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Introduction 
 
Chronic obstructive pulmonary disease (COPD) is 
a significant major cause of chronic morbidity and 
mortality worldwide. It is characterized by incom-
pletely reversible airflow limitation and persistent 
airway inflammation (1). However, the pathogene-
sis of COPD has not been fully clarified. The pre-
vious studies have revealed that an imbalance of 
endogenous proteinases and antiproteinases, in-
flammatory cells, proinflammatory mediators, and 
oxidative stress were responsible for the patho-

genesis of COPD (1, 2). In addition, genetic fac-
tors and environmental exposures like tobacco 
smoke are also involved in the pathogenesis of 
COPD (1). Of these risk factors, tobacco smoke is 
the most commonly encountered and important 
risk factor for COPD, and smokers account for 
80~90% of all COPD patients. However, only 
10~15% of smokers develop clinically significant 
COPD (3, 4). Moreover, many COPD patients 
have a family history and the occurrence of 
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Background: The association between β2-adrenergic receptor (ADRB2) -16Arg/Gly polymorphism (rs1042713) and 
chronic obstructive pulmonary disease (COPD) risk has been investigated in many published studies. However, the 
results were inconclusive. A meta-analysis was performed to make a more precise estimation of the relationship.  
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fidence interval (CI) were used to assess the strength of association.  
Results: Eleven studies, comprising 1,128 COPD patients and 1,182 controls, were included in the meta-analysis. 
Overall, there was no significant association between the ADRB2-16Arg/Gly polymorphism and COPD risk in gen-
eral population. In the stratification analysis by potential confounding variables, significant associations were observed 
between the ADRB2-16Arg/Gly polymorphism and COPD risk among smoking Asians under the dominant genetic 
model and allele model (Arg vs. Gly) (dominant model: OR = 1.45, 95% CI = 1.04–2.01, P = 0.311 for heterogeneity, 
z = 2.22, P = 0.026 for OR; allele model: OR = 1.27, 95% CI = 1.03–1.57, P = 0.209 for heterogeneity, z = 2.20, P = 
0.028 for OR), but not in other subgroups.  
Conclusion: This meta-analysis suggested that the ADRB2-16Arg/Gly polymorphism might be a potential risk factor 
for the development of COPD in smoking Asian populations, but not in European descendents, and tobacco smoking 
probably increased the genetic susceptibility. More studies with larger sample sizes are needed to validate the results. 
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COPD exhibits the high tendency of familial ag-
gregation (5). These findings indicate that the in-
dividual’s risk differences to tobacco smoke injury 
may be related to genetic factors and the genetic 
factors may also play an important role in the 
pathogenesis of COPD. Therefore, it is widely 
believed that COPD arises from an interaction 
between genetic factors and environmental expo-
sures. A number of candidate gene studies have 
been carried out to identify genetic susceptibility 
factors for COPD over the past few years. So far, 
more than 25 different candidate genes have been 
tested (6).  
β2-adrenergic agonists are one of the most effec-
tive bronchodilators available for the clinical treat-
ment of both COPD and asthma (7). They may 
induce bronchial relaxation and regulate airway 
hyperresponsiveness by binding to the β2-adrenergic 
receptor (ADRB2) in airway smooth muscle cells. 
However, not all the COPD patients have the 
same response to β2-agonists, which suggests that 
there is individual difference in the sensitivity of 
ADRB2 among COPD patients. The mechanism 
leading to this alteration is not still clear. The gene 
encoding ADRB2 is located on the chromosome 
5 (5q31–q32). To date, at least five polymor-
phisms of ADRB2 gene have been described, and 
they may result in single amino acid substitution at 
positions of 16, 27, 34, 164, and 19, respectively 
(8). In particular, the amino acid substitutions at 
positions 16 (rs1042713, Arg→Gly) and 27 
(rs1042714, Gln→Glu) have been shown to affect 
the receptor function in vitro (9). Previous re-
search also showed that agonist-promoted down-
regulation of ADRB2 was raised in 16Arg/Gly 
variant (10, 11). 
A large number of studies have investigated the 
association between ADRB2-16Arg/Gly polymor-
phism and COPD risk, but the results were incon-
sistent. Some studies proposed that Arg homozy-
gote at position 16 was a risk factor for COPD 
(12-14), whereas other studies found no associa-
tions between ADRB2-16Arg/Gly polymorphism 
and COPD (15-19). The discrepancy may be due 
to the relatively small sample sizes in these studies. 
Furthermore, some previous published studies 
may not properly investigate the effects of poten-

tial confounding variables, such as other polymor-
phic loci, ethnicity, environmental exposures (to-
bacco smoke, occupational dusts and chemicals, 
outdoor and indoor air pollution, sex, infection, 
socioeconomic status), and study design (study 
sample size, source of controls, genotyping meth-
ods, quality score).  
The purpose of this meta-analysis was to ascertain 
the association between ADRB2-16Arg/Gly poly-
morphism and COPD risk from all eligible studies 
by analyzing the effects of potential confounding 
variables. 
 

Materials and Methods 
 
Search strategy 
Since this study was a meta-analysis based on pub-
lished articles, we did not draft a statement of pa-
tient consent or seek the approval of internal re-
view boards. The study was conducted according 
to the Meta-analysis of Observational Studies in 
Epidemiology (MOOSE) guidelines (20). We per-
formed a comprehensive search from the elec-
tronic literature databases of PubMed, EMBASE, 
ISI web of science, the Cochrane Database of Sys-
tematic Reviews, and Chinese databases (CNKI, 
Wanfang Data, CBM, and VIP) using the key-
words:(Beta2-adrenoreceptor OR β2-adrenoceptor OR 
ADRB2 OR Beta2-adrenergic receptor OR β2AR) 
AND (SNP OR polymorphism OR single nucleo-
tide polymorphism OR variants) AND (COPD 
OR chronic obstructive pulmonary disease). No 
lower cut-off date was applied, and an upper date 
limit was on June 12, 2013. We retrieved all the 
eligible studies and checked their bibliographies 
for other relevant publications. If more than one 
publication included the same sample, we selected 
the most recent and complete one in our meta-
analysis. Only those with full text articles pub-
lished in English or Chinese language were in-
cluded. 
 

Inclusion criteria 
The eligible studies had to meet the following cri-
teria: a) case-control, cross-sectional, or cohort 
studies, b) evaluated ADRB2-16Arg/Gly polym-
orphism and COPD risk, c) provided information 
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on genotype frequency in COPD cases and con-
trols, d) supplied the definite diagnosis criteria for 
COPD patients, and e) fulfilled Hardy-Weinberg 
equilibrium in the genotype distribution of control 
group. 
 
Data extraction 
Two authors (Wang and Li) independently ex-
tracted data from the eligible studies according to 
the same inclusion criteria listed above. Disagree-
ments were resolved by consulting the third au-
thor (Chen). The following data were collected 
from each study: first author, year of publication, 
country, ethnicity, COPD definition and total 
number of cases and controls, the smoking status 
of cases and controls (smokers were defined as 
the subjects with at least 10 pack-years smoking 
history, and pack-years were calculated as the av-
erage number of cigarettes smoked per day di-
vided by 20 and multiplied by the number of years 
smoked (13)), genotyping methods, and the distri-
bution of genotype and allele (if there were no 
direct data in eligible study, we calculated it from 
the genotype frequencies).  
 
Quality score assessment  
The quality of each study was independently as-
sessed by the same two authors (Wang and Li). 
Quality scoring criteria was modified from the 
score systems by Thakkinstian (21) and Sun (22). 
These scores were built on both traditional epi-
demiologic considerations and genetic issues (23). 
The total scores ranged from 0 (worst) to 15 
(best).  
 
Statistical analysis 
All statistical analyses were done using STATA 
software (version 11.0, Stata Corp, College Station, 
TX, USA). The strength of the association be-
tween ADRB2-16Arg/Gly polymorphism and 
COPD risk was assessed using Odds ratios (OR), 
with 95% confidence interval (CI). The pooled 
OR was calculated for dominant model (Arg/Arg 
vs. Arg/Gly + Gly/Gly), recessive model 
(Gly/Gly vs. Arg/Gly + Arg/Arg), co-dominant 
model (Gly/Gly vs. Arg/Arg, Arg/Gly vs. 
Arg/Arg), and allele model (Arg vs. Gly), respec-

tively. The Cochran's Q statistic for heterogeneity 
among studies was performed and the I2 statistic 
were used to investigate the proportion of varia-
tion due to heterogeneity (24). A P value more 
than 0.10 for the Q statistic or the I2 less than 50% 
suggested a lack of heterogeneity among studies, 
and the pooled OR was calculated by the fixed-
effects model (the Mantel-Haenszel method) (25), 
otherwise, the random-effects model (the DerSi-
monian and Laird method) was performed (26). 
Once the pooled OR was calculated, and then Z 
statistic was used to test the significance of the 
pooled OR (P < 0.05 was considered statistically 
significant). To explore the sources of heterogene-
ity, the stratified analyses were carried out by 
smoking status (Yes/Undefined smoking), ethnic-
ity (European descendent/Asian), study sample 
size (> 200 subjects/ ≤ 200 subjects), source of 
controls (healthy smokers/healthy population), 
genotyping methods, and quality score. Studies 
with less than 10 scores were excluded in high 
quality score stratification.  
Hardy-Weinberg equilibrium (HWE) was assessed 
for each study in controls using the chi-square test 
or a Fisher’s exact test (P < 0.05 was considered 
as disequilibrium). If there was deviation from 
HWE in studies, they would be excluded from 
this meta-analysis. Sensitivity analysis was con-
ducted to assess the stability of the results by de-
leting a single study in this meta-analysis at a time. 
Publication bias was estimated by funnel plots 
Begg’s test and Egger’s test (P < 0.05 was consid-
ered statistically significant publication bias) (27, 
28).  
 

Results 
 

Studies characteristics 
Twelve published articles evaluating an association 
between ADRB2-16Arg/Gly polymorphism and 
COPD risk were collected (12-19, 29-32). Of the-
se, one was excluded from our meta-analysis due 
to lack of its agreement to HWE (29). In addition, 
two articles were published by the same author 
using the same data available (17, 30), thus we se-
lected the most recent and complete one (17). 
Therefore, 10 publications met the inclusion crite-
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ria (12-19, 31, 32). Among these publications, one 
publication (12) included two studies (Hegab AE-
1 and Hegab AE-2) according to different ethnici-
ty, so each study in this article was considered 
separately for pooling analyses. Finally, there were 
11 eligible studies in this final analysis. Six studies 
were involved in Asian subjects and five in Euro-
pean descendent subjects. Detailed characteristics 
of the studies included in this meta-analysis are 
given in Table 1 and 2. The literature search pro-
cedures are shown in Fig. 1. 
 

 
 

Fig. 1:  Flow diagram of the meta-analysis 

 
Overall meta-analysis 
Table 3 listed the main results of this meta-analy-
sis. The overall meta-analysis between the 
ADRB2-16Arg/Gly polymorphism and COPD 
risk included 11 studies involving 1128 COPD 
patients and 1182 controls. The variant genotypes 
(Gly/Gly and Arg/Gly) of the 16Arg/Gly were 
not associated with COPD risk compared with the 
wild type Arg/Arg homozygote (Gly/Gly vs. 
Arg/Arg: OR = 0.87, 95% CI = 0.55–1.39, P = 
0.001 for heterogeneity; Arg/Gly vs. Arg/Arg: 
OR = 0.94, 95% CI = 0.68–1.30, P = 0.028 for 
heterogeneity). Similarly, no significant associa-
tions were found under dominant model, reces-

sive model and allele model (dominant model: OR 
= 1.09, 95% CI = 0.76–1.55, P = 0.002 for heter-
ogeneity; recessive model: OR = 0.91, 95% CI = 
0.68–1.24, P = 0.018 for heterogeneity; allele 
model: OR = 1.07, 95% CI = 0.86–1.34, P = 
0.001 for heterogeneity) (Table 3 and Fig. 2). 
 
Stratification analysis  
In smoking Asian subgroup, the variant genotypes 
(Gly/Gly and Arg/Gly) had significant relation-
ship with COPD risk compared with the wild type 
Arg/Arg homozygote (Gly/Gly vs. Arg/Arg: OR 
= 0.64, 95% CI = 0.41–0.99, P = 0.153 for heter-
ogeneity, z = 2.01, P = 0.044 for OR; Arg/Gly vs. 
Arg/Arg: OR = 0.70, 95% CI = 0.50–0.99, P = 
0.607 for heterogeneity, z = 1.99, P = 0.046 for 
OR). Similar results were identified among smok-
ing Asians under the dominant model and allele 
model (dominant model: OR = 1.45, 95% CI = 
1.04–2.01, P = 0.311 for heterogeneity, z = 2.22, P 
= 0.026 for OR; allele model: OR = 1.27, 95% CI 
= 1.03–1.57, P = 0.209 for heterogeneity, z = 2.20, 
P = 0.028 for OR) (Fig. 3A and B). No statistical 
association was observed in smoking European 
descendent subgroup. The stratification analysis 
by smoking status did not indicate any significant 
associations, except among undefined smoking 
populations for recessive model (OR = 0.45, 95% 
CI = 0.24–0.85, P = 0.389 for heterogeneity, z = 
1.28, P = 0.201 for OR). In other subgroups by 
high-quality score (≥ 10), ethnicity, study sample 
size, source of controls and genotyping methods, 
the OR for each subgroup was not statistically 
significant. Results have been summarized in Ta-
ble 3. 
 
Sensitivity analysis and publication bias 
A sensitivity analysis was conducted to evaluate 
the stability of the results by deleting a single 
study at a time. The results of sensitivity analysis 
showed that no individual study significantly af-
fected the pooled ORs (Fig. 4). Publication bias 
was estimated by funnel plots Begg’s test and Eg-
ger’s test. The funnel plot was almost symmetrical 
and did not reveal any evidence of publication bi-
as (Fig. 5). 

http://ijph.tums.ac.ir/


Iranian J Publ Health, Vol. 43, No.7, Jul 2014, pp. 877-888 

881                                                                                                   Available at:    http://ijph.tums.ac.ir 

 
 
Fig. 2:  Forest plot for the association between ADRB2-16Arg/Gly and COPD risk under the dominant genetic 
model. High heterogeneity was existing among studies and the random-effects model was performed 

 

 
 
Fig. 3:  Forest plot for the association between ADRB2-16Arg/Gly and COPD risk among smoking Asians under 
allele and dominant genetic models. (A) dominant model, (B) allele model, fixed-effects model was used 
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The Begg’s test (dominant model: P = 0.806; 
Gly/Gly vs. Arg/Arg: P = 0.221; Arg/Gly vs. 
Arg/Arg: P = 0.806; allele model: P = 0.221) and 
Egger’s test (dominant model: P = 0.931; Gly/Gly 
vs. Arg/Arg: P = 0.124; Arg/Gly vs. Arg/Arg: P 
= 0.811; allele model: P = 0.211) also did not 

show any statistical significance. In addition, the 

95% CI (11.8~11.1) of Egger’s test included ze-
ro, which suggested that nearly no publication bias 
was existing among studies. 

 

 
 
Fig. 4:  Sensitivity analysis for the association between the ADRB2-16Arg/Gly polymorphism and COPD risk 
among smoking Asians. Each circle and transverse line represented the pooled OR and 95% CI by deleting the cor-
responding study 

 

 
 
Fig. 5:  Begg’s funnel plot for publication bias of studies under dominant model. Each circle represented a corre-
sponding study 
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Table 1: Main characteristics of the studies included in the meta-analysis 
 

First author (Ref.) Year Ethnicity/country Source of controls Smoking status HWE Genotyping methods 

Ho LI (32)  2001 Asian/China Healthy population Not mentioned Yes allele-specific PCR 
Hegab AE -1 (12) 2004 Asian/Japan Healthy smokers Smokers Yes TaqMan allelic discrimination 
Hegab AE -2 (12) 2004 European descendent/Egypt Healthy smokers Smokers Yes TaqMan allelic discrimination 
Yang M (15) 2004 Asian/China Healthy smokers Smokers Yes PCR direct sequencing 
Matheson MC (13) 2006 European descendent/Australia General population Mixed Yes ARMS-PCR 
Brogger J (16) 2006 European descendent/Norway Healthy smokers Smokers Yes TaqMan PCR 
Shi YK (17) 2008 Asian/China Healthy smokers Smokers Yes PCR direct sequencing 
Vacca G (31) 2009 European descendent/Germany Healthy volunteers Smokers Yes allele-specific PCR 
Papatheodorou A (19) 2010 European descendent/Greece Healthy smokers Smokers Yes Nanogen NanoChip® 400 
Wang W (14) 2011 Asian/China Healthy smokers Smokers Yes allele-specific PCR 
Wang C (18) 2011 Asian/China Healthy smokers Smokers Yes allele-specific PCR 

COPD, chronic obstructive pulmonary disease; HWE, Hardy-Weinberg equilibrium; ARMS, amplification refractory mutation system; PCR, poly-
merase chain reaction 
 

Table 2: The distribution of ADRB2-16Arg/Gly genotypes, and allelic frequency in COPD patients and controls 
 

First author (Ref.) Ethnicity/country Cases/Controls COPD group Control group Quality 
score 

   Genotype Allele Genotype Allele  
   Arg/Arg Arg/Gly Gly/Gly Arg Gly Arg/Arg Arg/Gly Gly/Gly Arg Gly  
Ho LI (32)  Asian/China 65/41 9 48 8 66 64 15 19 7 49 33 8 
Hegab AE -1 (12) Asian/Japan 88/61 29 42 17 100 76 11 32 18 54 68 13 
Hegab AE -2 (12) European  

descendent/Egypt 
106/72 14 46 46 74 138 16 33 23 65 79 13 

Yang M (15) Asian/China 90/82 40 38 12 118 62 34 38 10 106 58 10 
Matheson MC (13) European descend-

ent/Australia 
39/221 9 21 9 39 39 21 102 98 144 298 8 

Brogger J (16) European  
descendent/Norway 

238/239 38 121 79 197 279 40 109 90 189 289 13 

Shi YK (17) Asian/China 49/48 9 25 15 43 55 10 24 14 44 52 10 
Vacca G (31) European  

descendent/Germany 
190/172 41 93 56 175 205 49 92 31 190 154 11 

Papatheodorou A (19) European  
descendent/Greece 

111/106 18 49 44 85 137 12 49 45 73 139 12 

Wang W (14) Asian/China 92/80 30 45 17 105 79 14 42 24 70 90 10 
Wang C (18) Asian/China 60/60 26 25 9 77 43 24 29 7 77 43 11 
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Table 3: Odds ratio and 95% CI for COPD and the ADRB2-16Arg/Gly Polymorphism under different genetic models 
 

Variables N※ Dominant model Recessive model Gly/Gly vs. Arg/Arg Arg/Gly vs. Arg/Arg Arg vs.Gly 

  OR (95% CI) P* OR (95% CI) P* OR (95% CI) P* OR (95% CI) P* OR (95% CI) P* 

Total 11 1.09 (0.76,1.55) 0.002 0.91 (0.68,1.24) 0.018 0.87 (0.55,1.39) 0.001 0.94 (0.68,1.30) 0.028 1.07 (0.86,1.34) 0.001 
High quality score (≥10) 9 1.10 (0.81,1.50) 0.059 1.01 (0.75,1.37) 0.051 0.95 (0.60,1.49) 0.006 0.92 (0.73,1.16) 0.336 1.04 (0.84,1.30) 0.006 
Smoking status            

Yes 9 1.10 (0.81,1.50) 0.059 1.01 (0.75,1.37) 0.051 0.95 (0.60,1.49) 0.006 0.92 (0.73,1.16) 0.336 1.04 (0.84,1.30) 0.006 
Undefined smoking 2 0.90 (0.09,8.89) 0.000 0.45 (0.24,0.85) 0.389 0.62 (0.07,5.28) 0.010 1.41 (0.17,11.88) 0.001 1.21 (0.41,3.53) 0.004 

Ethnicity            
European descendent 5 1.03 (0.63,1.67) 0.024 1.00 (0.62,1.63) 0.003 0.96 (0.47,1.99) 0.001 1.05 (0.78,1.40) 0.251 1.02 (0.72,1.44) 0.001 

Asian 6 1.13 (0.65,1.96) 0.010 0.77 (0.54,1.10) 0.561 0.72 (0.47,1.08) 0.106 0.92 (0.53,1.62) 0.016 1.14 (0.86,1.52) 0.082 
Ethnicity (smokers)            
European descendent 4 0.83 (0.62,1.11) 0.229 1.20 (0.78,1.85) 0.029 1.31 (0.73,2.35) 0.037 1.14 (0.84,1.55) 0.520 0.88 (0.66,1.17) 0.030 

Asian 5 1.45 (1.04,2.01) 0.311 0.79 (0.54,1.14) 0.424 0.64 (0.41,0.99) 0.153 0.70 (0.50,0.99) 0.607 1.27 (1.03,1.57) 0.209 
Study sample size            
    >200 4 1.00 (0.75,1.34) 0.029 0.89 (0.51,1.56) 0.004 0.79 (0.34,1.79) 0.001 0.99 (0.73,1.35) 0.232 1.02 (0.87,1.21) 0.001 

≤200 7 1.01 (0.60,1.70) 0.005 0.93 (0.69,1.26) 0.232 0.93 (0.51,1.69) 0.024 0.99 (0.60,1.65) 0.015 1.04 (0.78,1.40) 0.016 
Source of controls            

Healthy smokers 8 1.19 (0.93,1.51) 0.130 0.90 (0.72,1.12) 0.325 0.83 (0.53,1.28) 0.058 0.86 (0.66,1.11) 0.358 1.11 (0.91,1.37) 0.064 
Healthy population 3 0.82 (0.27,2.53) 0.001 0.82 (0.27,2.49) 0.002 0.97 (0.22,4.34) 0.001 1.32(0.47,3.67) 0.006 0.99 (0.49,1.99) 0.001 

Genotyping methods            
Allele-specific PCR 4 0.87 (0.41,1.84) 0.003 1.01 (0.50,2.05) 0.024 1.12 (0.43,2.89) 0.007 1.14 (0.55,2.38) 0.007 0.95 (0.61,1.49) 0.005 
TaqMan PCR 3 1.03 (0.51,2.09) 0.039 0.93 (0.55,1.57) 0.080 0.93 (0.38,2.27) 0.020 1.03 (0.70,1.51) 0.123 1.05 (0.67,1.64) 0.015 
Other methods 4 1.36 (0.92,2.01) 0.256 0.78 (0.54,1.11) 0.204 0.64 (0.31,1.31) 0.097 0.75 (0.50,1.14) 0.618 1.24 (0.98,1.56) 0.114 

Other methods: PCR direct sequencing, ARMS–PCR, methodology of the Nanogen NanoChip® 400 

Dominant model: (Arg/Arg vs. Arg/Gly + Gly/Gly), Recessive model: (Gly/Gly vs. Arg/Gly + Arg/Arg) 
※ Number of comparisons 
* P value of Q test for heterogeneity test. Random effects model was used when P value for heterogeneity test <0.1; otherwise, fixed effects model 
was used 
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Discussion 
 

In the present meta-analysis (based on 1128 cases 
and 1182 control subjects from 11 eligible studies), 
we demonstrated that there was no significant as-
sociation between the ADRB2-16Arg/Gly poly-
morphism and COPD risk in the overall popula-
tions. We also found that ADRB2-Arg homozy-
gotes may be a high risk factor of developing 
COPD in smoking Asian populations. The results 
suggest that the presence of Arg allele might be 
one of the genetic factors susceptible to COPD 
and that smoking might increase the genetic sus-
ceptibility in Asian populations. 
There is likely to be a complicated interaction be-
tween genetic and environmental factors in the 
development of COPD (5). In recent years, ge-
nomewide association studies (GWAS) have been 
used as an important tool to identify susceptibility 
genes and loci associated with COPD (33-35). 
ADRB2, a member of a large super family of cell 
surface G protein-coupled receptors, has a seven 
transmembrane domain. It can mediate the ac-
tions of catecholamines and β2-adrenergic agonists 
(36). Therefore, β2-adrenergic agonists show sig-
nificant clinical effects on COPD patients. They 
may inhibit the proliferation of human airway 
smooth muscle cells and neutrophil accumulation 
besides bronchodilation (37, 38). In addition, they 
can also stimulate mucociliary transport of human 
bronchial epithelial cells and reduce the mucosal 
damage (39, 40). Therefore, the responsiveness of 
ADRB2 to β2-adrenergic agonists may play an im-
portant role in regulating airway hyperresponsive-
ness and the development of COPD. However, 
genetic variation in ADRB2 can influence desensi-
tization (36). It also has been reported that 
16Arg/Gly variant is related to increased agonist-
promoted down-regulation (10).  
To date, many studies were performed to assess 
the effects of ADRB2-16Arg/Gly single nucleo-
tide polymorphism (SNP) on COPD risk, but the 
results have been conflicting. These discrepancies 
could be due to factors as follows: First, a small 
sample size may lead to under-powering of studies 
to evaluate statistically significant effects. Second, 
different ethnicity may be associated with genetic 

risk, so studies with different populations have 
shown different results. Third, other potential 
confounding variables, such as other polymorphic 
loci, smoking status and study design (source of 
controls, genotyping methods, quality score), may 
also help to explain the controversy among these 
studies. Especially tobacco smoke was an im-
portant risk factor for COPD, but many studies 
have not taken into account it. 
Meta-analysis has been recognized as a powerful 
and effective method to solve a wide variety of 
clinical problems by summarizing and analyzing 
the cumulative data of the previous individual 
studies with small sample size and low statistical 
power. Pooling the effects of individual studies by 
meta-analysis, which increases the sample size and 
statistical power, can help explore accurate associ-
ations between genetic variability and disease out-
comes. So far, a number of gene polymorphisms 
have been found to be related to specific disease 
states by using meta-analysis. 
Our results from the present meta-analysis indi-
cated that the ADRB2-16Arg/Gly SNP was not 
associated with COPD risk in the overall popula-
tions and high heterogeneity was existing among 
these studies. In order to explore the sources of 
heterogeneity, we carried out stratification analysis 
by the potential confounding variables (i.e. smok-
ing status, ethnicity, study sample size, source of 
controls, genotyping methods, quality score). Our 
stratification analysis has tried to clarify the effects 
of confounding variables on the relationship be-
tween 16Arg/Gly polymorphism and COPD risk. 
However, the results highlighted that there was no 
significant association between ADRB2-
16Arg/Gly polymorphism and COPD risk and 
significant heterogeneity was present among each 
subgroup, except in smoking Asian populations. 
In the stratification analysis by smoking Asians, 
we found there was nearly no heterogeneity 
among these studies. The results showed that sig-
nificant associations were observed between the 
ADRB2-16Arg/Gly polymorphism and COPD 
risk under the dominant genetic model and allele 
model. The pooled data indicated that 16Gly allele 
may have a protective effect on COPD and that 
the Arg homozygotes may be a high risk factor of 
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developing COPD compared to the carriers of 
Gly allele in smoking Asian populations. There-
fore, these results suggested that the presence of 
Arg allele might be one of the genetic factors 
making these patients more susceptible to COPD, 
and some environmental factors such as smoking 
might increase the genetic susceptibility in Asian 
populations. Our findings were in agreement with 
the results of three studies included to the current 
meta-analysis (12-14), which showed that the 
Arg16 homozygous genotype had an increased 
risk of COPD. However, these results were in 
contrast to the study by Ho et al. (32), and they 
found the Arg allele to be less prevalent in COPD 
patients. Furthermore, some studies of the current 
meta-analysis indicated that the ADRB2-
16Arg/Gly polymorphism was not associated with 
risk of COPD (15-19, 31). The discrepancy may 
be caused by potential confounding variables. The 
results of our meta-analysis relied on published 
data, which may bring about a publication bias. In 
the current meta-analysis, the shape of funnel plot 
was symmetrical, and neither Egger’s test nor 
Begg’s test showed publication bias. 
Interestingly, a recent meta-analysis by Niu et al. 
also made an estimation of the relationship be-
tween ADRB2 gene polymorphisms and COPD 
risk (41). But they reported that there was no as-
sociation between them, and that 16Arg allele was 
not a risk of morbidity for COPD. Their results 
were partially inconsistent with the current meta-
analysis. A few of factors could explain the differ-
ence. First, quality assessment of studies included 
in the meta-analysis by Niu et al. was not per-
formed. Second, they did not assess the associa-
tion between ADRB2-16Arg/Gly and COPD risk 
under allele model. Finally, stratification analysis 
by some potential confounding variables like 
smoking status was not conducted in order to ex-
plore the sources of heterogeneity among studies. 
There are several limitations in the present meta-
analysis that should be mentioned. For example, 
we did not have original data of studies included 
in the current meta-analysis and we were not able 
to take into account other factors related to 
COPD like age, gender, air pollution, infection, 
and socioeconomic status, which may change the 

risk estimates. Besides, the sample size of the pre-
sent meta-analysis was relatively small and may 
not provide sufficient statistical power to assess 
the association between ADRB2 gene and suscep-
tibility to COPD. So a more precise analysis allow-
ing for the adjustment by other covariates should 
be performed if larger sample studies and more 
individual data are available. Finally, the ADRB2-
16Arg/Gly is highly linked with other polymor-
phic loci of the same gene or other genes. There-
fore, when investigating the effect of the ADRB2-
16Arg/Gly SNP on COPD susceptibility in smok-
ing Asian populations, we should consider these 
factors above. 
Sensitivity analysis is used to investigate the influ-
ence of a single study on the overall meta-analysis 
estimate, which may demonstrate whether the re-
sults of one meta-analysis are stable. In the cur-
rent meta-analysis, the results of sensitivity analy-
sis showed that no individual study significantly 
affected our overall results. Therefore, the results 
indicated that ADRB2-16Arg/Gly polymorphism 
might be a potential risk factor for the develop-
ment of COPD and Gly allele was likely to be a 
protective effect on COPD among smoking 
Asians, but the consequences should be further 
validated by the addition of more samples. 
 

Conclusion 
 

In conclusion, our meta-analysis suggests that 
ADRB2-16Arg/Gly polymorphism might be as-
sociated with COPD in smoking Asian popula-
tions and that tobacco smoking probably can in-
crease the genetic susceptibility of COPD in 
Asians, but not in European descendents, which 
gives a new opportunity to investigate the patho-
genesis of COPD susceptibility. But further pro-
spective investigations with larger sample studies 
are necessary. 
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