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Bronchial asthma (BA) is a  serious social, epidemio-
logic and medical problem. BA is a  chronic inflamma-
tory disease of the airways, which can greatly affect pa-
tients’ quality of life and lead to hospitalization and steady 
performance impairment, if treated inadequately. In re-
cent years, BA control has decreased despite of numer-
ous clinical studies which were to improve therapeutic ap-
proach to the treatment of asthma. For example, in Europe 
in 2006–2010, asthma control reduced by 16 %, and in the 
Russian Federation for the period from 2010 to 2013 – by  
23 % [1, 2, 7].

The goal of modern guidelines for BA control and treat-
ment is to provide full asthma control, to increase patients’ 
quality of life and to insure their complete social adaptation 
by means of individual treatment adjustment with minimal 
side effects [10, 17].

There are a  number of factors, which prevent a  great 
deal of patients from aquiring asthma control: low com-
pliance with treatment, improper use of inhalers and de-
velopment of resistance to background therapy with in-
haled glucocorticosteroids (IGCs), short and long-acting 
β2-agonists (SABA and LABA), leukotriene receptor an-
tagonists. These changes can occur due to reduced expres-
sion of corresponding receptors on account of a particular 
genetic polymorphism [11, 12, 14, 16]. According to liter-
ature data, the mutations that lead to replacement of one 
of amino acids in the structure of β2-adrenergic recep-
tors (ADRB2) cause a more severe disease course, reduce 
therapeutic response and promote the processes of recep-
tor desensitization [8, 18]. The most well-studied and com-
mon polymorphism is Gln27Glu having amino-acid sub-
stitution; it causes reduction in the number of receptors 
on bronchial cell surface after interaction with β2-agonists 

and contributes to bronchial hyperreactivity (BHR). There 
were no researches conducted in Ukraine as for the associ-
ation between (rs1042714) Gln27Glu polymorphism in the 
ADRB2 gene and asthma control level.

Therefore, the aim of our research was to identify asthma 
control level with regard to Gln27Glu polymorphism in the 
ADRB2 gene.

We examined 195 patients with BA  – 129 men and 
66 women  – aged 18–70, who were undergoing hospital 
treatment in pulmonary departments at MI «Sumy Clinical 
Hospital № 1» and MI «Sumy Regional Clinical Hospital». 

Patients with bronchial asthma were divided into 3 groups 
depending on the genotypes for Gln27Glu polymorphism 
in the ADRB2 gene. Group I  included 102 patients with 
Gln27Gln (С/C) genotype; group II  – 73 individuals 
with Gln27Glu (C/G) genotype, and group III  – 20 pa-
tients with Glu27Glu (G/G) genotype. BA was diagnosed 
in accordance with the GINA guidelines (2011) and the 
Decree of the Ministry of Health of Ukraine №868 issued 
on 08 October 2013. Asthma control was assessed with 
Asthma Control Questionnaire-5 (ACQ-5). Total score was 
calculated as the mean of 5 answers: < 0.5–0.75 was for ad-
equate control; 0.75–1.5 was for partial control; > 1.5 – for 
poor control. Respiratory function was studied by means 
of a diagnostic suite «Кардіоплюс» [Kardioplius] (Ukraine) 
andthe results were evaluated according to domestic rec-
ommendations.

Gln27Glu (rs1042714) polymorphism in the ADRB2 gene 
was detected using polymerase chain reaction with subse-
quent analysis of restriction fragment length polymorphism 
by means of separation with agarose gel electrophoresis.

Statistical  analysis  was performed using 
SPSS–21 program.Significance of differences among the 
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groups was estimated by Pearson’s chi-squared test (the 
value of p<0.05 was considered statistically significant). 
The data were statistically processed using nonparametric 
statistical techniques. Forced expiratory volume in 1  sec-
ond (FEV1) and ACQ-5 results were expressed through the 
median and interquartile range (25-th and 75-th percen-
tiles). Obtained values of FEV1 and results of ACQ-5 were 
compared by means of rank analysis of variance (ANOVA) 
by Kruskal-Wallis. With this method we checked the null 
hypothesis of no difference among groups. With p>0.05, the 
null hypothesis of no difference in median values of groups 
was confirmed, that is groups did not differ. With p<0.05, 
the null hypothesis was not confirmed and, respectively, 
the alternative hypothesis was accepted stating that there 
were differences in median values of groups. In this case, 
we performed pair-wise comparison of groups using Mann-
Whitney nonparametric test.

Results
Analysis of genotypes distribution of Gln27Glu polymor-

phism in the ADRB2 gene in dependence on asthma con-
trol level is presented in Table 1.

As is evident from the Table 1, in our study we established 
significant difference in the genotype distribution depend-
ing on asthma control level by χ2 Pearson’s chi-squared 
test (р = 0.0001). We found out that the patients with con-
trolled asthma predominantly had Gln27Gln genotype, 
while those with uncontrolled asthma  – Glu27Glu geno-
type. On the other hand, with Gln27Gln genotype, con-
trolled asthma was observed in 61.8 % of carriers, partially 
controlled asthma – in 29.4 %, and uncontrolled asthma – 
in 8.8 %; the carriers of Gln27Glu genotype ˗had 4.1 %, 
89 % and 6.9 %, respectively; and the carriers of Glu27Glu 
genotype ˗had 5  %, 10 % та 85 %, respectively. Thus, the 
major allele homozygotes predominantly had controlled 
asthma, and the minor allele homozygotes were associ-
ated with uncontrolled asthma.

We performed detailed analysis of the dependence 
between FEV1 and Gln27Glu polymorphism in the 
ADRB2 gene in BA patients, and the results are presented 
in Table 2.

The resul ts  of  FEV1 values  analys is 
in BA patients with regard to Gln27Glu polymorphism 
in the ADRB2 gene demonstrated a  statistically signifi-
cant difference (р=0.001 by Kruskal-Wallis test). Thus, 
FEV1 was significantly higher in the carriers of Gln27Gln 
genotype as compared with the carriers of Glu27Glu gen-
otype (by Mann–Whitney, р1 < 0.001), and in the carriers 
of Gln27Glu genotype as compared with those of Glu27Glu 
genotype (р2 < 0.001). That is, the patients with Glu27Glu 
genotype had statistically lower values of FEV1 than the 
patients with Gln27Gln and Gln27Glu genotypes.

Analysis of ACQ-5 results with regard to Gln27Glu poly-
morphism in the ADRB2 gene in BA patients is presented 
in Table 3.

On performing analysis of BA control with regard 
to Gln27Glu polymorphism in the ADRB2 gene, a statis-
tically significant difference was observed in ACQ-5 scor-
ing (р = 0.001 by Kruskal-Wallis test). Thus, control level 

was higher (by Mann-Whitney test, р1 < 0.001) in the car-
riers of Gln27Gln genotype as compared with the carriers 
of Glu27Glu genotype, and in the carriers of Gln27Glu 
genotype as compared with those of Glu27Glu genotype 
(р2 < 0.001). That is, the patients with Glu27Glu genotype 
had statistically lower control level according to ACQ-5 than 
the patients with Gln27Gln and Gln27Glu genotypes for 
Gln27Glu polymorphism in the ADRB2 gene.

Genotype distribution of Gln27Glu polymorphism 
in the ADRB2 gene with regard to SABA usage frequency 
in BA patients is presented in Table 4. Obtained results 
demonstrate that Glu27Glu genotype carriers used SABA 

Table 1
Genotypes distribution of Gln27Glu 

polymorphism in the β2 -adrenoceptor gene 
in dependence on asthma control level

Control level

Genotypes

BA patients

Well-
controlled

Partially 
controlled

Uncontrolled

n  % n  % n  %

Gln27Gln 63
61,8

30
29,4

9
8,8

94,0 30,9 29,0

Gln27Glu 3
4,1

65
89,0

5
6,9

4,4 67,0 16,1

Glu27Glu 1
5,0

2
10,0

17
85,0

1,6 2,1 54,9

χ2 = 88,4, р = 0,0001

Table 2 
The median (interquartile range) of values 

of forced expiratory volume in 1 second in patients 
with bronchial asthma with regard to Gln27Glu 

polymorphism in the ADRB2 gene

Values
Genotypes

FEV1   %

Gln27Gln (n = 102) 74,1 (72–76,1)

Gln27Glu (n = 73) 66,2 (64,7–67,7)

Glu27Glu (n = 20) 56,9 (54,3–59,5)

Table 3 
The median (interquartile range) of ACQ-5 results 

in patients with bronchial asthma with regard 
to Gln27Glu polymorphism in the ADRB2 gene  

Values
Genotypes

ACQ-5,
points

Gln27Gln (n = 102) 0,77 (0,69–0,84)

Gln27Glu (n = 73) 1,06 (0,99–1,12)

Glu27Glu (n = 20) 1,85 (1,74–1,97)
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more often than the carriers of Gln27Gln and Gln27Glu 
genotypes for Gln27Glu polymorphism in the ADRB2 gene 
(р = 0.001 according to chi-squared test).

Discussion
Obtaining total control of bronchial asthma is the main 

goal of treatment by far. Thus, according to GINA, approx-
imately 25 %  of patients with BA still have uncontrolled 
asthma course  [10]. Literature sources provide a  plenty 
of reasons for uncontrolled asthma, including Gln27Glu 
polymorphism in the ADRB2 gene [3–6, 9, 13, 15, 19].

It is known that Gln27Glu polymorphism in the 
ADRB2 gene is associated with changes in respiratory func-
tion parameters, particularly patients-carriers of Glu27Glu 
genotype had lower FEV1 values as compared with the 
carriers of Gln27Glu genotype for Gln27Glu polymor-
phism in the ADRB2 gene  [19]. Similar results were ob-
tained in our study. It was also established that the com-
bination of Arg16Gly and Gln27Glu genotypes in the 
ADRB2 gene, in particular the Gly16Gln27 haplotype, 
was associated with lower BA morbidity (OR  =  0.65, 
95 % CI = 0.41 – 1.02, p = 0.049) and with higher values 
of FEV1, while Аrg16Glu27 haplotype was associated with 

lower values of FEV1 (OR = 0.86, 95 % CI = 0.69 – 1.07, 
p = 0.163) [4]. 

Limsuwan T. et al. (2010) stated the association of 27Gln 
allele for Gln27Glu polymorphism in the ADRB2 gene 
with higher values of FEV1 and fewer episodes of hospi-
talization in Thai population[13]. Contopoulos-Ioannidis 
D. G. et al. (2005) proved that the frequency of respiratory 
difficulty episodes in bronchial asthma subjects is higher 
in the carriers of Glu27Glu genotype as compared with 
those of Gln27Glu genotype for Gln27Glu polymorphism 
in the ADRB2 gene [6], which is consistent with our find-
ings.

Though, some studies did not reveal any association between 
BHR, course severity, respiratory function, control level and 
Gln27Glu polymorphism in the ADRB2 gene [3, 5, 9, 15].

Our data concerning the association between Gln27Glu 
polymorphism in the ADRB2 gene and bronchial obstruc-
tion intensity were confirmed by the frequency of SABA 
use and the results obtained by means of ACQ-5. Thus, 
it was stated that Glu27Glu genotype for Gln27Glu poly-
morphism in the ADRB2 gene was associated with lower 
level of asthma control and higher frequency of SABA use.

Thus, these results show that respiratory function and 
asthma control level are associated with Gln27Glu poly-
morphism in the ADRB2 gene.

Conclusions
Obtained results demonstrate that the carriers of Glu27Glu 

genotype in the ADRB2 gene more often had uncontrolled 
asthma and more intensive bronchial obstruction and used 
SABA more frequently than the carriers of Gln27Gln and 
Gln27Glu genotypes for Gln27Glu polymorphism in the 
ADRB2 gene.

Prospects for future research 
Taking into account the association between Gln27Glu 

polymorphism in the ADRB2 gene with asthma con-
trol level, it is reasonable to further study the association 
of this polymorphism with response to treatment in order 
to achieve optimization. 

Table 4 
Genotypes distribution of Gln27Glu polymorphism 

in the β2-adrenoceptor gene in dependence 
on frequency of short-acting β2-agonists usage 

BA patients

Usage 
frequencyя

Genotypes

up to 4 times 4–8 times
more than 

8 times

n  % n  % n  %

Gln27Gln 30 29,4 46 45,1 26 25,5

Gln27Glu 1 1,3 53 72,6 19 26,1

Glu27Glu 2 10 1 5 17 85

χ2 = 68,4; р = 0,001
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