR=0.65, p<0.001). Furthermore, in 
the ethnic stratification analysis, the C79G vari-
ant genotypes also owned a reduced effect on 
asthma in Asians (GG vs. CC: OR=0.80, p=0.027; 
GG vs. CC+CG: OR=0.81, p=0.02). Besides, for 
A46G polymorphism, the ethnic stratification 
analysis demonstrated that the A46G variant 
owned an increased effect on asthma suscep-
tibility among Caucasians (G vs. A: OR=1.15, 
p=0.043). For C491T polymorphism, a consider-
able reduced effect was found between C491T 
and asthma susceptibility for children (CT vs. 
CC: OR=0.70, p=0.03). In the ethnic stratification 
analysis, the effect was also considerable in the 
Caucasian subjects. 

CONCLUSIONS: The present meta-analysis 
demonstrated that C79G and C491T polymor-
phism may be a defensive factor for asthma, 
while A46G polymorphism may be a risk factor 
for asthma among the Caucasian population.

Key Words
Asthma, ADRB2, Polymorphism, Meta-analysis, Sus-

ceptibility.

Abbreviations

OR, odds ratios; CI, confidence intervals; ADRB2, 
β2-adrenergic receptors; NA, not available; HWE, Har-
dy-Weinberg equilibrium; PCR, polymerase chain reac-
tion; RFLP, restriction fragment length polymorphism; 
F, fixed-effects model; R, random-effects model.

Introduction

As a common chronic inflammatory respirato-
ry disease, asthma is characterized by the chronic 
airway hyper-responsiveness and intermittent air-
flow obstruction, leading to wheezing, chest tight-
ness and shortness of breath1. In recent decades, 
the number of asthma patients has increased 
worldwide, placing heavy financial burdens to the 
family and society2,3. In etiology, environmental 
factors such as allergens, genetic variation, and 
air pollution, are interacted with various suscep-
tibility genes, contributing to asthma diseases4. 
So, far more than 100 candidate genes and single 
nucleotide polymorphism are reported to be asso-
ciated with asthma5,6.

As the superfamily members of G protein-cou-
pled receptors, β2-Adrenergic receptors (ADRB2) 
mediate the catecholamine-induced activation of 
the adenylate cyclase signaling cascade, which 
is a considerable mechanism in smooth muscle 
relaxation7. β2-Adrenergic receptors agonists are 
adopted as the premiere bronchodilator therapy 
to asthma because the activated ADRB2 leads to 
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the enlargement of small airways. Chromosome 
5q31-q32, which is mapped to ADRB2 receptor in 
the gene encoding, is considered to carry an asth-
ma susceptibility, atopic or bronchial hyper-re-
sponsiveness locus8-10. 

Although previous research on the correla-
tion between the A46G, C79G, and C491T of the 
ADRB2 gene and asthma susceptibility has been 
studied, results are controvertible and inconclu-
sive11-17. It is hypothesized that inconsistent findings 
may have resulted from either insufficient sample 
size in a single study or genetic heterogeneity of 
ADRB2 genetic variants in different populations. 
Hence, a comprehensive meta-analysis was carried 
out through all the available studies to investigate 
the correlation between ADRB2 genetic polymor-
phisms and asthma susceptibility, concentrating on 
A46G, C79G, and C491T polymorphism.

Materials and Methods 

Search Strategy
The literature search has been conducted in 

EMBASE, PubMed, Cochrane Library, and Wan-
Fang until August 2018. Keywords in electronic 
searches include terms of “asthma” or “allergic” 
or “atopy”, “polymorphism*” or “variant*” or 
“mutation”, “ADRB2” or “β2-AR” or “β2-adren-
ergic receptor”. In addition, this analysis only fo-
cused on studies written in Chinese and English. 

Exclusion and Inclusion Standards
Titles and abstracts were examined by two 

authors to identify the relevance in these stud-
ies. If case-control studies have been published 
in accordance with the following requirements, 
they have been involved in this meta-analysis: (1) 
case-control studies on human beings; (2) there 
are sufficient data for the evaluation of odds ra-
tios (ORs) and 95% confidence interval (CI), and 
p-value; (3) the correlation between asthma sus-
ceptibility and ADRB2 genetic variants (A46G, 
C79G, and C491T) is accessed. Furthermore, (1) 
duplication of published articles; (2) review arti-
cles, letters, and case reports; (3) studies on case 
groups only, were exclusive in this meta-analysis.

Data Extraction
Data from all available studies were carefully 

concluded by two independent investigators. The 
data included the following items: (1) frequency 
of controls and cases, involved genes and HWE 
status in controls; (2) detailed information about 

the published papers, including the publication 
date, the first author name, age group of the case, 
country, and ethnicity. If there was a divergence 
between two investigators, the issue was dis-
cussed to reach an agreement.

Statistical Analysis
The correlation strength between asthma sus-

ceptibility and ADRB2 genetic variants (A46G, 
C79G, and C491T) was evaluated by ORs with 95% 
CI. Stratified analyses were performed based on eth-
nicity, and age group in cases. The pooled ORs were 
measured for the following models, namely allelic, 
dominant, homozygote, recessive, and heterozy-
gote. The Q-test and I2 statistics were adopted for the 
quantification of statistical heterogeneity. The ran-
dom-effect framework was performed if there was 
a significant heterogeneity (p<0.05 or I2>50%)18; or, 
the fixed effects framework was utilized19. The sta-
bility of the results was evaluated in the sensitivity 
analysis by eliminating each eligible study every 
time. Egger’s and Begg’s tests (p<0.05 was consid-
ered significant) were also involved to evaluate the 
potential publication bias. STATA 15.0 (StataCorp 
LP, College Station, TX, USA) was used to conduct 
all the analyses. p<0.05 in the two-tail test suggested 
that the difference had statistical significance.

Results

Collection of Qualified Studies
Figure 1 reveals the process of the qualified study 

collection. Based on the mentioned searching meth-
od, 1056 potential publications were identified from 
the initial search through PubMed, EMBASE, Co-
chrane Library, and Wanfang Databases. After re-
moving duplicate papers, titles and abstracts of the 
remained papers were evaluated based on exclusion 
and inclusion standards. Finally, 163 studies were 
left for the following research. With the exclusion of 
ineligible studies, 57 case-control studies were read, 
involving 11,157 cases and 12,281 controls11-14,16,20-70. 
The distribution of the ADRB2 gene polymorphism 
(A46G, C79G, and C491T) in control was inconsis-
tent with HWE in three studies30,68,71. The characteris-
tics of each study are shown in Table I.

Correlation of A46G Polymorphism 
With Asthma Risk

A meta-analysis of the A46G polymorphism 
comprised 55 studies with 10,621 asthma pa-
tients and 12,106 controls. In the overall analysis, 
no considerable correlation was proved between 
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asthma susceptibility and the A46G polymor-
phism. In the age stratification analysis, no con-
siderable correlation was discovered between the 
A46G polymorphism and asthma susceptibility 
under any model. While in the ethnic stratifica-
tion analysis, a statistically considerable correla-
tion was proved in Caucasians (G vs. A: OR=1.15, 
p=0.043), as shown in Table II and Figure 2.

Correlation of C79G Polymorphism 
With Asthma Risk

Totally, 44 studies with 7800 asthma patients 
and 9214 control subjects were involved to evalu-
ate the correlation between asthma susceptibility 
and C79G genetic polymorphism. A statistically 
considerable correlation was detected between 
C79G and asthma susceptibility in the allelic 
model (G vs. C: OR=0.94, p=0.037). The subgroup 
analysis of age demonstrated that there was a con-
siderable reduced asthma risk for children (GG 
vs. CC: OR=0.70, 95% CI=0.55-0.90, p=0.005; 
GG vs. CC+CG: OR=0.65, 95% CI=0.52-0.82, 
p<0.001), as shown in Figures 3 and 4. To fur-
ther assess the correlation between the C79G and 
asthma risk, an ethnic subgroup analysis was 

conducted. C79G polymorphism owned a sig-
nificantly reduced effect on asthma susceptibility 
in Asians (GG vs. CC: OR=0.80, 95% CI=0.66-
0.98, p=0.027; GG vs. CC+CG: OR=0.80, 95% 
CI=0.66-0.97, p=0.02), as shown in Figures 5 and 
6. Results are shown in Table III.

Correlation of C491T Polymorphism
With Asthma Risk

The correlation between the C491T polymor-
phism and asthma susceptibility was measured in 
eight studies containing 2038 asthma patients and 
3634 control subjects. No considerable correlation 
was observed between the C491T polymorphism 
and asthma susceptibility in any comparison of 
genetic models in the population, as shown in Ta-
ble IV. The age stratification analysis suggested 
that a considerable correlation existed between 
C491T polymorphism and asthma susceptibility 
for children (CT vs. CC: OR=0.67, 95% CI=0.51-
0.89, p=0.005). Besides, the ethnic stratification 
analysis revealed that, in Caucasian subjects, a 
statistically considerable correlation of C491T and 
asthma risk existed in heterozygous models (CT 
vs. CC: OR=0.52, 95% CI=0.29-0.94, p=0.03).

Figure 1. Flow chart of study 
selection in this meta-analysis.
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Figure 2. Forest plot on the association between the A46G polymorphism and asthma susceptibility in Caucasians.
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Sensitivity Analysis and Publication Bias
Sensitivity analysis was performed by exclud-

ing any study in sequence. The results showed that 
these conclusions were accurate and reliable in all 
genetic models when removing studies that deviat-
ed from HWE, as shown in Figure 7. The potential 

bias of the publication was examined by Begg’s 
and Egger’s test72,73. As shown in Figure 8, the 
symmetrical shape of the funnel plot indicated that 
the publication bias was excluded in any genetic 
model, except for the co-dominant model of A46G 
polymorphism. Results are shown in Table II-IV.

Figure 3. Forest plot on the association between the C79G polymorphism and asthma susceptibility stratified by age group 
in the co-dominant model.
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Discussion

Asthma is a common allergic respiratory dis-
ease caused by an intricate interplay of genetic 
and environmental factors. Several high-risk en-
vironmental factors have been recognized, and 
it has also ben found that several genes are cor-

related with pathological regulation of asthma74-76. 
ADRB2, which encodes the β2-adrenergic recep-
tor, is a possible risk gene for asthma. This receptor 
lives in airway smooth muscle cells, resulting in 
the bronchiectasis caused by interactions between 
the receptor and the complete set of molecules such 
as hormones and small molecule compounds77. 

Figure 4. Forest plot on the association between the C79G polymorphism and asthma susceptibility stratified by age group 
in the recessive model.ww
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Previous studies11-17 have indicated that ADRB2 
genetic polymorphism is correlated with asthma 
susceptibility, but the results were still debatable 
and controversial. To resolve the contradictory 
findings, this meta-analysis was conducted to pre-
cisely investigate the correlation between asthma 
susceptibility and the ADRB2 genetic polymor-
phism.

In the current meta-analysis, 57 case-control 
studies of 11,157 cases and 12,281 controls were 
systematically adopted to assess the correlation 
between the A46G, C79G, and C491T polymor-
phisms in the ADRB2 gene and asthma sus-
ceptibility. By the combined results, A46G, and 
C491T have not been shown to be correlated with 
asthma risk in the entire population. In the eth-

Figure 5. Forest plot on the association between the C79G polymorphism and asthma susceptibility stratified by ethnicity in 
the co-dominant model.
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nic stratification analysis, an increased asthma 
susceptibility was only observed with the A46G 
polymorphism in Caucasians, and the defensive 
effect of C491T polymorphism was also detected 
in Caucasians. In the age stratification analysis, a 
defensive effect was only observed in the C491T 
polymorphism for adult and only in the co-dom-
inant model. As for the C79G polymorphism, a 

statistically considerable correlation was detected 
in the whole population in the allelic model. The 
ethnic stratification analysis indicated that there 
was a defensive effect of C79G polymorphism on 
asthma risk in Asians. Similarly, a defensive ef-
fect from the C79G polymorphism was detected 
for children in the comparison between co-domi-
nant and recessive models.

Figure 6. Forest plot on the association between the C79G polymorphism and asthma susceptibility stratified by ethnicity in 
the recessive model.
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Several meta-analyses have explored the cor-
relation between the ADRB2 polymorphisms 
and asthma susceptibility. In 2004, the first me-
ta-analysis was conducted to assess the correla-
tion between the two polymorphisms (A46G and 
C79G) and asthma susceptibility by Migita et al78. 
It was reported that these two common polymor-
phisms do not contribute to the risk of asthma78. 
However, this conclusion is contradictory to the 
findings in the current study. A larger systemat-
ic meta-analysis was conducted to investigate the 
correlation between the ADRB2 polymorphisms 
(A46G and C79G) and asthma susceptibility by 
Xie et al17. According to their work, A46G and 
C79G are probably risk factors for asthma in 
Asians and adults, respectively. This conclusion 
is in contrast with the conclusion of the ethnic 
or age stratification analyses, in which the A46G 
polymorphism may increase asthma susceptibil-
ity in Caucasians and the C79G polymorphism 
may have a defensive effect on the asthma risk 
in Asians and Children. The latest meta-analysis 
by Khan et al15 demonstrated that the A46G and 
C79G polymorphism in the ADRB2 gene does 
not contribute to the risk for asthma. This result is 
contradictory with the results of this study.

However, there are some limitations in this 
meta-analysis. Firstly, the majority populations 
included in the present study are of Asian eth-
nicity. Future research needs more people of dif-
ferent races. Secondly, publication bias should be 
considered. There was almost no publication bias 
in any genetic model, except for the co-dominant 
model of A46G polymorphism. Finally, although 
relevant published articles in other languages 
were not considered, a language bias might have 
occurred in this meta-analysis, because it contains 
only Chinese and English language literature.

Conclusions

We found that the C79G polymorphism may 
have a defensive effect on asthma risk for Asians 
and children, the C491T polymorphism may have 
a defensive factor against asthma in Caucasians 
and adults. Additionally, the A46G polymorphism 
is a risk factor for asthma in Caucasians. To fur-
ther validate the potential function of ADRB2 ge-
netic variation in asthma risk, further large-scale 
multi-center studies were needed with large sam-
ple sizes and well-designed methods.

Figure 7. Sensitivity anal-
ysis for the influences of 
the A46G polymorphism 
and asthma susceptibility 
under the allele model.



X. Yu, L.-W. Wang, Q. He, K. Khan, X.-Y. Chen, J. Li

3922

Funding
This work was supported by the National Natural Science 
Foundation of China (81770028), the Natural Science Foun-
dation of Guangdong (2016A030310087), the Project of 
Shenzhen Basic Research Plan (JCYJ20160422165836057), 
Clinical research of Health and Family Planning Commis-
sion of Shenzhen Municipality (SZLY2017024).

Conflict of Interests
The authors declared that they have no conflicts of interests.

References

    1)	 Kudo M, Ishigatsubo Y, Aoki I. Pathology of asthma. 
Front Microbiol 2013; 4: 263.

    2)	Global Initiative for Asthma (GINA). Global strategy 
for asthma management and prevention. National 
Institute of Health (NIH) Publication, Updated 2017. 
(http://www.ginasthma.org).

    3)	Ober C, Yao TC. The genetics of asthma and aller-
gic disease: a 21st century perspective. Immunol 
Rev 2011; 242: 10-30.

    4)	Bouzigon E, Nadif R, Le Moual N, Dizier MH, Aschard 
H, Boudier A, Bousquet J, Chanoine S, Donnay C, 
Dumas O, Gormand F, Jacquemin B, Just J, Mar-
garitte-Jeannin P, Matran R, Pison C, Rage E, Rava M, 
Sarnowski C, Smit LA, Temam S, Varraso R, Vignoud L, 
Lathrop M, Pin I, Demenais F, Kauffmann F, Siroux V. 
Genetic and environmental factors of asthma and 
allergy: results of the EGEA study. Rev Mal Respir 
2015; 32: 822-840.

    5)	Meyers DA. Genetics of asthma and allergy: what 
have we learned? J Allergy Clin Immunol 2010; 
126: 439-446; quiz 447-448.

    6)	Wang ZR, Wang Q, Sui Y, Zhang ZL, Jia FJ, Fan J, 
Zhang ZJ. Dexamethasone alleviates allergic asth-
ma immature rat through Toll like receptor 4. Eur 
Rev Med Pharmacol Sci 2018; 22: 184-189.

    7)	Pierce KL, Premont RT, Lefkowitz RJ. Seven-trans-
membrane receptors. Nat Rev Mol Cell Biol 2002; 
3: 639-650.

    8)	van Veen A, Wierenga EA, Westland R, Weller FR, 
Hart GA, Jansen HM, Jonkers RE. Limited beta2-ad-
renoceptor haplotypes display different agonist 
mediated airway responses in asthmatics. Respir 
Res 2006; 7: 19.

    9)	Postma DS, Bleecker ER, Amelung PJ, Holroyd KJ, 
Xu J, Panhuysen CI, Meyers DA, Levitt RC. Genetic 
susceptibility to asthma-bronchial hyperrespon-
siveness coinherited with a major gene for atopy. 
N Engl J Med 1995; 333: 894-900.

  10)	 Gaffin JM, Raby BA, Petty CR, Hoffman EB, Baccarelli 
AA, Gold DR, Phipatanakul W. β-2 adrenergic recep-
tor gene methylation is associated with decreased 
asthma severity in inner-city schoolchildren: asthma 
and rhinitis. Clin Exp Allergy 2014; 44: 681-689.

  11)	 Alghobashy AA, Elsharawy SA, Alkholy UM, Abdal-
monem N, Abdou MA, Basset MAA, Pasha HF. B2 
adrenergic receptor gene polymorphism effect on 
childhood asthma severity and response to treat-
ment. Pediatr Res 2018; 83: 597-605.

  12)	Saadi AV, Gupta H, Angural A, Dhanya SK, Mony 
S, Oberoi D, D’Souza SC, Sahoo RC, Hande MH, 
Gopinath PM, Satyamoorthy K. Single nucleotide 
polymorphisms of ADRB2 gene and their associ-
ation with susceptibility for Plasmodium falciparum 
malaria and asthma in an Indian population. Infect 
Genet Evol 2013; 20: 140-147.

  13)	Hua L, Zuo XB, Bao YX, Liu QH, Li JY, Lv J, Fang DZ, 
Lin Q, Bao J, Ji RX. Four-locus gene interaction be-
tween IL13, IL4, FCER1B, and ADRB2 for asthma 
in Chinese Han children. Pediatr Pulmonol 2016; 
51: 364-371.

Figure 8. Funnel plot of 
publication biases on the as-
sociation between the A46G 
polymorphism and asthma 
susceptibility under the al-
lele model.



β2-AR polymorphism and asthma susceptibility

3923

  14)	Larocca N, Moreno D, Garmendia JV, Velasquez O, 
Martin-Rojo J, Talamo C, Garcia A, De Sanctis JB. 
Beta 2 adrenergic receptor polymorphisms, at co-
dons 16 and 27, and bronchodilator responses in 
adult Venezuelan asthmatic patients. Biomed Pap 
Med Fac Univ Palacky Olomouc Czech Repub 
2013; 157: 374-378.

  15)	Khan I, Ul-Haq Z, Shaheen A, Zaman M, Ahmad N, Ab-
basi R, Siraj S. Association of arg16gly and gln27glu, 
b2-adrenergic receptor gene polymorphism with 
asthma. A systematic review and meta-analysis of 
case control studies. J Pak Med Assoc 2018; 68: 
90-97.

  16)	Guo X, Zheng H, Mao C, Guan E, Si H. An asso-
ciation and meta-analysis study of 4 SNPs from 
beta-2 adrenergic receptor (ADRB2) gene with risk 
of asthma in children. Asian Pac J Allergy Immunol 
2016; 34: 11-20.

  17)	Xie H, Cheng Y, Huo Y, Huang G, Su J. Association 
between β2-adrenoceptor gene polymorphisms 
and asthma risk: an updated meta-analysis. PLoS 
One 2014; 9: e101861.

  18)	DerSimonian R, Laird N. Meta-analysis in clinical trials 
revisited. Contemp Clin Trials 2015; 45: 139-145.

  19)	Mantel N, Haenszel W. Statistical aspects of the 
analysis of data from retrospective studies of dis-
ease. J Natl Cancer Inst 1959; 22: 719-748.

  20)	Ramphul K, Hua L, Bao YX, Li JY, Liu QH, Ji RX, 
Fang DZ. Identification of IL13 C1923T as a single 
nucleotide polymorphism for asthma in children 
from Mauritius. Pediatr Allergy Immunol Pulmonol 
2015; 28: 92-95.

  21)	Ramphul K, Lv J, Hua L, Liu QH, Fang DZ, Ji RX, Bao 
YX. Single nucleotide polymorphisms predisposing 
to asthma in children of Mauritian Indian and Chi-
nese Han ethnicity. Braz J Med Biol Res 2014; 47: 
394-397.

  22)	Liu ZQ, Jiao Y, Liu CJ, Zhang HC, Hu BR. Association 
between polymorphisms and haplotypes of the 
beta-2 adrenergic receptor gene and asthma in a 
Chinese Han population. Int J Clin Exp Med 2014; 
7: 3812-3817.

  23)	Martinez-Aguilar NE, Del Río-Navarro BE, Navar-
ro-Olivos E, García-Ortíz H, Orozco L, Jiménez-Mo-
rales S. SPINK5 and ADRB2 haplotypes are risk 
factors for asthma in Mexican pediatric patients. J 
Asthma 2015; 52: 232-239.

  24)	Chung LP, Baltic S, Ferreira M, Temple S, Waterer G, 
Thompson PJ. Beta2 adrenergic receptor (ADRβ2) 
haplotype pair (2/4) is associated with severe 
asthma. PLoS One 2014; 9: e93695.

  25)	Telleria JJ, Blanco-Quirós A, Muntión S, Antonio 
Garrote J, Arranz E, Armentia A, Díez I, Castro J. 
Tachyphylaxis to beta2-agonists in Spanish asth-
matic patients could be modulated by beta2-adre-
noceptor gene polymorphisms. Respir Med 2006; 
100:1072-1078.

  26)	Hakonarson H1, Bjornsdottir US, Ostermann E, Ar-
nason T, Adalsteinsdottir AE, Halapi E, Shkolny D, 
Kristjansson K, Gudnadottir SA, Frigge ML, Gislason 
D, Gislason T, Kong A, Gulcher J, Stefansson K. Al-
lelic frequencies and patterns of single-nucleotide 
polymorphisms in candidate genes for asthma and 
atopy in Iceland. Am J Respir Crit Care Med 2001; 
164: 2036-2044.

  27)	Almomani BA, Al-Eitan LN, Samrah SM, Al-Quas-
mi MN, McKnight AJ. Candidate gene analysis 
of asthma in a population of Arab descent: a 
case-control study in Jordan. Per Med 2017; 14: 
51-61.

  28)	Llanes E, Quiralte J, López E, Sastre B, Chacártegui M, 
del Pozo V, Palomino P, Lahoz C, Cárdaba B. Analy-
sis of polymorphisms in olive pollen allergy: IL13, 
IL4RA, IL5 and ADRB2 genes. Int Arch Allergy 
Immunol 2009; 148: 228-238.

  29)	Kohyama K, Abe S, Kodaira K, Yukawa T, Hozawa S, 
Morioka J, Inamura H, Ota M, Sagara H, Schwartz 
LB, Kurosawa M. Arg16Gly β2-adrenergic receptor 
gene polymorphism in Japanese patients with 
aspirin-exacerbated respiratory disease. Int Arch 
Allergy Immunol 2011; 156: 405-411.

  30)	Bandaru S, Akka J, Marri VK, Alvala M, Ponnala 
D, Mundluru HP. Analysis of ADRB2 (Arg16Gly) 
gene variant with susceptibility, pharmacoge-
netic response and disease severity in south In-
dian asthmatics. Inflammation 2015; 38: 2146-
2155.

  31)	Shah NJ1, Vinod Kumar S, Gurusamy U, Annan Sudar-
san AK, Shewade DG. Effect of ADRB2 (adrenergic 
receptor beta2) gene polymorphisms on the occur-
rence of asthma and on the response to nebulized 
salbutamol in South Indian patients with bronchial 
asthma. J Asthma 2015; 52: 755-762.

  32)	Santillan AA1, Camargo CA Jr, Ramirez-Rivera A, 
Delgado-Enciso I, Rojas-Martinez A, Cantu-Diaz F, 
Barrera-Saldaña HA. Association between β2-ad-
renoceptor polymorphisms and asthma diagnosis 
among Mexican adults. J Allergy Clin Immunol 
2003; 112: 1095-1100.

  33)	Shachor J, Chana Z, Varsano S, Erlich T, Goldman E, 
Dror Y, Yakovy I, Navon R. Genetic polymorphisms 
of the beta-2 adrenergic receptor in Israelis with 
severe asthma compared to non-asthmatic Israe-
lis. Isr Med Assoc J 2003; 5: 821-824.

  34)	Munakata M, Harada Y, Ishida T, Saito J, Nagabukuro 
A, Matsushita H, Koga N, Ohsaki M, Imagawa K, Shi-
ratsuchi T. Molecular-based haplotype analysis of 
the beta 2-adrenergic receptor gene (ADRB2) in 
Japanese asthmatic and non-asthmatic subjects. 
Allergol Int 2006; 55: 191-198.

  35)	Qiu YY, Zhang XL, Qin Y, Yin KS, Zhang DP. 
Beta(2)-adrenergic receptor haplotype/polymor-
phisms and asthma susceptibility and clinical 
phenotype in a Chinese Han population. Allergy 
Asthma Proc 2010; 31: 91-97.

  36)	Li H, Xiaoyan D, Quanhua L, Jie L, Yixiao B. Single-nu-
cleotide polymorphisms in genes predisposing to 
asthma in children of Chinese Han nationality. J 
Investig Allergol Clin Immunol 2009; 19: 391-395.

  37)	Ye YM, Kang YM, Kim SH, Lee HY, Kim CW, Park CS, 
Hong CS, Park HS. Probable role of Beta 2-adren-
ergic receptor gene haplotype in toluene diisocy-
anate-induced asthma. Allergy Asthma Immunol 
Res 2010; 2: 260-266.

  38)	Liao W, Li WM, Zhao CM, Guang LX, Yin XJ, Ai 
YP, Xi M. Primary study on the relationship be-
tween β2-adrenergic receptors genetic polymor-
phisms and asthma in children of Han nationality 
of Chongqing. J Third Milit Med Univ 2001; 23: 
968-971.



X. Yu, L.-W. Wang, Q. He, K. Khan, X.-Y. Chen, J. Li

3924

  39)	Bhatnagar P, Gupta S, Guleria R, Kukreti R. β2-ad-
renergic receptor polymorphisms and asthma in 
the North Indian population. Pharmacogenomics 
2005; 6: 713-719.

  40)	Reihsaus E, Innis M, MacIntyre N, Liggett SB. Muta-
tions in the gene encoding for the beta 2-adrener-
gic receptor in normal and asthmatic subjects. Am 
J Respir Cell Mol Biol 1993; 8: 334-339.

  41)	 Tian M, Liang H, Qin QZ, Zhang WX, Zhang SS. 
ADRB2 polymorphisms in allergic asthma in Han 
Chinese children. Int Forum Allergy Rhinol 2016; 
6: 367-372.

  42)	Kotani Y, Nishimura Y, Maeda H, Yokoyama M. Be-
ta2-adrenergic receptor polymorphisms affect air-
way responsiveness to salbutamol in asthmatics. 
J Asthma 1999; 36: 583-590.

  43)	Wang JY, Liou YH, Wu YJ, Hsiao YH, Wu LS. An as-
sociation study of 13 SNPs from seven candidate 
genes with pediatric asthma and a preliminary 
study for genetic testing by multiple variants in 
Taiwanese population. J Clin Immunol 2009; 29: 
205-209.

  44)	Chan IH, Tang NL, Leung TF, Huang W, Lam YY, Li 
CY, Wong CK, Wong GW, Lam CW. Study of gene-
gene interactions for endophenotypic quantitative 
traits in Chinese asthmatic children. Allergy 2008; 
63: 1031-1039.

  45)	Szczepankiewicz A, Breborowicz A, Sobkowiak P, Kramer 
L, Popiel A. Role of ADRB2 gene polymorphism in 
asthma and response to beta(2)-agonists in Polish 
children. J Appl Genet 2009; 50: 275-281.

  46)	 Binaei S, Christensen M, Murphy C, Zhang Q, Quasney M. 
Beta2-adrenergic receptor polymorphisms in children 
with status asthmaticus. Chest 2003; 123: 375S.

  47)	Lin YC, Lu CC, Shen CY, Lei HY, Guo YL, Su HJ. 
Roles of genotypes of beta2-adrenergic receptor 
in the relationship between eosinophil counts and 
lung function in Taiwanese adolescents. J Asthma 
2003; 40: 265-272.

  48)	Leung TF, Tang NL, Chan IH, Li AM, Ha G, Lam CW, 
Fok TF. Distribution in allele frequencies of predis-
position-to-atopy genotypes in Chinese children. 
Pediatr Pulmonol 2002; 34: 419-424.

  49)	Salama MS, Ashaat NA, Hamad AA. Genetic asso-
ciation between common beta-2 adrenoreceptor 
polymorphism and asthma severity in school-age 
children. Egy J Med Hum Gen 2011; 12: 151-156.

  50)	Al-Rubaish A. β2-adrenergic receptor gene poly-
morphisms in normal and asthmatic individuals in 
the Eastern Province of Saudi Arabia. Ann Saudi 
Med 2011; 31: 586-590.

  51)	Holloway JW, Dunbar PR, Riley GA, Sawyer GM, 
Fitzharris PF, Pearce N, Le Gros GS, Beasley R. As-
sociation of beta2-adrenergic receptor polymor-
phisms with severe asthma. Clin Exp Allergy 2000; 
30: 1097-1103.

  52)	Yang Z, Zhang H, Wei W. Effect of β2-adrenergic 
receptor polymorphisms on childhood asthma and 
therapeutic efficacy of longacting β2-agonist. J 
Clin Pediatr 2012; 30: 739-743.

  53)	Gao G, Wang S, Zhang J. Study on beta2 adrener-
gic receptor genetic polymorphisms in asthmatics 
in the people of the Han nationality of northern 
China. Zhonghua Jie He He Hu Xi Za Zhi Chin 
2000; 23: 93-97.

  54)	Chiang CH, Lin MW, Chung MY, Yang UC. The 
association between the IL-4, ADRβ2 and ADAM 
33 gene polymorphisms and asthma in the Tai-
wanese population. J Chin Med Assoc 2012; 75: 
635-643.

  55)	Zhang XY, Zhao WL, G Q. Relationship between 
genetic polymorphisms of β2-adrenergic receptor 
and childrood asthma. J Clin Pediatr 2008; 26: 
399-402.

  56)	Xie Y, Yang ZZ, Chai BC. Relationship of genetic 
polymorphism of β2-adrenergic receptor and asth-
ma in children in shanghai area. Chin J Appl Clin 
Pedia 2008; 23: 272-273.

  57)	Zheng BQ, Wang GL, Yang S, Lu YQ, Liu RJ, Li Y. 
Study of genetic susceptibility in 198 children with 
asthma. Zhongguo Dang Dai Er Ke Za Zhi Chin 
2012; 14: 811-814.

  58)	Gao JM, Lin YG, Qiu CC, Gao J, Ma Y, Liu YW, Liu Y. 
Association of polymorphism of human β2-adren-
ergic receptor gene and bronchial asthma. Acta 
Acad Med Sin 2002; 24: 626-631.

  59)	Tuerxun K, Shabiti Y, Wang W, Wufuer H. Study on 
the β2AR polymorphism in asthmatic abnormal 
black savda patients. J Xinjiang Med Univ 2008; 
30: 945-948.

  60)	Liu L, Fang LZ, Dai, LM. Combination effect of 
‘Cicnc polymorphisms in 16 position of β2-adren-
ergic receptor and cigarette smoking on asthma in 
Chinese Han individuals. Med Recapitulate 2009; 
15: 4.

  61)	Feng D, Ye X, Zhang X, Yu H, Diao X, Zhang X, Luo 
R. Study on β2-adrenergic receptor genetic poly-
morphisms and asthma. J Mod Clin Med Bioeng 
2004; 10: 5-7.

  62)	He XQ, Li FX, Tan JY, Yang XX. Association of single 
nucleotide polymorphisms of ADRB2 Arg16Gly 
with asthma in southern Chinese population. Im-
munol J 2012; 28: 687-690.

  63)	Cui LY, Liu XH, Gao LX, Fan DS. Study on the as-
sociation between β2-adrenergic receptor genetic 
polymorphisms and asthma in the population of 
Inner Mongolia. Chin J Clin Med 2007; 149: 477-
481.

  64)	Karam RA, Sabbah NA, Zidan HE, Rahman HM. As-
sociation between genetic polymorphisms of be-
ta2 adrenergic receptors and nocturnal asthma in 
Egyptian children. J Investig Allergol Clin Immunol 
2013; 23: 262-266.

  65)	Wang Z, Chen C, Niu T, Wu D, Yang J, Wang B, Fang 
Z, Yandava CN, Drazen JM, Weiss ST, Xu X. Associ-
ation of asthma with beta(2)-adrenergic receptor 
gene polymorphism and cigarette smoking. Am J 
Respir Crit Care Med 2001; 163: 1404-1409.

  66)	El Akkary I, El-Kholy ZA, Mokhtar MM, Mervat MM, 
Inas MM, Abdel NIA. Study the possible role of 
β2 adrenergic receptor gene in the pathogene-
sis of bronchial hyperresponsiveness in asthmatic 
patients and its relation to disease severity and 
treatment response. J Am Sci 2012; 8: 394-408.

  67)	Isaza C1, Sepúlveda-Arias JC, Agudelo BI, Arciniegas 
W, Henao J, Porras GL, Beltrán L. β(2) -adrenore-
ceptor polymorphisms in asthmatic and non-asth-
matic schoolchildren from Colombia and their re-
lationship to treatment response. Pediatr Pulmonol 
2012; 47: 848-855.



β2-AR polymorphism and asthma susceptibility

3925

  68)	Petrovic-Stanojevic N, Topic A, Nikolic A, Stankovic 
M, Dopudja-Pantic V, Milenkovic B, Radojkovic D. 
Polymorphisms of beta2-adrenergic receptor gene 
in serbian asthmatic adults: effects on response to 
beta-agonists. Mol Diagn Ther 2014; 18: 639-646.

  69)	 Birbian N, Singh J, Jindal SK, Singla N. Association of 
β2-adrenergic receptor polymorphisms with asthma in 
a North Indian Population. Lung 2012; 190: 497-504.

  70)	 Tatarskyy PF, Chumachenko NG, Kucherenko AM, 
Gulkovskyi RV, Arabskaya LP, Smirnova OA, Tolkach SI, 
Antipkin YuG, Livshits LA. Study on possible role of 
CYP1A1, GSTT1, GSTM1, GSTP1, NAT2 and ADRB2 
genes polymorphisms in bronchial asthma develop-
ment in children. Biopolym Cell 2011; 27: 66-73.

  71)	 Fu WP, Zhao ZH, Zhong L, Sun C, Fang LZ, Liu L, 
Zhang JQ, Wang L, Shu JK, Wang XM, Dai LM. Re-
lationship between polymorphisms in the 5’ leader 
cistron, positions 16 and 27 of the adrenergic β2 
receptor gene and asthma in a Han population from 
southwest China. Respirology 2011; 16: 1221-1227.

  72)	Egger M, Davey Smith G, Schneider M, Minder C. Bias 
in meta-analysis detected by a simple, graphical 
test. BMJ 1997; 315: 629-634.

  73)	Begg CB, Mazumdar M. Operating characteristics of 
a rank correlation test for publication bias. Biomet-
rics 1994; 50: 1088-1101.

  74)	Papi A, Brightling C, Pedersen SE, Reddel HK. Asthma. 
Lancet 2018; 391: 783-800.

  75)	Bandaru S, Tarigopula P, Akka J, Marri VK, Kattamuri 
RK, Nayarisseri A, Mangalarapu M, Vinukonda S, 
Mundluru HP, Sagurthi SR. Association of Beta 2 
adrenergic receptor (Thr164Ile) polymorphism with 
Salbutamol refractoriness in severe asthmatics 
from Indian population. Gene 2016; 592: 15-22.

  76)	Kauffmann F, Demenais F. Gene-environment inter-
actions in asthma and allergic diseases: challeng-
es and perspectives. J Allergy Clin Immunol 2012; 
130: 1229-1240.

  77)	Johnson M. Beta2-adrenoceptors: mechanisms 
of action of beta2-agonists. Paediatr Respir Rev 
2001; 2: 57-62.

  78)	Migita O, Noguchi E, Jian Z, Shibasaki M, Migita T, 
Ichikawa K, Matsui A, Arinami T. ADRB2 polymor-
phisms and asthma susceptibility: transmission 
disequilibrium test and meta-analysis. Int Arch 
Allergy Immunol 2004; 134: 150-157.


