Systematic review/Meta-analysis

Correlations of three polymorphisms in 3_-adrenergic
receptor gene with chronic obstructive pulmonary
disease risk and related phenotypes: a meta-analysis

Guan Wang"?, Danni He?, Yang Wang*, Haifeng Jin, Lijie Yao!, Yang Jiang', Deshan Zhou?,

Lei Shen!, Wenquan Niu3?

'Department of Anatomy, Qigihar Medical University, Qigihar, Heilongjiang, China
’Department of Histology and Embryology, School of Basic Medical Sciences, Capital
Medical University, Beijing, China

3Institute of Clinical Medical Sciences, China-Japan Friendship Hospital, Beijing, China
‘Department of Medical Service Supervision, Qigihar Health Inspection Bureau,
Qigihar, Heilongjiang, China

*National Clinical Research Center for Respiratory Diseases, Beijing, China

Submitted: 10 October 2020; Accepted: 3 March 2021
Online publication: 20 March 2021

Arch Med Sci
DOI: https://doi.org/10.5114/aoms/133901
Copyright © 2021 Termedia & Banach

Abstract

Introduction: The gene encoding the B,-adrenergic receptor (ADRB2) is
a candidate gene for chronic obstructive pulmonary disease (COPD), yet
the results are not often reproducible. We aimed to assess the association
of ADRB2 genetic polymorphisms (rs1042713, rs1042714, and rs1800888)
with COPD risk and COPD-related phenotypes via a meta-analysis.

Material and methods: Literature search, quality evaluation, and data ex-
traction were completed independently and in duplicate. Effect-size estima-
tion is expressed as the odds ratio (OR) or weighted mean difference (WMD)
with a 95% confidence interval (Cl).

Results: In total 15 articles were meta-analyzed, including 12 articles
(2917/8807 patients/controls) for COPD risk, and 6 articles (18350 sub-
jects) for COPD-related phenotypes. Overall, there was no detectable signif-
icance for the association of rs1042713 (OR, 95% Cl: 1.02, 0.88-1.19) and
rs1042714 (1.01, 0.85-1.20) with COPD risk, and only marginal significance
retained for rs1800888 (1.31, 1.00-1.72). In subsidiary analyses, the associ-
ation of rs1042713 and rs1042714 with COPD risk was significant in popula-
tions of Asian origin (OR: 1.66 and 1.351, 95% Cl: 1.13-2.44 and 1.02-1.79).
Additionally, carriers of rs1042713 AA genotype had significantly lower levels
of FEV1 (WMD, 95% Cl: -0.011 L, —0.026 to —0.004) than carriers of GG geno-
types, and FVC% predicted levels were significantly higher for rs1042713 AA
genotype (6.914, 4.829 to 8.999) and AG genotype (4.249, 2.925-5.573) com-
pared with GG genotype. There were low probabilities of publication bias.
Conclusions: Our findings suggest that the contribution of ADRB2 genet-
ic polymorphisms to COPD risk is small and ethnicity-dependent, and to
COPD-related phenotypes is significant.

Key words: chronic obstructive pulmonary disease, p,-adrenergic receptor,
gene, polymorphism, meta-analysis.

Introduction

It is widely believed that the development of chronic obstructive
pulmonary disease (COPD) is largely under genetic control [1]. COPD is
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a complex disease of high prevalence, and it has
become the third leading cause of morbidity and
mortality worldwide [2]. As reported by the Glob-
al Burden of Disease (GBD) study, an estimated
174.5 million adults had COPD in 2015 [3]. Our
recent national survey indicated that in China, the
estimated total number of COPD patients aged
20 years or older was 99.9 million in 2015 [4]. Cur-
rently, debates concerning how to early identify
subjects at risk for COPD are still ongoing and un-
settled [5]. Identification of genetic markers hence
has proven to be feasible and effective, as herita-
bility of COPD was estimated to be 37.7% [6].

A considerable number of genes and polymor-
phisms have been assessed as candidate determi-
nants of the risk for COPD in recent literature [7,
8]. Many case-control studies have addressed in
particular the putative contribution of the B,-ad-
renergic receptor (ADRB2) gene to COPD suscep-
tibility. ADRB2 is a member of the G protein-cou-
pled receptor superfamily. Several polymorphisms
in the ADRB2 gene have been widely evaluated in
association with COPD risk, including rs1800888
(Thri64lle), rs1042713 (Arg16Gly) and rs1042714
(GIn27Glu). For instance, Ho and colleagues [9]
for the first time focused on the ADRB2 gene and
found that the Gly16 allele increased the suscepti-
bility to the development of COPD, and GIn27 was
associated with the severity of COPD in a Chinese
population. Another study on Germans by Vacca
and colleagues [10] showed that the Gly16 allele
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Figure 1. Flow diagram of study selection for the
meta-analysis

predisposed to COPD development, yet no rel-
evance was noted for Gln27Glu polymorphism.
A thorny issue facing human geneticists is the in-
consistent findings across different studies, possi-
bly due to diverse genetic backgrounds, heteroge-
neous subject characteristics or insufficient study
power of individual studies [11]. To shed some
light on this issue, we employed the meta-analyti-
cal method and tested the hypothesis that ADRB2
genetic polymorphisms are potential candidates
in predisposition to the development of COPD.

To be specific, we reviewed medical litera-
ture to identify eligible articles that assessed
the association of genetic polymorphisms in the
ADRB2 gene with the risk of having COPD, pooled
the results and explored possible causes of be-
tween-study heterogeneity. Meanwhile, we also
interrogated the association of three polymor-
phisms (rs1042713, rs1042714, and rs1800888)
with COPD-related phenotypes.

Material and methods

The meta-analysis was conducted according to
the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
statement [12]. The PRISMA checklist and flow
diagram are presented in Supplementary Table SI
and Figure 1, respectively.

Search strategy

We searched all potentially eligible studies
from PubMed, EMBASE, Web of Science, and Goo-
gle Scholar published before August 29, 2020. We
used the title or abstract search strategy with the
following entries: (‘ADRB2’ OR ‘B2-adrenergic re-
ceptor’ OR ‘B2 adrenergic receptor’ OR ‘beta2-ad-
renergic receptor’ OR ‘beta2 adrenergic receptor’
OR ‘beta-2-adrenergic receptor’ OR ‘ADRBR’ OR
‘B2AR’ OR ‘BETA2AR’ OR ‘ADRB2R’ OR ‘B-2-adren-
ergic receptor’ OR ‘adrenoceptor’) AND (‘polymor-
phism’ OR ‘variant’ OR ‘variation’ OR ‘mutation’
OR “allele’ OR ‘genotype’ OR ‘SNP’) AND (‘chronic
obstructive pulmonary’ OR ‘COPD’ OR ‘obstructive
pulmonary’). We also checked reference lists of
identified publications for other potentially rele-
vant studies. The literature search was complet-
ed by two authors (Guan Wang and Yang Wang).
All citations were combined, and duplicates were
manually excluded.

Selection criteria

Articles were inclusive if: a) the genotype or al-
lele counts of ADRB2 genetic polymorphisms were
provided in both COPD patients and controls;
b) the mean and standard deviation or standard
error or quartile or 95% confidence interval (Cl) of
COPD-related phenotypes (including FEV1%Pred
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or FEV1 or FVCor FVC% or FEV1/FVC) and genotype
counts were available; ¢) COPD was diagnosed by
generally accepted standards; d) polymorphisms
were genotyped using validated methods. Only
articles published in the English language and
conducted in populations were included, and arti-
cles published in the form of conference abstracts,
letters to the editor or correspondence, case re-
ports or case series, or reviews or meta-analyses
were excluded.

Following the above selection criteria, two au-
thors (Guan Wang and Yang Wang) independently
assessed the eligibility of each article for inclu-
sion, compared the results, and resolved any dis-
agreement by consensus.

Data extraction

The following data were extracted from each el-
igible study into a unified designed table: the first
author’s surname, year of publication, country,
ethnicity of the study subjects, study design, sam-
ple size, diagnosis of COPD, source of cases and
controls, age, gender, match, body mass index,
smoking status, pack years of smoking, forced ex-
piratory volume in one second (FEV1), forced ex-
piratory volume in one second % predicted (FEV1/
Pred%), forced vital capacity (FVC), forced vital
capacity % predicted (FVC/Pred%), the ratio of
forced expiratory volume to forced vital capacity
in one second (FEV1/FVC), the number of subjects
with different genotypes of ADRB2 genetic poly-
morphisms in both COPD patients and controls.
Data abstracted by the two authors (Guan Wang
and Yang Wang) were checked for coherence, and
any divergence was resolved by resorting to the
original context until a consensus was reached.

Quality score assessment

The quality of each study was independently
assessed by two authors (Guan and Yang) accord-
ing to the score system by Thakkinstian [13, 14]
displayed in Supplementary Table Sll. The quality
scores were based on both traditional epidemio-
logic considerations and genetic issues [14]. The
total scores ranged from 0 to 15.

Statistical analyses

Statistical analyses were conducted by the STATA
software Release 14.1 (Stata Corp, College Sta-
tion, TX). Considering the limited number of minor
homozygous genotypes, COPD risk prediction is
evaluated under the allele and dominant models
of inheritance only. The association between three
polymorphisms in the ADRB2 gene and COPD risk
was evaluated by weighted odds ratio (OR) with
95% Cl in COPD patients relative to controls. The
secondary outcome of this meta-analysis was the

a meta-analysis

difference in COPD-related phenotypes across
genotypes, as expressed as weighted mean differ-
ence (WMD) with 95% Cl. Summary OR and WMD
were calculated under the random-effects model,
due to the assumption of clinical and methodolog-
ical heterogeneity across studies, which can often
cause statistical heterogeneity. Additionally, in the
case of no statistical heterogeneity, a fixed-effects
model and a random-effects model yield very sim-
ilar results, and when statistical heterogeneity is
present, a random-effects model is preferred [15].

Statistical heterogeneity was quantified us-
ing the inconsistency index (/%) statistic (ranging
from 0.0% to 100.0%), which is defined as the
percentage of observed between-study variability
that is due to heterogeneity rather than chance.
If I exceeds 50% or y*-based probability is less
than 10%, it indicates significant heterogeneity.

Cumulative and sensitivity analyses were per-
formed to identify the influence of individual stud-
ies on overall estimation.

Funnel plots were used to assess the probability
of publication bias and small-study effect. If fun-
nel shape was asymmetric, it might suggest an as-
sociation between pooled estimate and study size
(publication bias or small study bias). Egger’s test
was used to objectively assess funnel asymmetry,
and the trim-and-fill method was used to calcu-
late probable missing studies due to publication
bias. To estimate the extent to which one or more
covariates explain heterogeneity, meta-regression
was employed as an extension to random-effects
meta-analysis.

Results
Qualified studies

The initial literature search retrieved 53 arti-
cles published in the English language, and two
additional articles were identified through other
sources. Based on predefined inclusion and exclu-
sion criteria, 15 articles were eligible for analysis
[9, 10, 16-28]. There were 12 articles involving
15 studies (2917 patients and 8807 controls) that
focused on the association of ADRB2 genetic poly-
morphisms (rs1042713 [Argl6Gly], rs1042714
[GIn27Glu], and rs1800888 [Thr164lle]) with the
risk for COPD, and 6 articles involving 10 studies
(18350 subjects) that focused on the changes in
either FEV1 or FEV1%Pred or FVC or FVC%Pred
or FEV1/FVC across genotypes of ADRB2 genetic
polymorphisms, if available. The score of included
studies was greater than or equal to 10.

Baseline characteristics

Baseline characteristics of eligible studies are
presented in Table I. All studies were published
between 2001 and 2018. Total sample size ranged
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from 106 to 8470. Five studies were prospective
in design, and 9 studies were retrospective. COPD
was diagnosed according to the GOLD [29] guide-
line in all but two (according to ATS [30]) studies.

Overall association with COPD risk

Figure 2 shows the forest plots of three poly-
morphisms in the ADRB2 gene associated with

A. rs1042713

a meta-analysis

the risk for COPD under the allele model of inher-
itance. There are 13, 12, and 2 studies eligible for
rs1042713, rs1042714, and rs1800888, respec-
tively. Overall, there was no detectable signifi-
cance for the association of rs1042713 (OR: 1.02,
95% Cl: 0.88-1.19) and rs1042714 (OR: 1.01,
95% Cl: 0.85—1.20) with COPD risk, with moderate
evidence of heterogeneity (/> 60.2% and 66.5%,
respectively). As for rs1800888, the mutant allele

Study ID OR (95% CI) Weight (%)
Ho et al. (2001) All M 3 0.69 (0.40, 1.22) 4.92
Hegab et al. (2004) J | ¢ 1.66 (1.04, 2.64) 6.24
Hegab et al. (2004) E —‘—T 0.65 (0.42, 1.00) 6.80
1 ‘
Brogger et al. (2006) i Py 1.12 (0.86, 1.45) 10.73
Matheson et al. (2006) i 2.07 (1.27,3.37) 5.91
Ferdinands et al. (2007) B N * § 0.56 (0.26, 1.21) 3.06
Ferdinands et al. (2007) W i * 1.57 (0.92, 2.69) 5.17
——
Vacca et al. (2009) i 0.84 (0.63, 1.13) 9.86
Papatheodorou et al. (2010) _‘L 1.00 (0.71, 1.40) 8.80
Thomsen et al. (2012) i 0.96 (0.88, 1.05) 15.01
Ganbold et al. (2016) T_ . 0.74 (0.50, 1.08) 7.71
Hussein et al. (2017) _f‘_ 1.38 (0.81, 2.33) 5.35
Li et al. (2018) <> 1.06 (0.81, 1.39) 10.44
Overall (/? = 60.2%, p = 0.003) ; 1.02 (0.88, 1.19) 100.00
Note: Weights are from random effects analysis i
O.2I6 1 3.I85

B. rs1042714
Study ID OR (95% CI) Weight (%)
Ho et al. (2001) All H—i— 0.86 (0.46, 1.58) 5.20
Hegab et al. (2004) } } L 2 > 2.58(0.83, 8.04) 2.00
Hegab et al. (2004) E ‘ ——— 2.59 (1.50, 4.48) 6.05
Brogger et al. (2006) + 0.93(0.72, 1.19) 11.67
Matheson et al. (2006) _‘_3" 0.76 (0.52, 1.11) 8.88

i
Vacca et al. (2009) + 1.02 (0.75, 1.37) 10.63
Papatheodorou et al. (2010) —Qh 0.88 (0.62, 1.25) 9.55
Thomsen et al. (2012) ':" 1.07 (0.98, 1.16) 14.97
Ganbold et al. (2016) — 061 (0.41,0.93) 8.17
Hussein et al. (2017) —’—§ 0.55(0.31, 0.98) 5.78
Zhao et al. (2017) _;‘"_ 1.13 (0.76, 1.68) 8.52
Li et al. 2018) + 1.52 (1.03, 2.26) 8.58
Overall (1 = 66.5%, p = 0.001) <> 1.01 (0.85, 1.20) 100.00
Note: Weights are from random effects analysis i

T T

0.124

8.04

Figure 2. Forest plots of three polymorphisms in ADRB2 associated with COPD under the allele model
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C. rs1800888
Study ID

OR (95% CI) Weight (%)

L 2

Ho et al. (2001) All

Thomsen et al. (2012)

Overall (12 = 0.0%, p = 0.335)

Note: Weights are from random effects analysis

|
E 1.04 (0.60, 1.80) 2378
!
1
— > 1.42 (1.04, 1.93) 76.22
1
1
1.31 (100, 1.72) 100

0.519 1
Figure 2. Cont.

of this polymorphism was significantly associated
with a 31% increased risk of COPD (OR: 1.31, 95%
Cl: 1.00-1.72), without heterogeneity (/*: 0.0%).

Subsidiary association with COPD risk

Table Il shows the effect size estimates by
subgrouping studies according to sample size,
ethnicity, study design, matched status, COPD
diagnosis, and sources of cases and controls re-
spectively under both allele and dominant mod-
els. Because of the limited number of eligible
studies for rs1800888, subsidiary analyses were
only conducted for rs1042713 and rs1042714.
Under the allele model, no significance was ob-
served for either polymorphism across all sub-
groups. By contrast, under the dominant model|,
the association of both polymorphisms with COPD
risk was significant in populations of Asian origin
(for rs1042713, OR: 1.66, 95% Cl: 1.13-2.44; for
rs1042714, OR: 1.35, 95% Cl: 1.02-1.79), without
heterogeneity (/% 0.0% and 1.7%, respectively). In
addition, rs1042713 was associated with ATS-di-
agnosed COPD under the dominant model (OR:
2.17,95% Cl: 1.14-4.12, I*: 0.0%).

Cumulative and influential analyses

The plots of cumulative and influential analy-
ses on the association of three studied polymor-
phisms in the ADRB2 gene with COPD risk are dis-
played in Supplementary Figure S1.

Publication bias

Begg’s and filled funnel plots of three poly-
morphisms in the ADRB2 gene associated with
COPD risk are displayed in Figure 3. The proba-
bility of publication bias was low, as reflected by
the seeming symmetry of Begg’s funnel plots and
as confirmed by Egger’s tests (all p > 0.1). Filled
funnel plots revealed that only one study was as-
sumed to be missing to make the funnel plot sym-

1.93

metrical for the association between rs1042713
and COPD risk.

Overall and subsidiary association with
COPD-related phenotypes

Table Ill shows the association of two polymor-
phisms (rs1042713 and rs1042714) in the ADRB2
gene with COPD-related phenotypes in both over-
all and subsidiary analyses.

In overall analyses, carriers of rs1042713 AA
genotype had significantly lower levels of FEV1
(WMD: -0.011 L, 95% Cl: —0.026 to 0.004) than
carriers of GG genotypes, with no evidence of
heterogeneity (both /2: 0.0%). Levels of FVC% pre-
dicted were significantly higher for rs1042713 AA
genotype (WMD: 6.914, 95% Cl: 4.829-8.999) and
AG genotype (WMD: 4.249, 95% Cl: 2.925-5.573)
compared with GG genotype. Significantly higher
FEV1/FVC was also found for the comparison of
rs1042714 CC genotype with GG genotype (WMD:
3.098, 95% Cl: 0.102-6.095).

In subsidiary analyses, FVC% predicted was
significantly higher in carriers of rs1042713 AA
genotype (WMD: 6.990, 95% Cl: 4.897-9.083) and
AG genotype (WMD: 4.250, 95% Cl: 2.923-5.577)
compared to GG genotype in populations of Cau-
casian origin. Significantly higher FEV1/FVC was
also observed for rs1042714 CC genotype com-
pared with GG genotype in Caucasians (WMD:
3.120, 95% Cl: 0.010-6.230).

Meta-regression analyses

To further account for between-study hetero-
geneity within a multivariable framework, we
performed meta- regression analyses by incorpo-
rating various study-level covariates including av-
eraged levels of FEV1%Pred, FVC%Pred, FEV1, FVC,
and FEV1/FVC ratio between ADRB2 gene poly-
morphisms and controls. In Figure 4, we interest-
ingly and exclusively observed that study design
was a significant source of between-study het-
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Correlations of three polymorphisms in B,-adrenergic receptor gene with chronic obstructive pulmonary disease risk and related phenotypes:

A. rs1042713 Begg’s funnel plot

Begg’s funnel plot with pseudo 95% confidence limits

1.0

0.5 °

logorg_16_A
o
1
o

—0.51

-1.01 . .
0 0.2 0.4
s.e. of: logorg_16_A

C. 151042714 Begg’s funnel plot

Begg’s funnel plot with pseudo 95% confidence limits

T T

T
0 0.2 0.4 0.6
s.e. of: logorg_27_A

E. rs1800888 Begg’s funnel plot

Begg’s funnel plot with pseudo 95% confidence limits

1.0

—0.51 T T T T
0 0.1 0.2 0.3
s.e. of: logorg_164_A

a meta-analysis

B. rs1042713 filled funnel plot
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Figure 3. Begg’s and filled funnel plots of three polymorphisms in ADRB2 gene associated with COPD under the

allele model

erogeneity by rs1042713 (FEV1%Pred (p = 0.009),
FVC%Pred (p = 0.048)) and rs1042714 (FEV1 (p =
0.035), FEV1/FVC ratio (p = 0.000)).

Although overall analyses failed to detect
any significance for rs1042713 and rs1042714,
subsidiary analyses indicated that both poly-
morphisms were potential candidate loci in sus-
ceptibility to COPD in Asians. In further geno-
type-phenotype analyses, carriers of the mutant
allele of rs1042713 had significantly higher lev-
els of FVC% predicted than those with the wild
genotype, and homozygous mutant genotype of
rs1042714 was associated with significantly high-
er FEV1/FVC levels relative to the corresponding

homozygous wild genotype, and the effects were
more obvious in Caucasians.

Discussion

In 2014, Wei and colleagues [31] conducted
a meta-analysis of 10 articles and found that
ADRB2 gene rs1042713 was a potential risk
factor for the development of COPD in smoking
Asian populations, but not in European descen-
dants. In 2017, Nielsen and colleagues [32] up-
dated this meta-analysis by including 16 articles
and additionally assessing the association of
three ADRB2 gene polymorphisms, like the pres-
ent study, examined with therapeutic response
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Correlations of three polymorphisms in B,-adrenergic receptor gene with chronic obstructive pulmonary disease risk and related phenotypes:

a meta-analysis

951°0 %¥'0S 978'/~606'6— o1~ (s8) ¢ 660°0 %E €9 0T /-9€T €1~ L10°€- (811) ¢ (I1e4an0) papipaid %OAL
WN VN Y11'8-¥10Z- 050'€ (89) 1 WN WN Y19 [~v6€ T~ 0v9'C (t)1 yog
8€8°0 %00 88%'/-16%'€1— 100°€- 8) 1 $%0°0 %1°SL 8S1°7-/8¢ L€~ S19°/1- (€s) ¢ syuaized 40D
:dnou8 Aq paydipaid %1AI4
VN VN Y11'8-%10'C- 0s0°€ (89) 1 VN VN ¥L9 [~¥6E T~ 0r9'C (Tt uejseined
8€8°0 %00 88" /-16%'€1— 100°€~ #8) ¢ $%0°0 %1°SL 8S1°7-/8€ L€~ S19°/1- (€s) ¢ uelsy
:Ayd1uyss Aq pajoipaid % 1AL
€850 %00 99t'9-¥59'C~ 906'1 (zv1) € 0000 %.8 (A4 Was T4 Wiha €00°01- (5z¢) € (I1edan0) pardipaid %TAIS
7950 %00 0vT'0-55€°0- 8500~ (6¥) € ¥87°0 %L TL 812°0-00%'0— 160°0~ (os1) T syusized adod
:dnou8 Aq (1) TATA
7950 %00 0vT'0-55€°0- 8500~ (6¥) € ¥87°0 %LT1 812°0-00%'0— 1600~ (os1) T uelsy
:Kydruyye Aq (1) TAIA
7950 %00 0vT0-55€°0- 8500~ (6%) ¢ ¥87°0 %L'C1 817°0-0%'0~ 160°0- (og1) T (hedan0) (1) TAZA
(u) u ‘(so)dwes (u) u ‘(sojdwes
d o 1D %S6 awm 1e303) saipnis d o 1D %56 awm 1e303) saipnis
99 'sA D) 9D 'SA 2D
¥1LTH01S sdnoip
VN VN ¥€€7-985°0 09t'1 (96) 1 VN VN 855°0-81C '€~ 0g€’T~ (L9)1 yiog
000'T %0°0 90%°0-90%' 0~ 000°0 (oogzn) € 000'1 %00 805°0-805°0~ 000°0 (weon) ¢ s|013u0)
/880 %0°0 9T =10 v~ €€V 0~ (020) € 190°0 %TH9 Z1101-847°8- L16°0 (ov1) € syuaized adod
:dnoi8 Aq (%) JA4/TA34
S10°0 %T9L ¥S8'1-8€.°0- 8550 (s956) € LO¥'0 %00 £25°0-9v8°0- 791°0- (1849) € ueiseone)
€410 %00 $69'0-%29°0- 0100 (s¥0€) ¢ 8500 W1TL SELTI-61C S~ 8sT’€E (6£00) T uedlyy
VN VN 89¢°71-89¢ ¥ 1— 0001~ (991 VN VN 060°€-060"L7— 0001~ (1 uelsy
“Ao1uuie Aq (%) DA4/TAIA
(u) u ‘(sejdwes (u) u ‘(sojdwes
d o 1D %56 awm 1e303) salpnis d o 1D %56 awm 1e303) saipnis
D9 ‘SA DY DD 'SA VY
€1LTH0TS! sdnoip

0D Nl d1qeL

11

Arch Med Sci



Table Ill. Cont.

Guan Wang, Danni He, Yang Wang, Haifeng Jin, Lijie Yao, Yang Jiang, Deshan Zhou, Lei Shen, Wenquan Niu

rs1042714

Groups

CG vs. GG

CCvs. GG

IZ

95% ClI

WMD

Studies (total
samples), n (n)

p

95% ClI

MD

w

Studies (total
samples), n (n)

FVC% predicted by ethnicity:

NA
NA

NA
NA

-21.030-5.30

-2.228-6.028

—-8.000
1.900

1(27)

1(58)

NA
NA

NA
NA

-10.000 -22.165-2.165
—-3.280-4.880

1 (45)
1(73)

Asian

0.800

Caucasian

FVC% predicted by group:

NA
NA
0.819

NA
NA
0.0%

-21.030-5.30
—2.228-6.028

-2.912-3.157

-8.000
1.900
0.122

1(27)
1(58)
3 (141)

NA
NA
0.634

NA
NA
0.0%

-22.165-2.165
—-3.280-4.880

-10.000

1 (45)
1(73)
3 (325)

COPD patients

Both
FEV1/FVC (%) (verall)

0.800
3.098

0.102-6.095

FEV1/FVC (%) by ethnicity:

0.563

2 (84) 1.516 -9.589-12.620 0.0%
0.010

1(57)

2.820 -8.342-13.982 0.0% 0.341

3.120

2 (253)

Asian

NA

NA

-3.145-3.165

NA

NA

0.010-6.230

1(72)

Caucasian
FEV1/FVC (%) by group

0.563

2 (84) 1.516 —9.589-12.620 0.0%
0.010

1(57)

2.820 —8.342-13.982 0.0% 0.341

3.120

2 (253)

COPD patients

Both

NA

NA

—-3.145-3.165

NA

NA

0.010-6.230

1(72)

OR - odds ratio, 95% Cl — 95% confidence interval, I> — inconsistency index, NA — not available.

to inhaled pB,-agonists in COPD, and they found
no associations with COPD risk or treatment
response. Extending the results of previous me-
ta-analyses, we made more efforts to explore
possible causes of between-study heterogeneity
by subsidiary analyses, and additionally inter-
rogated data on changes of COPD-related phe-
notypes across ADRB2 genotypes. On one hand,
although our overall analyses consolidated pre-
vious results, subsidiary analyses revealed that
the association between the ADRB2 gene and
COPD risk may be dependent on ethnicity and
diagnosis of COPD. In view of ethnic differences,
we agree that it is important to construct a da-
tabase of genetic determinants related to COPD
in each ethnic group, and deciphering the dif-
ference in the genetic profiles of different eth-
nic groups will help in unravelling the molecular
mechanisms involved in COPD. Nevertheless,
because of a small effect expected from studied
polymorphisms in the ADRB2 gene, studies of
multiple genes and polymorphisms are needed
to test a new hypothesis.

On the other hand, our genotype-phenotype
analyses indicated that ADRB2 genetic defects
might lead to changes in FVC% and FEV1/FVC. It
is widely believed that COPD is a complex poly-
genic disease, which is the result of combinations
of genetic and non-genetic factors, each of which
contributes to a tiny fraction of disease risk. It
might be speculated that the modulatory effect
of a single locus in the ADRB2 gene on COPD-re-
lated phenotypes is not strong enough to result
in a statistically significant risk for COPD. Also,
we agree that success in characterizing the ge-
netic underpinning of COPD will depend on our
capability to assess nonlinearities in the geno-
type-phenotype association, as well as possible
gene-gene and locus-locus interactions known
as epistasis.

Our findings are biologically plausible. There
is experimental evidence suggesting that ADRB2
has a strong correlation with airway bronchodila-
tion, and a predominant role in the treatment of
obstructive pulmonary diseases via mediating the
function of B,-adrenergic agonists [33]. The B,-ad-
renergic agonists may inhibit the proliferation of
human airway smooth muscle cells and neutro-
phil accumulation, and so the responsiveness of
ADRB2 to B,-adrenergic agonists thereby may play
a vital role in regulating bronchial hyperrespon-
siveness and the development of COPD [31].

Our results indicated that ADRB2 gene
rs1042713 and rs1042714 are potential candidate
loci in susceptibility to COPD in Asians. It has been
proved that ACE DD genotype [34] and TNF-alpha
+489 G/A genotype [35-38] are also risk factors
specially in Asians. More bench works could be
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Correlations of three polymorphisms in B,-adrenergic receptor gene with chronic obstructive pulmonary disease risk and related phenotypes:

A. Average FEV1%Pred by rs1042713

a meta-analysis

B. Average FVC%Pred levels by rs1042713
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Figure 4. Meta-regression analyses of rs1042713 and rs1042714 polymorphisms in ADRB2 with COPD-relevant

phenotypes

conducted to find out whether there exist syner-
gistic effects of the three polymorphisms on COPD
risk in Asians. Furthermore, more research includ-
ing genome-wide association study (GWAS) and
epigenetics should be considered to help decipher
the pathogenesis of COPD [35].

There are several possible limitations of this
present meta-analysis. Firstly, only studies pub-
lished in English were retrieved, and selection bias
is likely. It is estimated that grey literature may re-
sult in an overestimate of an association impact
by an average of 12% [39]. Secondly, our analy-
ses were based on cross-sectional observational
data, which precluded comment on causality be-
tween the ADRB2 gene and COPD risk, as well as
COPD-related phenotypes. Thirdly, eligible studies
on the association between rs1800888 and COPD
are limited, and although this association was
statistically significant, more studies are needed.
Fourthly, a large panel of subsidiary analyses were
conducted to appraise heterogeneity, as it is es-
timated that small sample size may lead to low
statistical efficiency.

In conclusion, our findings suggest that the
contribution of ADRB2 genetic polymorphisms to
COPD risk is small and ethnicity-dependent, yet
the contribution to COPD-related phenotypes is
significant but requires further confirmation. For
practical reasons, further investigations in large,
well-designed studies are required to elucidate
the association between ADRB2 genetic polymor-
phisms and COPD and its relevant phenotypes, as
well as the molecular mechanisms of these poly-
morphisms in the pathogenesis of COPD.
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