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Background: Rates of asthma in Jordan have been doubled in the past decade, but this increased 

prevalence was not met with improved asthma control protocols. The aim of the present study 

was to assess whether there was any significant association between the level of asthma control 

and certain single-nucleotide polymorphisms (SNPs) in five genes: (ADRB2; rs1042713 and 

rs1042714), (CRHR1; rs1876828, rs242939, and rs242941), (STIP1; rs2236647), (ADH5, 

rs1154400), and (ARG1; rs2781659). These SNPs were selected based on their involvement in 

enzymes and receptors that are related to asthma pathways and subsequent response to medica-

tion and based on a high degree of linkage disequilibrium.

Patients and methods: A cross-sectional genetic association study was conducted from June 

2016 to June 2017 in the two major hospitals in Jordan. The present study involved sampling 

from adult asthmatic patients of Arab descent who were selected from two phenotypic groups, 

ie, controlled and uncontrolled asthma. The blood samples and medical data were collected from 

the participants. DNA samples were extracted, quantified, and genotyped according to standard 

operating procedure. Allelic and haplotypic analyses were performed using the Haploview®.

Results: A total of 245 Arab asthmatic patients were enrolled in this study. Genotyping analysis 

revealed that the two SNPs (rs1042713 and rs1042714) in ADRB2 gene, along with their related 

haplotypes, were nominally significantly associated with asthma control in the Jordanian popula-

tion. The A-allele of rs1042713 and the C-allele of rs1042714 were more common in the uncon-

trolled asthma group than in the controlled asthma group (P=0.048 and P=0.017, respectively).

Conclusion: This was the first study that identified the nominal significant association between 

the level of asthma control and genetic variants in ADRB2 gene in Arab population. Further stud-

ies in other Arab region with larger sample size are recommended to confirm the relationship.
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Introduction
Asthma is a chronic airway inflammatory disease that affects ~334 million people 

of all ages worldwide, and this number is expected to rise by another 100 million by 

2025.1,2 This increase in asthma prevalence could be influenced by identification of 

milder asthma cases.3 Asthma is not a curable disease and hence the ultimate goal of 

asthma management is to relieve symptoms, prevent the disease progression, and obtain 

a better quality of life.4 According to asthma management guidelines, there are two 

main types of asthma medication: controllers and relievers.5–7 A reliever is the rescue 

inhaler medication that contains short-acting β-2 adrenoceptor agonists (SABAs) as 

bronchodilators. On the other hand, controller medications include inhaled corticoste-
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roids, leukotriene modifiers, and long-acting β-2 adrenocep-

tor agonists (LABAs). The cost of several asthma medications 

comprise a substantial proportion of asthma expenditure and, 

despite the availability of many therapeutically-effective 

medications, poor adherence and subsequent poor asthma 

control are considered serious global health problems.8 

Uncontrolled asthmatic patients, in spite of proper asthma 

management plans, require detailed investigation rather than 

simply escalating their medications’ regimen. Not only the 

environmental and pharmacological variables that should 

be considered in asthma management but also the genetic 

makeup contributes to the disease progression and response 

to therapy.9

In the context of asthma, the identification of susceptible 

genes that are involved in asthma pathogenesis and treatment 

response is the first step towards developing personalized 

medicine.10,11 Genome-wide association studies, candidate-

gene linkage studies, and positional cloning have already dis-

covered a large number of genetic variants in multiple genes 

that have been associated with altered therapeutic response 

to asthma medications and hence affect the level of asthma 

control.5,10,11 The ADRB2 gene is one of the most widely 

studied asthma susceptible genes.12,13 It is located on the chro-

mosome 5q31-q32, and nine different polymorphisms have 

been identified.14,15 Four of the identified polymorphisms are 

non-synonymous variations that change amino acid sequence 

(Gly16Arg, Gln27Glu, Val34Met, and Thr164Ile) and have a 

potential clinical effect on the response to β-2 adrenoceptor 

agonist (B2A) therapy in asthmatic patients.13,14,16,17 It has 

been revealed that possession of the Arg allele at position 16 

enhanced ADRB2’s downregulation and hence the response 

to B2A is attenuated in asthmatic patients.17,18

The genetic variant of ADH5 gene was associated with 

increased risk of asthma and attenuated response to broncho-

dilator therapy.19 It has been reported that gene–gene interac-

tion between both the ADH5 and ADRB2 genes resulted in a 

70% reduction in response to SABA.20 Similarly, ARG1 is a 

β-agonist response gene that is reported to be significantly 

associated with response to bronchodilators and inhaled 

corticosteroids.21,22 CRHR1 is a major regulator of glucocor-

ticoid synthesis and is heavily involved in the inflammatory 

pathways.5 It is located on chromosome 17q21–22, an area 

that is linked to asthma in some genome-wide association 

studies.5,23 The CRHR1 gene was considered as a potential 

genetic predictor of pulmonary function in asthma patients 

treated with corticosteroids.23 Likewise, the STIP1 gene is 

part of the steroid pathway and is composed of 14 exons.24 It 

has been reported that STIP1 variations might play a role in 

predicting asthma susceptibility and corticosteroid’s response 

in patients with reduced lung function.24–26

In Jordan, the prevalence of asthma has been doubled 

in the last decade, but optimal asthma control has not been 

achieved.27,28 The present study aimed to investigate the asso-

ciation between the level of asthma control and the incidence 

of certain genetic variants using a candidate gene approach. 

Eight single-nucleotide polymorphisms (SNPs) in five can-

didate genes (ADRB2 [rs1042713 and rs1042714], CRHR1 

[rs1876828, rs242939, and rs242941], STIP1 [rs2236647], 

ADH5 [rs1154400], and ARG1 [rs2781659]) and their com-

mon haplotypes were investigated in the Arab-Jordanian 

ethnic group. This was the first study that examined the 

relationship between the level of asthma control and these 

polymorphisms of interest in a unique, carefully phenotyped 

Jordanian population of Arab descent. Up to the authors’ 

knowledge, no similar study was conducted in the Middle-

Eastern region.

Patients and methods
Study design
A cross-sectional study was conducted from June 2016 to 

June 2017 in two major hospitals in North Jordan: King 

Abdullah University Hospital and Princess Basma Teaching 

Hospital. The present study used a candidate gene approach 

and involved adult asthmatic patients who were selected from 

two major phenotypic groups, ie, controlled and uncontrolled 

asthma. The level of asthma control was classified accord-

ing to asthma control test (ACT), a well-known validated 

questionnaire, as controlled (score of ≥20) or uncontrolled 

(score of <20).29 The ethical approval for the current study 

was granted from both human ethics committees at Jordan 

University of Science and Technology and the Ministry of 

Health. The study was conducted in accordance with the 

Declaration of Helsinki.

Patient recruitment
All adult patients visiting outpatient clinics during the study 

period were invited to participate in the study. Participants 

were eligible for inclusion in the study if they were of Arab 

descent and fulfilled the following inclusion criteria: con-

firmed clinical asthma diagnosis by a physician, managed 

by a pulmonology specialist for at least 6 months with good 

clinic attendance records, and adherent to the prescribed 

medications based on a self-reported medication adherence 

scale.30 In addition, patients should possess the knowledge 

of proper inhaler device usage. Written informed consent 

was obtained from all participants. Patients were excluded if 
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they were suffering from any other respiratory illnesses such 

as chronic obstructive pulmonary disease, cystic fibrosis, or 

bronchiectasis. In addition, newly diagnosed patients with 

asthma, current smokers or former smokers with ≥25 pack-

year history of smoking, immunocompromised, or pregnant 

were excluded from the study. Around 3 mL of blood was 

withdrawn into EDTA tubes from each patient by a specialist 

nurse and stored at −20°C until analysis. Patients’ data were 

collected from both the patients themselves and their hospital 

records. Unscheduled medical intervention was defined as 

any hospital admission, emergency department visit, or oral 

rescue steroid therapy in the previous 12 months.

SNP selection and analysis
In this study, eight SNPs in five genes (two SNPs in ADRB2, 

one SNP in ADH5, one SNP in ARG1, three SNPs in CRHR1, 

and one SNP in STIP1) were investigated for their associa-

tions with asthma control in patients of Arab descent. These 

SNPs were selected from the National Center for Biotechnol-

ogy Information’s database.31 The list of genes as well as their 

SNPs, reference numbers, and chromosomal positions are 

summarized in Table 1. These SNPs were selected based on 

their involvement in enzymes and receptors that are related to 

asthma pathogenesis and subsequent response to medication 

and based on the high degree of linkage disequilibrium (such 

as the two SNPs in ADRB2 and the three SNPs in CRHR1). 

Previous studies revealed the association of these SNPs with 

asthma phenotypes such as bronchodilator response and 

variable response to asthma medications among different 

ethnic groups.32,33

The Wizard® Genomic DNA Purification Kit (Promega 

Corporation, Fitchburg, WI, USA) was used to extract 

the DNA according to the standard operating procedure. 

Afterwards, DNA was quantified to determine its purity and 

concentration using the NanoDrop® 1000 spectrophotometer 

(Thermo Fisher Scientific, Waltham, MA, USA). As quality 

control for sample analysis, both blanks and blind duplicate 

samples per genotyping plate were applied. All samples 

were sent for genotyping analysis by the Australian Genome 

Research Facility (Melbourne, VIC Australia) using the 

Sequenom MassARRAY system (iPLEX Gold; Sequenom, 

San Diego, CA, USA).

Statistical analysis
Demographic and genotypic analyses were performed using 

the Statistical Package for Social Sciences, version 20 (IBM 

Corporation, Armonk, NY, USA). The differences in par-

ticipant responses were analyzed using the chi-squared test, 

fisher’s exact test, or the independent t-test as appropriate. 

Deviations from the Hardy–Weinberg Equilibrium (HWE) for 

all genetic variants were tested using a chi-square goodness of 

fit test. Allelic and haplotypic analyses were performed using 

the Haploview® program (version 4.2). Permutation correc-

tion (n=1,000) for adjustment of multiple testing for both 

single-marker analysis and haplotype blocks was conducted 

in Haploview®. For markers that showed significant asso-

ciation with a single marker level, appropriate codominant 

genetic model for genotypic analysis was considered. OR and 

95% CI adjusted for age and gender were calculated using 

binary logistic regression. A P-value <0.05 was considered 

significant for all two-tailed tests in the study.

Results
Demographic and clinical data
A total of 245 Jordanian Arab asthmatic patients were 

enrolled in the current study. Of the recruited patients, 74 

(30%) participants had controlled asthma and 171 (70%) 

participants had uncontrolled asthma. About three-quarters 

of the participants in both groups were females, and the 

mean age was around 30 years. The majority of participants 

had never smoked and a third of patients in both groups had 

comorbid diseases. In addition, both groups had comparable 

Table 1 Candidate genes and their associated SNPs

Gene SNP_ID Major/minor Chromosome # SNP location SNP type

ADRB2 rs1042713 G/A 5 Exon 1 Gly16Arg
rs1042714 C/G 5 Exon 1 Gln27Glu

ADH5 rs1154400 T/C 4 Promoter Synonymous
ARG1 rs2781659 A/G 6 Promoter Synonymous
CRHR1 rs1876828 G/A 17 Intron 14 Synonymous

rs242939 A/G 17 Intron 4 Synonymous
rs242941 G/T 17 Intron 3 Synonymous

STIP1 rs2236647 T/C 11 Intron 5 Synonymous

Abbreviation: SNP, single-nucleotide polymorphism.
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body mass index, level of asthma severity, personal history 

of hay fever/eczema, and family history of asthma. Further, 

73.7% of the uncontrolled asthma group had at least one 

unscheduled medical intervention in the last 12 months 

compared to 44% of the controlled asthma group (P<0.001). 

Table 2 outlines the demographic and clinical data of the 

participants.

Genotypic and allelic frequencies
In this study, eight SNPs in five genes were investigated. 

All genetic markers had a 100% genotyping accuracy and a 

96.53% successful call rate. All studied SNPs were in HWE 

(P>0.05) in both the patient and control groups except for 

the rs2236647 SNP (T/C) in the STIP1 gene and hence it was 

excluded from the analysis (Table 3).

Table 2 Demographic and clinical data of the participants

Characteristicsa Controlled asthma (n=74) Uncontrolled asthma (n=171) P-value

Age at evaluation (years)b 28.73±16.69 30.91±16.34 0.655
Gender

Male
Female

17 (23)
57 (77)

45 (26.3)
126 (73.7)

0.581

Smoking
Never
Ex-smoker

71 (95.9)
3 (4.1)

164 (95.9)
7 (4.1)

1.00

Level of education
Basic education
University degree

43 (58.1)
31 (41.9)

106 (62)
65 (38)

0.568

Personal history of hay fever/eczema 24 (32.4) 56 (32.7) 0.961
Family history of asthma 31 (41.9) 67 (39.2) 0.691
Body mass indexb 29.36±5.3 29.48±6.75 0.190
Comorbid disease 24 (32.4) 65 (38) 0.404
Unscheduled medical intervention 33 (44.6) 126 (73.7) <0.001
Asthma severity, GINA 2017

Mild/moderate (step1–3)
Severe (step 4–5)

27 (36.5)
47 (63.5)

56 (32.7)
115 (67.3)

0.570

Notes: aAll data expressed as n (%) unless otherwise indicated. bData described as mean ± SD.
Abbreviation: GINA, Global Initiative for Asthma.

Table 3 MAFs and HWE of the included genetic markers

Gene SNP_ID Controlled asthma Uncontrolled asthma

MAF P-value MAF P-value

ADRB2 rs1042713 G/A 0.270 0.73 0.362 0.52
rs1042714 C/G 0.354 0.31 0.247 0.96

ADH5 rs1154400 T/C 0.326 0.37 0.247 0.96
ARG1 rs2781659 A/G 0.425 0.58 0.404 0.14
CRHR1 rs1876828 G/A 0.212 0.23 0.213 0.47

rs242939 A/G 0.110 0.88 0.135 0.06
rs242941 G/T 0.356 0.52 0.357 0.23

STIP1 rs2236647 C/T 0.319 0.01 0.411 0.29

Abbreviations: HWE, Hardy–Weinberg Equilibrium; MAF, minor allele frequency; SNP, single-nucleotide polymorphism.

Genetic association between 
polymorphism of interest and asthma 
control
The association between the polymorphisms of interest and 

the level of asthma control was examined in the two groups: 

controlled and uncontrolled groups. The allelic frequencies 

(counts) and genotype distributions of all variants in the can-

didate genes in both study groups are shown in Table 4. The 

results of allelic analysis indicated no significant association 

between the polymorphisms of interest and asthma control. 

Only two SNPs (rs1042713 G/A and rs1042714 C/G) in the 

ADRB2 gene showed nominal significant association with 

the risk of uncontrolled asthma (ie, P-value was significant 

before correcting for multiple testing). The A-allele of 

rs1042713 and C-allele of rs1042714 were more common 
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in the uncontrolled asthma group than in the controlled 

asthma group (P=0.048 and P=0.017, respectively). Geno-

typic analysis using the codominant model for rs1042714 

revealed that the risk of having uncontrolled asthma was 

higher in homozygous (CC) patients (OR =3.93; 95% CI: 

1.46–10.58; P=0.007) compared to those who were homo-

zygous for the G-allele.

Linkage disequilibrium and haplotype 
analysis
Haplotypic analysis was conducted for SNPs that formed a 

haplotype block in the groups of uncontrolled vs controlled 

asthma patients. Haplotype association showed strong linkage 

disequilibrium (D′=1) between five SNPs in two genes that 

constructed two blocks as shown in Table 5 and Figure 1. The 

first block was formed between three selected polymorphisms 

of CRHR1 in chromosome 17 (rs1876828 G/A, rs242939 

A/G, and rs242941 G/T), while the second block was formed 

between two polymorphisms of ADRB2 in chromosome 5 

(rs1042713 G/A and rs1042714 C/G). The GG haplotype in 

the second block of ADRB2 showed a nominally significant 

association with uncontrolled asthma (P=0.021). In addition, 

the AC haplotype in ADRB2 showed a trend toward significant 

nominal association (P=0.055).

Table 4 Genotypic distributions and allelic associations of the studied SNPs with asthma control

Gene SNP_ID Genotype distribution and analysis Allelic distribution and analysis

Genotype Controlled  
asthma,  
n (%)

Uncontrolled  
asthma,  
n (%)

P-value Allele Controlled  
asthma,  
n (%)

Uncontrolled  
asthma,  
n (%)

P-value Adjusted
P-value

ADRB2 rs1042713 AA
AG
GG

6 (8.1)
28 (37.8)
40 (54.1)

20 (12)
81 (48.5)
66 (39.5)

0.107 A
G

40 (27)
108 (73)

121 (36.2)
213 (63.8)

0.048 NS

rs1042714 GG
GC
CC

11 (15.3)
29 (40.3)
32 (44.4)

10 (6)
62 (37.4)
94 (56.6)

0.041 G
C

51 (35.4)
93 (64.6)

82 (24.7)
250 (75.3)

0.017 NS

ADH5 rs1154400 CC
CT
TT

6 (8.3)
35 (48.6)
31 (43.1)

16 (9.7)
71 (43)
78 (47.3)

0.725 C
T

47 (32.6)
97 (67.4)

103 (31.2)
227 (68.8)

0.759 NS

ARG1 rs2781659 GG
GA
AA

12 (16.4)
38 (52.1)
23 (31.5)

22 (13.6)
87 (53.7)
53 (32.7)

0.847 G
A

62 (42.5)
84 (57.5)

131 (40.4)
193 (59.6)

0.678 NS

CRHR1 rs1876828 AA
AG
GG

5 (6.8)
21 (28.8)
47 (64.4)

6 (3.6)
59 (35.3)
102 (61.1)

0.361 A
G

31 (21.2)
115 (78.8)

71 (21.3)
263 (78.7)

0.995 NS

rs242939 GG
GA
AA

1 (1.4)
14 (19.2)
58 (79.4)

6 (3.5)
34 (19.9)
131 (76.6)

0.833 G
A

16 (11)
130 (89)

46 (13.4)
296 (86.6)

0.449 NS

rs242941 TT
TG
GG

8 (11)
36 (49.3)
29 (39.7)

25 (14.9)
70 (41.7)
73 (43.4)

0.493 T
G

52 (35.6)
94 (64.4)

120 (35.7)
216 (64.3)

0.983 NS

Abbreviations: SNP, single-nucleotide polymorphism; NS, not significant.

Discussion
In the present study, analysis of eight genetic markers in 

five candidate genes (ADRB2, CRHR1, ARG1, ADH5, and 

STIP1) was carried out in order to investigate their associa-

tion with uncontrolled asthma in Jordanian Arab population. 

Due to their immediate onset of action, inhaled SABAs are 

commonly used agents to induce bronchodilation during 

asthma exacerbations. On the other hand, LABAs are usually 

Table 5 Association between the formed haplotypes and 
uncontrolled asthma

Haplotype Frequency  
of block

Frequency  
ratio, %  
(case:control)

P-value Adjusted,  
P-value

Block 1: CRHR1 in chromosome 17 (rs1876828 G/A, rs242939 A/G, 
and rs242941 G/T)

GAG 0.43 42.6:63.6 0.84 NS
TAG 0.23 22.6:24.4 0.67 NS
GAA 0.21 21.3:21.2 0.98 NS
TGG 0.12 13.1:10.7 0.46 NS

Block 2: ADRB2 in chromosome 5 (rs1042713 G/A and rs1042714 
C/G)

GC 0.39 39.2:37.9 0.79 NS
AC 0.33 35.9:27.0 0.055 NS
GG 0.28 24.8:35.0 0.021 NS

Abbreviation: NS, not significant.
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prescribed to maintain the bronchodilation as an add-on 

therapy to inhaled corticosteroids, in poorly controlled asth-

matic patients. However, some patients do not show benefit 

from using B2A which might lead to further excessive use 

of SABA inhalers. Their symptoms might deteriorate when 

they receive such agents,34 and excessive use of SABAs was 

found to be associated with a noticeably increased risk of 

asthma related deaths.35 Genetic polymorphisms that could 

affect pharmacological responses to B2A therapies has been 

recognized which might lead to future new targeted treat-

ments and help in recognizing uncontrolled-asthma cases.

The Arg16Gly (rs1042713 G/A) polymorphism received 

the most attention in various clinical studies in relation to 

its association with poor clinical response to SABAs and 

LABAs. Both retrospective and prospective data suggested 

that asthmatic patients who were homozygous for Arg16 

might not benefit from regular or as-required administra-

tion of SABAs.36,37 Also, research on LABAs demonstrated 

that patients who were homozygous for Arg16 had more 

asthma exacerbations36,38 and lower bronchodilator response39 

compared to other genotypes at position 16. It has been pro-

posed that genetic variations in the β-2 adrenergic receptors 

enhanced receptors’ downregulation and, hence, impaired 

receptors coupling.16,38 Therefore, attenuated response to 

SABAs and LABAs is expected.16,38 Examining Gln27Glu 

(rs1042714 C/G) resulted in inconsistent findings with regard 

to bronchodilator response and lung function.38,40 However, 

other studies reported no association between these markers 

and bronchodilator response,41 lung function,42 or difficult 

asthma.43 The association of asthma control (based on ACT 

questionnaire) with rs1042713 G/A and rs1042714 C/G in 

ADRB2 was not investigated before. In the current study, 

nominal associations were identified between these two 

Figure 1 Genetic haplotype blocks: linkage disequilibrium plot of genotyped 
polymorphisms in CRHR1 (block 1) and ADRB2 (block 2). Boxes without numbers 
have D′=1.
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SNPs in ADRB2 and uncontrolled asthma. The Arg allele of 

rs1042713 and the Gln allele of rs1042714 in ADRB2 were 

more common in the uncontrolled asthma group than in the 

controlled asthma group. Similar findings were detected 

in the Spanish population where Arg allele of ADRB2 was 

linked with an increased risk of having uncontrolled asthma 

and a reduction in lung function.18 Further, a sub-analysis was 

conducted to evaluate the potential effect of all studies on 

SNPs among patients who used small/medium dose of ste-

roid (n=122) vs those who used high dose of steroid (n=102) 

according to Global Initiative for Asthma 2017.4 The results 

indicated that the rs1042713 C/G SNP in the ADRB2 gene 

showed nominal significant associations (P=0.019) with the 

risk of uncontrolled asthma.

Two non-synonymous SNPs in the ADRB2 gene were 

not examined for their associations with the asthma control 

phenotype in the current study. These SNPs were rs1141370 

SNP (Val34Met) that was not polymorphic and rs1800888 

SNP (Thr164Ile) that was found rare in asthmatic patients in 

Jordan.25 Moreover, these SNPs were rare in the Caucasian 

population33 and rs1800888 was not detected in an Omani 

cohort of Arab descent.44 Previous studies reported the asso-

ciation of other SNPs that were involved in the regulation 

and signaling of the ADRB2 such as rs1154400 in ADH5 and 

rs2781659 in ARG1 with the bronchodilator response phe-

notype.19,21 In the current study, however, neither the allelic 

nor the genetic analysis showed any significant association of 

these ADRB2 SNPs with the level of asthma control among 

the Jordanian Arab population.

Inhaled corticosteroids are considered the mainstay 

agents in the treatment of asthma. In the present study, no 

association was identified between the three studied SNPs in 

CRHR1 (rs1876828 G/A, rs242939 A/G, and rs242941 G/T) 

and the asthma control phenotype. This finding is in agree-

ment with Dijkstra et al who showed no association between 

the CRHR1 polymorphisms and improvement in lung 

function in response to inhaled corticosteroids therapy.45 In 

contrast, Tantisira et al reported that the two SNPs (rs242941 

and rs1876828) and the common GAT haplotype were linked 

with significant improvement in lung function.23 However, in 

the aforementioned study, the 131 SNPs were tested without 

proper correction for multiple comparisons, which had the 

potential to generate false positive associations.23 Leukotriene 

modifiers are the third class of medications that are used 

for asthma. These agents attenuate asthma inflammation by 

inhibiting the action of cysteinyl leukotrienes that are one of 

the main mediators in asthma inflammation. In the present 

study, the SNPs that are involved in receptors and enzymes of 
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the cysteinyl leukotriene pathway were not examined as only 

nine patients were using leukotriene modifiers. This could be 

due to insurance and financial restraints which could limit 

the number of patients who were placed on these agents. 

Future studies with a larger number of asthmatic patients 

who are using this class of medication would highlight any 

relationship between the leukotriene pathway and the level 

of asthma control.

The inconsistent findings in the association level in the 

current study and the previous ones could be explained by 

the differences in the study design, ethnicity, and number 

of participants. Further, there are other factors that could 

explain the aforementioned variations: 1) specific population 

gene–environment and gene–gene interactions; 2) differences 

in selected asthma phenotypes and genotypes in addition to 

the different patterns of linkage disequilibrium across various 

ethnic groups; and 3) adjustment for multiple testing. It is 

worth mentioning that the studied SNPs in the current study 

were corrected for multiple testing to examine genetic asso-

ciations by performing a permutation analysis on all data sets.

There are few limitations in the current study. Firstly, the 

limited number of recruited patients in the controlled asthma 

group restricted the ability to detect significant differences 

in the outcome of interest. Secondly, replication was not 

performed for the cohort, but the results could be considered 

as exploratory findings, stressing on the importance of rep-

lication in a larger Arab population of the same phenotype. 

Finally, other objective methods (lung function test) were not 

incorporated with the subjective methods (questionnaire) for 

assessing asthma control due to limited resources. However, 

in the study, well defined groups based on the presence or 

absence of asthma control were included. This was confirmed 

furthermore by unscheduled medical intervention which 

was significantly higher among uncontrolled asthma group 

compared to control group. Moreover, ACT is a simple and 

easy to use tool that can be used in low income and limited 

health care resources and providers such as Jordan.28

Conclusion
The present study examined, for the first time, the association 

between different genetic markers and level of asthma control 

in a genetically isolated adult population of Arab descent. 

Two SNPs in the ADRB2 (rs1042713 and rs1042714) gene 

and their related haplotype that were nominally significantly 

associated with level of asthma control were identified in 

Jordanian Arab asthmatic patients. At the current stage, 

additional large-scale studies that recruit participants from 

different Arab populations in the Middle Eastern region are 

needed to confirm these associations. Finally, future studies 

should focus on functional effects and the potential clinical 

implications of these SNPs to help identify individuals at risk 

of uncontrolled asthma despite proper management.
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