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ABSTRACT
Introduction: Many recent guidelines have highlighted the importance of genetic factors in
chronic obstructive pulmonary disease (COPD) development. Adrenoreceptor beta 2 (ADRB2) is
believed to be linked to the response to beta 2 agonists. However, the data for this gene remains
controversial. In our studywe aimed to investigate the impact of the Gln27Glu gene polymorphism
of ADRB2 on the clinical course of COPD. Methods: 100 patients were included into the study.
We assessed GOLD group, number of exacerbations, hospitalizations, modified Medical Research
Council (mMRC) dyspnea and COPD assessment test (CAT) scores, and the utilization of antibiotics,
glucocorticoids, and xanthines in these patients, as well as genetic testing at inclusion. All patients
had their medication changed to tiotropium/olodaterol. Results: Groups did not differ according
to age, sex, smoking status, pack-years, or COPDduration. We found that patientswith theGln27Gln
polymorphism had the lowest GOLD grading, D. No difference was found in the number of exacer-
bations, hospitalizations, and out-patient exacerbations in the year prior to inclusion and the study
year. Tiotropium/olodaterol were comparable in all study groups in reducing exacerbations and
hospitalizations. There was no significant difference in mMRC and CAT values between the groups.
We found that Gln27Gln patients required less antibiotics at inclusion and less glucocorticoids at
the end of the study. Tiotrpium/olodaterol showed variable results for different genotypes regard-
ing the reduction in use of different drugs. Conclusion: This ADRB2 polymorphismwas associated
with the progression of COPD as it is linked to amore severe phenotype, requiring greater use of an-
tibiotics and glucocorticoids. This indicates potential crosstalk at the cellular level between ADRB2
and glucocorticoid receptors and should be investigated further.
Key words: ADRB2 gene, antibiotics, COPD, corticosteroids, exacerbations

INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a
widespread and treatable disease. It is characterized
by persistent symptoms of pulmonary function de-
cline secondary to changes in the airways and/or alve-
oli, usually caused or triggered by environmental fac-
tors, such as tobacco smoke, on the susceptible organ-
ism1. Data collected in the BOLD (Burden of Ob-
structive LungDisease) study states that COPDaffects
10.1% of people globally, with higher prevalence in
men (11.8%) compared to women (8.5%)2. Several
studies have also shown a high prevalence of COPD
in never smokers (3 — 11%)2,3. Blanco et al. mea-
sured COPD prevalence in Europe to be 12.4%4, and
it accounts for more than 3 million deaths annually,
worldwide5. Some studies also predict that COPD
will be the cause of 5.4 million deaths by the year
2060 due to the wider spread of smoking in devel-
oping countries, and ageing populations in developed

countries6. COPD also severely increases the risk of
co-morbidities, including those from the top ten lead-
ing causes of death, such as coronary artery disease,
strokes, diabetes mellitus type 2, chronic kidney dis-
ease, pneumonia, and lung cancer7–10.
As has been stated in guidelines, COPD development
requires a combination of environmental and inter-
nal factors, and multiple studies have suggested an
important role for several genes related to the regu-
lation of inflammation, fibrosis, and airway respon-
siveness11. One of these is adrenoreceptor beta 2
(ADRB2), which some studies have shown to be re-
lated to COPD development12, severity 13, and re-
sponse to beta-2 agonists14. One study showed vary-
ing prevalence of ADRB2 gene alleles in COPD pa-
tients and healthy controls15 and there is also data
suggesting that ADRB2 polymorphisms are related
to the response to inhaled corticosteroids16,17. In
our study we aimed to investigate the impact of the
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Gln27Glu polymorphism of ADRB2 on the clinical
course of COPD.

METHODS
This study was performed at the Department of Pro-
pedeutics of Internal Medicine of the Vinnytsia Na-
tional PirogovMemorial Medical University and Vin-
nytsia City Clinical Hospital № 1. Local ethics com-
mittee permission was obtained prior to the start of
the study. All patients signed informed consent prior
to any study-related procedures.
100 patients with the diagnosis of COPD were in-
cluded into the study average age was 64.09 ± 1.94
years. Therewere 66men (66%) and 34women (34%).
There were 68 smokers or ex-smokers (68%) and 32
(32%) never smokers average smoking experiencewas
24.44± 4.84 pack-years. AverageCOPDdurationwas
9.35± 2.42 years.
The following inclusion criteria were used: age from
18 to 80 years; COPD diagnosis of at least 12 months
prior to inclusion, proven by medical records of the
patients or positive medical history; FEV1/FVC < 0.7
at inclusion. The following exclusion criteria were
used: any relevant disease, laboratory disorder, or
other relevant history that could affect patient safety
during participation in this study inability of the pa-
tient to follow study procedures alcohol or illicit drug
abuse in the medical history or at inclusion.
We performed 3 different visits during the study
which comprised the following: visit 1 — baseline
visit, visit 2 — study visit at 5 ± 1 weeks, visit 3 —
final visit at 52± 1 weeks.
At the baseline visit all patients signed an informed
consent form. We collected relevant medical records
and checked inclusion criteria. We recorded data rel-
evant to the purpose of the study which included: ex-
acerbations in the previous 12 months, which were
recorded separately as in-patient and out-patient ex-
acerbations; smoking status and number of pack-
years; COPD duration. Based on the medical records
and information provided by the patient, we recorded
data for previous use of the following drug groups: an-
tibiotics (AB), glucocorticoids (GCS), and xanthines.
For each of the drug groups, we recorded the rea-
son for their use, number of separate courses, and
total treatment duration in days. All patients com-
pleted amodifiedMedical ResearchCouncil (mMRC)
scale and COPD Assessment Tool (CAT) question-
naire. Genetic testing was performed at visit 1 for the
assessment of the Arginine-16-Glycine (Arg16Gly)
polymorphism, also known as (+46A>G; rs1042713).
For the study purposes all patients were switched to
a combination of long-acting muscarinic antagonists

(LAMA) and long-acting beta-agonists (LABA). All
patients were taught to use the new inhaler properly.
At visit 2 we collected intermittent data for mMRC
scale and CAT evaluation and reassured proper in-
haler use. At visit 3 we collected the following in-
formation: exacerbations in the previous 12 months,
which were separately recorded as in-patient and out-
patient exacerbations; use of AB, GCS, and xanthines.
For each of the drug groups, we recorded the reason
for their use, number of separate courses, and total
treatment duration in days. All patients completed
mMRC scale and CAT questionnaires.
Genetic testing was performed using real-time poly-
merase chain-reaction at the laboratory of Vinnytsia
National Pirogov Memorial Medical University. Ac-
cording to the genetic testing results, patients were di-
vided into 3 groups: Arg16Arg (group 1) — 23 pa-
tients (23 %), Arg16Gly (group 2) — 39 patients (39
%), Gly16Gly (group 3) — 38 patients (38 %).
Statistical analysis was performed using SPSS (Ver-
sion 26.0 for Windows; USA). Descriptive statistics
were determined for each interval parameter and are
represented by the mean value ± standard deviation
(SD). We used the Kolmogorov Smirnov test for as-
sessment of data distribution in the sample. Chi-
square method was used to compare nominal val-
ues. Mann-Whitney U-test and T-test were used for
the comparison of two independent samples with ab-
normal and normal data distribution, respectively.
Wilcoxon test was used to compare two dependent
samples with abnormal data distribution, and t-test
was used to compare paired samples with normal
data distribution. Three or more independent sam-
ples were analyzed by Kruskal-Wallis test. For corre-
lation analysis we used Spearman correlation coeffi-
cient for abnormally distributed data andPearson cor-
relation coefficient for normally distributed data. Lin-
ear regression analysis was used to determine predic-
tors of dependent variables. In regression analysis we
only included data that had weak, moderate, strong,
or very strong correlations with the dependent vari-
able. Regression analysis results are presented in odds
ratio [OR], 95% C. A significance of p < 0.05 was con-
sidered statistically significant.

RESULTS
There were 21 (60%) men and 14 (40%) women in
the Gln27Gln group, 29 (74.4%) men and 10 (25.6%)
women in the Gln27Glu group, and 16 (61.5%) men
and 10 (28.5%)women inGlu27Glu group, whichwas
not significantly different (p = 0.367). Groups also
did not differ by the number of smokers (p = 0.683)
(Table 1).
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Table 1: Sex and smoking status in the study groups

Group Gln27Gln
(n = 35)

Gln27Glu
(n = 39)

Glu27Glu
(n = 26)

p

Parameter % % %

Men 21 60 29 74.4 16 61.5 0.367

Women 14 40 10 25.6 10 28.5 0.367

Smokers 24 68.6 28 71.8 16 61.5 0.683

Table 2: Prevalence of GOLD clinical groups in COPD patients with Gln27Glupolymorphism of ADRB2 gene

Study group GOLD COPD

C D

% % %

Gln27Gln (n = 35) 9 25.7 20 57.2 6 17.1

Gln27Glu (n = 39) 7 20 9 23.1 23 58.9

Glu27Glu (n = 26) 3 11.5 13 50 10 38.5

χ2 15.526

p p = 0.004

Table 3: Clinical parameters in the study groups

Groups Gln27Gln Gln27Glu
(n = 39)

Glu27Glu
(n = 26)

p

Parameter

Age, years 61.57± 1.76 64.69± 1.56 66.58± 1.68 0.127

COPD duration ,years 13.49± 2.16 9.69± 0.85 10.00± 1.06 0.136

Pack-years 23.60± 4.2 27.59± 3.75 20.85± 5.02 0.408

Exacerbation 1st year, n 2.54± 0.276 2.77± 0.25 2.96± 0.27 0.320

-Hospitalizations 1st year, 1.03± 0.15 1.33± 0.17 1.31± 0.23 0.448

-Out-patient 1st year, 1.51± 0,202 1.46± 0.19 1.65± 0.12 0.243

Exacerbations 2nd years, 1.51± 0.14 1.69± 0.2 1.81± 0.21 0.628

-Hospitalizations 2nd year, 0.31± 0.01 0.36± 0.09 0.46± 0.13 0.583

-Out-patient 2nd year, 1.23± 0.12 1.33± 0.19 1.35± 0.17 0.934

When the prevalence of GOLD groups was assessed
using the chi-square method, there was a significant
difference between the study groups (χ2 = 15.526, p
= 0.004). There were no GOLD A group patients in
the study, and there was amarked difference for group
D patients, which consisted of 6 (17.5%) patients with
Gln27Gln, 23 (58.9%) with Gln27Glu, and 10 (38.5%)
in the Glu27Glu group (Table 2). There was a weak
positive correlation between the Gln27Gln genotype
with GOLD group C (r = 0.225, p = 0.024) and a
weak negative correlation with GOLD (r = -0.329, p =

0.001). Each Gln copy in the genotype correlated pos-
itively, and Glu copies negatively, with GOLD group
D (Gln: r = 0.211, p = 0.035; Glu: r = -0.211, p =
0.035). Therefore, theGln27Glu polymorphism could
be involved in the pathogenesis of COPD and may be
responsible for its severity.
When comparing groupswithANOVAanalysis, there
was no significant difference in age (p = 0.127), COPD
duration (p = 0.136), and number of pack-years (p =
0.408). The Duncan’ multiple range test showed there
was a tendency towards a difference in age between
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Table 4: mMRC and CAT values during the study in the study groups

Groups Gln27Gln
(n = 35)

Gln27Glu
(n = 39)

Glu27Glu
(n = 26)

p

Parameter

mMRC1 2.31± 0.11 2.49± 0.1 2.54± 0.14 0.274

mMRC2 2.17± 0.1 2.26± 0.09 2.27± 0.13 0.760

mMRC3 1.89± 0.13 2.03± 0.12 2.00± 0.12 0.808

CAT1 23.09± 1.35 25.49± 1.38 23.35± 0.14 0.315

CAT2 18.8± 1.22 20.53± 1.32 18.92± 1.17 0.530

CAT3 16.43± 1.33 17.42± 1.37 15.88± 1.23 0.854

Table 5: Part of the patients requiring AB, GCS and xanthines in the study groups before the treatment

Group Drugs

AB GCS Xanthines

n % n % n %

Gln27Gln (n = 35) 29 82.9 16 45.7 14 40

Gln27Glu (n = 39) 39 100 26 66.7 18 46.2

Glu27Glu (n = 26) 24 92.3 14 53.8 8 30.8

χ2 7.370 3.353 1.538

p p = 0.025 p = 0.187 p = 0.463

Table 6: Utilizations of drugs by study groups in a year prior to inclusion

Groups Gln27Gln
(n = 35)

Gln27Glu
(n = 39)

Glu27Glu
(n = 26)

p

Parameter

AB courses, n 1.37± 0.16 1.59± 0.14 2.00± 0.22 0.052

AB duration, n 10.89± 1.33 12.15± 1.18 14.19± 1.66 0.235

GCS courses, n 0.89± 0.25 1.33± 0.46 0.73± 0.15 0.398

GCS duration, n 3.60± 0.81 5.46± 1.03 3.65± 0.76 0.341

Xanthines coruses, n 0.63± 0.18 1.23± 0.57 0.42± 0.14 0.407

Xanthines duration, n 3.46± 0.95 4.41± 1.1 2.23± 0.72 0.413

Table 7: Part of the patients requiring AB, GCS and xanthines in the study groupsafter the treatment

Group Drugs

AB AB

n % n % n %

Gln27Gln (n = 35) 22 44 7 20 8 22.9

Gln27Glu (n = 39) 29 74.4 15 38.5 15 38.5

Glu27Glu (n = 26) 20 76.9 14 53.8 9 34.6

χ2 1.784 7.585 2.175

p p = 0.410 p = 0.023 p = 0.337
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Table 8: Utilizations of drugs by study groups during the study year

Groups Gln27Gln
(n = 35)

Gln27Glu
(n = 39)

Glu27Glu
(n = 26)

p

Parameter

AB courses, n 0.77± 0.12 1.03± 0.14 1.35± 0.18 0.034

AB duration, n 5.77± 1,0 6.59± 0,93 8.62± 1.25 0.124

GCS courses, n 0.23± 0.08 1.44± 1.02 0.69± 0.14 0.019

GCS duration, n 0.97±0.36 2.97± 1.08 3.38± 0.74 0.014

Xanthines coruses, n 0.29± 0.11 1.15± 0.76 0.38± 0.11 0.346

Xanthines duration, n 1.09± 0.36 2.90± 0.98 1.85± 0.57 0.250

Gln27Gln and Glu27Glu groups (p = 0.051). Groups
did not differ significantly by the number of exacer-
bations (p = 0.32), hospital admissions (p = 0.448), or
out-patient exacerbations (p = 0.243) in the year prior
to inclusions. There was also no difference in these
parameters after 1 year of treatment (Table 3).
All study groups had improved significantly in terms
of exacerbations (p < 0.001) and hospital admissions
(p < 0.001 in Gln27Gln and Gln27Glu; p = 0.004
in Glu27Glu) in the year of tiotropium/olodaterol
treatment. There was no significant improvement
in the number of out-patient exacerbations for the
Gln27Gln group (p = 0.168) or the Gln27Glu group
(p = 0.442), however, a significant improvement was
seen for the Glu27Glu group (p = 0.046).
There was no significant difference in the mMRC and
CAT values at any visit between the study groups
(Table 4). Using MANOVA method, there was a sig-
nificant improvement in mMRC and CAT values in
all groups over the course of the study (p < 0.001).
When comparing patients who required treatment
with AB, there was a significant difference between
the study groups (χ2 = 7.370; p = 0.025). Therewas no
significant difference in patients who required GCS
(χ2 = 3.353; p = 0.363) or xanthines (χ2 = 1.538; p
= 0.463) (Table 5). There was a weak negative cor-
relation between Gln copies (r = -0.258, p = 0.009),
and a weak positive correlation between Glu copies
(r = 0.258, p = 0.009), with antibiotic use. Addition-
ally, Gln copies had a weak negative correlation (r =
-0.275, p = 0.006), and Glu a weak positive correla-
tion (r = 0.275, p = 0.006), with GCS use. In regres-
sion analysis, theGln27Glu genotype increased risk of
AB use by 12.4% [OR: 12.4%; 95% CI: 1.6%–23.33%;
p = 0.025]. Therefore, the Gln27Glu genotype had an
impact on utilization of different drug groups by the
patients, with an increased risk of AB andGCS use for
Gly copy carriers.

The average number of AB courses was 1.37 ± 0.16
in the Gln27Gln group, 1.59 ± 0.14 in the Gln27Glu
group, and 2.00 ± 0.22 in the Glu27Glu group; this
difference was close to the significance threshold (p
= 0.052). There was no significant difference in the
duration of AB treatment (p = 0.235). In correlation
analysis, there was a weak negative correlation be-
tween Gln copies (r = 0.233, p = 0.02), and a weak
positive correlation between Glu copies (r = 0.233, p
= 0.02), and the number of AB courses. There was no
significant difference in the number of GCS courses
(p = 0.398) or xanthines courses (p = 0.407), as well
as GCS (p = 0.341) and xanthines (p = 0.413) treat-
ment duration (Table 6).
There was no significant improvement for patients re-
quiring AB in all study groups after treatment with
tiotropium/olodaterol. There was also no signifi-
cant improvement for patients requiring GCS in the
Gln27Gln group (χ2 = 2.331; p = 0.127). However,
these improved for both the Gln27Glu group (χ2 =
4.387; p = 0.036) and the Glu27Glu group (χ2 =
12.396; p < 0.001). There was a significant difference
between the study groups in the number of patients
using GCS at the end of the study (χ2 = 7.585; p =
0.023). In correlation analysis, each Gln copy had a
weak negative correlation (r = -0.275, p = 0.006), and
Glu copies a weak positive correlation (r = 0.275, p =
0.006), with GCS use. In the regression model, each
Glu copy increased the chances of GCS use by 15%.
All study groups had improved in terms of xanthines
use during the study (Table 7).
There was a significant difference in the number of
antibiotics courses (p = 0.034), but not AB treatment
duration (p = 0.124). In regression analysis each Glu
copy prolonged AB treatment by 1.4 days [OR: 1.4;
95% CI: -0.1–2.95; p = 0.07], at the level of a ten-
dency. There was also a significant difference in the
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number of GCS courses (p = 0.019) and GCS treat-
ment duration (p = 0.014). There was a weak neg-
ative correlation between Gln copies with the num-
ber of GCS courses (r = -0.283, p = 0.004) and GCS
treatment duration (r = -0.293, p = 0.003); and a weak
positive correlation for Glu copies and GCS treatment
duration (r = 0.241, p = 0.016). There were only ten-
dencies found in the regression analysis. Therefore,
each Glu copy increased the amount of GCS courses
by 1.835 [OR: 1.835; 95%CI: -0.33–4,0; p = 0.096] and
GCS treatment duration by 1.2 days [OR: 1.2; 95% CI:
0.0–2.45; p = 0.055]. There was no significant differ-
ence between the groups for the number of xanthines
courses (p = 0.346) and treatment duration (p = 0.25)
(Table 8).
The Gln27Gln group had significantly improved dur-
ing the study for the number of AB courses (p =
0.001) and treatment duration, GCS courses (p =
0.002) and treatment duration (p = 0.001), and xan-
thines courses (p = 0.015) and treatment duration (p
= 0.011). Gln27Glu group had significantly improved
AB course number (p = 0.001) and treatment duration
(p < 0.001) and GCS courses (p = 0.018) and treat-
ment duration (p = 0.007). There was no improve-
ment in the number of xanthines courses (p = 0.198)
and treatment duration (p = 0.07). The Glu27Glu
group showed improvement only in the use of an-
tibiotics, with significant difference in the number of
AB courses (p = 0.006) and treatment duration (p =
0.002). There was no improvement in the number of
GCS courses (p = 0.782) and treatment duration (p =
0.791), as well as xanthines courses (p = 0.782) and
treatment duration (p = 0.639).

DISCUSSION
To date, there are five known single nucleotide poly-
morphisms of the ADRB2 gene, in positions 16, 19,
27, 34, 164 [18]. Yin et al. proved that polymor-
phisms in positions 16 (rs1042713, Arg→Gly) and
27 (rs1042714, Gln→Glu) decreased the function of
ADRB218. Green et al. andMoore et al. showed a de-
crease in ADRB2 expression for the 16Arg/Gly poly-
morphism19,20. These studies indicate an important
role for genetic polymorphisms in the clinical course
of COPD.
According to Katsarou et al., prevalence of Gln27Glu
alleles in the European population is as follows:
Gln27Gln— 42.80%, Gln27Glu— 45.84%, Glu27Glu
— 11.36%21. In our study population, 35% had
Gln27Gln, 39% had Gln27Glu, and 26% Glu27Glu.
The higher prevalence of Glu27Glu alleles in COPD
patients in our study might indicate a higher risk
of COPD development in these patients, however, a

study with more samples is required to prove this as
the existing data is conflicting. Many studies state
that the prevalence of the Gln27Glu polymorphism is
higher in COPD patients, as is the risk of COPD de-
velopment22–25, while other alleles did not show this
association26–29.
In multiple studies, the Gln27Glu polymorphism did
not affect the response to beta-2 agonists17,30,31. In
our study, treatment with the tiotropium/olodaterol
was effective at reducing the number of exacerba-
tions and hospital admissions in all patients, inde-
pendent of the ADRB2 gene polymorphism, however,
we found differences in drug utilization between the
study groups. We have not identified any studies that
focused on the utilization of antibiotics and GCS in
patients with COPD and specific ADRB2 gene poly-
morphisms.
In our study, we identified that the ADRB2 gene
can be involved in protection against infection via
an unknown mechanism, with Gln showing protec-
tive properties. Also, ADRB2 could be involved in
crosstalk with other receptors at the cellular level,
leading to altered communication between them.
This could have caused the higher use of GCS in pa-
tients with Glu copies. The Gln27Gln genotype dis-
played a protective effect against both infections and
GCS use.
Data obtained in the Rotterdam study indicated that
Gln27 increased the risk of exacerbations in patients
with COPD32. Similar data was presented by Inge-
brigsten et al. who stated a higher risk of severe ex-
acerbations in patients with Gln27Gln and Gln27Glu
alleles, compared to the Glu27Glu allele33. In our
study we failed to prove any relation between exacer-
bations and ADRB2 genes, contradicting the existing
data. Overall, study results are conflicting and larger
scale studies are required to determine the relation
between ADBR2 gene polymorphisms and the clini-
cal course of COPD, as well as investigations into the
function of ADRB2 at the cellular level.

CONCLUSIONS
The ADRB2 gene is involved in the clinical progres-
sion of COPD and can increase its severity. Gln copies
correlated negatively with GOLD group D for COPD,
while Glu copies correlated positively, indicating dif-
ferent clinical severities between the study groups.
However, no difference was seen for exacerbations.
We showed that study groups utilized drugs differ-
ently, with each Gln copy associated with a smaller
need for AB, as well as reduced number of courses
and shorter treatment duration. Also, Gln copies
were associated with reduced use of GCS after the 12
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months of treatment with the LABA/LAMA combi-
nation. Treatment with the LABA/LAMA combina-
tion demonstrated a significant improvement of the
COPD course in all study groups.

ABBREVIATIONS
AB: antibiotics, ADRB2: adrenoreceptor beta 2,
CAT: COPD assessment tool, COPD: chronic ob-
structive pulmonary disease, GCS: glucocorticoids,
mMRC: modified Medical Research Council
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