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ABSTRACT

Introduction: Inhaled corticosteroid (ICS) is
the most widely used and effective treatment of
asthma. However, some patients do not respond
to ICS, which might be due to various genetic
factors. Hence, understanding the genetic fac-
tors involved in the ICS response could help
physicians to individualize their treatment
decision and action plans for given patients.
This study aimed to analyze the characteristics
of corticotropin-releasing hormone receptor 1
(CRHR1) genotypes in children with asthma
and the correlation between rs242941

polymorphism of CRHR1 gene and ICS
responsiveness.
Methods: This prospective study included chil-
dren with uncontrolled asthma, assessing their
eosinophil count, IgE concentration, lung
function, and fractional concentration of nitric
oxide in exhaled breath (FENO) and performing
CRHR1 polymorphism sequencing. The level of
asthma control was assessed by asthma control
test (ACT); the responsiveness of asthma treat-
ment with ICS was evaluated by measuring the
change of ACT and forced expiratory volume in
1 s (FEV1) after treatment versus at inclusion.
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Results: In total, 107 patients were analyzed for
CRHR1 at rs242941. Among these, 86 (80.3%)
had homozygous wild-type GG, 20 (18.7%) had
heterozygous GT genotypes, and 1 (1.0%) had a
homozygous variant for TT. Children with per-
sonal and family history of atopy were more
likely to have GT and TT genotypes. The sever-
ity of asthma was similar between children with
asthma in the three groups of GG, GT, and TT
genotypes of CRHR1 at rs242941. FENO level,
total IgE concentration, and eosinophilic count
in children with asthma were not significantly
different between GG and GT genotypes. The
patient with a TT homozygous variant genotype
had a higher level of FENO. There was no cor-
relation between CRHR1 polymorphism at
rs242941 and asthma control evaluated by
asthma control test and lung function
parameters.
Conclusion: TT genotype of rs242941 in the
CRHR1 gene is not frequent. Clinical and func-
tional characteristics of children with asthma
with rs242941 polymorphism of CRHR1 gene
remain homogeneously similar. There is no
correlation between rs242941 polymorphism
and ACT or FEV1.

Keywords: Children; Asthma; CRHR1;
rs242941; FENO; ICS

Key Summary Points

Why carry out the study?

The links between clinical phenotypes,
relevant biomarkers, gene polymorphism,
and treatment responsiveness are essential
for children with asthma.

Inhaled corticosteroids are the most
widely used drugs for children with
asthma, but the inhaled corticosteroid
responsiveness varies between individuals.

There are numerous factors, including
genetic factors, related to corticosteroid
responsiveness.

What was learned from the study?

TT genotype of rs242941 in corticotropin-
releasing hormone receptor-1 gene is not
frequently seen in children with asthma.

There is no correlation between rs242941
polymorphism in corticotropin-releasing
hormone receptor-1 gene and inhaled
corticosteroid responsiveness.

INTRODUCTION

Inhaled corticosteroid (ICS) is the most effective
drug used in asthma to reduce airway inflam-
mation, improve lung function and/or asthma
symptoms, and reduce the risk of acute asthma
exacerbation; it also improves quality of life in
patients with asthma [1]. It has been recom-
mended that, to achieve the best outcomes, ICS-
containing controller treatment should be star-
ted after confirming the diagnosis of asthma
[1–3]. Treatment with ICS avoids the use of
short-acting beta-agonists (SABA) alone as the
first-line asthma treatment; however, adherence
to ICS treatment is usually poor [1]. Thus, the
poor adherence to ICS with as-needed SABA in
children with asthma who have infrequent
symptoms should be taken into serious consid-
eration [1].

However, more than 20% of patients with
asthma are classified as having difficult-to-treat
asthma and severe asthma due to different
causes [4–6]; genetic factors are among the
causes related to ICS responsiveness [7–11].
Genetic studies on corticosteroid responsive-
ness in asthma have focused on different
asthma phenotypes with more than 20 target
genes. Among these genes, corticotropin-re-
leasing hormone receptor 1 (CRHR1) is a well-
established candidate gene in which replace-
ment of G by T at rs242941 in might be asso-
ciated with a better response to ICS treatment
[12, 13].

CRHR1 gene encodes a G-protein receptor. It
plays a major role in the mechanism of stress
through the synthesis of endogenous glucocor-
ticoids and the production of catecholamines.
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CRHR1 might be involved in the response to
exogenous glucocorticoids because its rs242941
polymorphism may be associated with
improved FEV1 respiratory function after ICS
treatment [13]. However, a previous study
showed that, if the change of FEV1 used to
define the cutoff value of a change in lung
function after ICS use was less than 7.5%,
rs242941 polymorphism of the gene CRHR1 was
associated with a low improvement in FEV1

after ICS treatment [14].
Although ICSs are effective in treating

asthma, side effects of high-dose ICS are always
of concern to the patient’s family and the
physician in clinical practice. Therefore, it
remains necessary to study predictive genes
related to clinical asthma phenotype and corti-
costeroid responsiveness to help physicians
manage patients with asthma effectively.

The present study aimed to analyze CRHR1
genotypes in children with asthma and deter-
mine the relationship between rs242941 poly-
morphism of the CRHR1 gene and ICS
treatment for asthma control in children.

METHODS

Subjects

This study included children aged 6–17 years
old who were consulted and diagnosed with
asthma in the Clinical Immunology-Allergology
and Asthma Department of National Children’s
Hospital (Hanoi, Vietnam) from May 2015 to
May 2018. The parents/guardians signed con-
sent forms after they received an explanation of
the study objectives and the intent to publish
the data. Institutional review board (IRB)

Fig. 1 Flowchart of the study. FENO fractional exhaled nitric oxide
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approval was given by the Ethics Council of
National Children’s Hospital (no. 954B/
BVNTW-VNCSKTE). This study was performed
in accordance with the Helsinki Declaration of
1964 and its later amendments.

Inclusion Criteria
Children[5 years old whose asthma was
uncontrolled or who did not follow their daily
asthma treatment for at least 1 month were
included in the present study. They were
examined by spirometry, exhaled NO measure-
ments (FENO), and skin prick test (SPT). Their
parents/guardians signed the IRB-approved
consent forms.

The criteria for asthma diagnosis and asthma
control were based on Global Initiative for
Asthma (GINA) guidelines for chil-
dren[ 5 years old to diagnose asthma [15].

Exclusion Criteria
Children with asthma who met one of the fol-
lowing criteria were excluded: unable to
undergo spirometry and/or exhaled NO mea-
surement; having other chronic or acute dis-
eases in addition to asthma; acute asthma
exacerbation needing systemic corticosteroid
therapy at inclusion; lack of written consent
form from parent or guardian.

Study Design
This was a prospective study. All data on
anthropometry, allergy status, asthma severity,
blood eosinophils, total IgE concentration, skin
prick test (SPT), spirometry, and fractional
exhaled nitric oxide (FENO) were recorded for
analysis (Fig. 1). Fluticasone propionate was
used as ICS treatment for study subjects.
Patients could use SABA (albuterol) as-needed
bronchodilator. Asthma control test (ACT) was
used to assess asthma control in study subjects
(ACT\ 20 points: asthma is not controlled;

Fig. 2 GG, GT, and TT frequency in rs242941 of CRHR1. T minor allele, G major allele
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ACT 20–24 points: asthma is well controlled;
ACT 25–27 points: asthma is fully controlled).
The evaluation of ICS treatment responsiveness
was based on the modifications of ACT and
FEV1, and the level of asthma control was
evaluated according to GINA (controlled

asthma, partially controlled asthma, and
uncontrolled asthma).

Laboratory Tests
Peripheral blood analysis with eosinophil count
percentage and absolute value was performed
by automated machines (XT-4000i-SYSMEX;

Table 1 Clinical and functional characteristics of children with asthma

Characteristic Value
(n = 107)

Anthropometry

Age, years (min–max) 9.2 ± 2.6 (5.0–17.0)

Sex, male (%)/female (%) 67.3/32.7

BMI, kg/m2 17.2 ± 3.1

Atopy

Personal allergic history, % (n) 76.7 (82)

Familiar allergic history, % (n) 67.3 (72)

Asthma severity

Mild, % (n) 52.3 (56)

Moderate, % (n) 47.7 (51)

Severe, % (n) 0.0 (0)

SPT*, % 82.3 (88)

Spirometry

FVC, % predicted (L) 85.4 ± 18.2 (1.692 ± 0.598)

FEV1, % predicted (L) 80.1 ± 19.9 (1.391 ± 0.526)

FEV1/FVC, % 82.5 ± 9.0

PEF, % predicted 67.6 ± 19.3

Bronchodilator reversibility, % (n) 53.9 (58)

Biological testing

BEC, % (G/L) 6.0 ± 5.0 (606 ± 502)

IgE, UI/mL (min–max) 1089.4 (14.6–9643.0)

Exhaled NO

FENO, ppb 25.4 ± 20.1

SPT skin prick test, FVC forced vital capacity, FEV1 forced expiratory in one second, PEF peak expiratory flow, BEC blood
eosinophil count, FENO fraction of exhaled nitric oxide
*Positive with at least one allergen
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Kope, Japan). The chemical luminescence
technique was used to measure total IgE in
peripheral blood (COBASC 501; Hitachi, Japan).

Skin prick test (SPT) with standardized res-
piratory allergens (Stallergenes, London, UK)
was done for all included children with asthma.
The negative control was 0.9% saline solution,
and the positive control was 1 mg/1 mL his-
tamine solution. Respiratory allergens were
tested with Dermatophagoides pteronyssinus (Dp),
Dermatophagoides farinae (Df), Blomia tropicalis
(Blo), dog and cat hair, and cockroaches. SPT
was considered positive when the wheal size
was[ 3 mm larger than the negative control.

To assess respiratory function, spirometry
was performed with Koko (Inspire, Hertford,
UK). Bronchial reversibility was defined as an
increase in forced expiratory volume in 1 s
(FEV1) C 12% and[200 mL after 15 min of
using 200 lg salbutamol [15]. All spirometry
parameters, including forced vital capacity
(FVC), FEV1, FEV1/FVC, peak expiratory flow
(PEF), and forced expiratory flow at 25–75%
(FEF25–75), were recorded for analysis (Fig. 2).

FENO measurement was performed with
Hypair NO (Medisoft, Sorinnes, Belgium)
according to the manufacturer’s instructions.
Expiratory air flow of 50 mL/s was used as rec-
ommended for FENO and classified by the fol-
lowing levels: FENO B 20 ppb: normal;

20\ FENO B 35 ppb: increased;[35 ppb:
highly increased [16].

Genotyping of CRHR1 gene rs242941 poly-
morphism was performed at the Laboratory for
Molecular Biomedicine of the School of Medi-
cine and Pharmacy at Vietnam National
University, Hanoi, Vietnam. DNA was extracted
from white blood cells collected from the
peripheral blood of the study patients, as
described previously [17]. Polymerase chain
reaction method and DNA sequencing were
used to determine single-nucleotide polymor-
phism (SNP) rs242941 in the CRHR1 gene using
the BigDye Terminator v3.1 Cycle Sequencing
Kit onABI 3500 Series Genetic Analyzer
(Thermo Fisher Scientific, Waltham, MA, USA).
SNP alleles were identified by employing the
BioEdit Version 7.1.9 (Abbott Laboratories,
Carlbad, CA, USA) for sequence alignment and
analyses. Population allele and genotype fre-
quencies were estimated on the basis of the
Hardy–Weinberg principles [18].

Statistical Analyses

Sample size was calculated using sample size
formula for prospective study by estimating the
absolute error rate:

n ¼ Z2 1 � a
2

� �
� p 1 � pð Þ

D2
;

n is the number of asthma patients; p is the
proportion of patients not responding to med-
ication (40%, according to some studies); D:
absolute error, 0.1; Z (1 - a/2): coefficient of
confidence; a: with a probability of 95%, the
index is 1.96. The minimum sample size needed
for the present study was 93 patients.

SPSS software 22.0 (Chicago, IL, USA) was
used to analyze recorded parameters. Qualita-
tive variables are expressed in terms of numbers
and percentages. Categorical variables are pre-
sented as mean ± standard deviation (SD) or
median (min–max). Quantitative variables are
presented as mean and SD. The distribution (s-
tandard, nonstandard) of variables was assessed.
The chi-square test was used to compare two

Table 2 Frequency of genotypes and alleles of CRHR1
gene in rs242941

Frequency n %

Genotype (n = 107)

GG 86 80.3

GT 20 18.7

TT 1 1.0

Allele (n = 214)

G 192 89.7

T 22 10.3

p for Hardy–Weinberg 0.890

T minor allele, G major allele
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categorical variables. Pair comparison of mean
was performed using Mann–Whitney U test.

RESULTS

Clinical and Functional Characteristics
of Children with Asthma

This study included 107 children with asthma
aged[5 years old, with a mean age of
9.2 ± 2.6 years and a predominance of males
(67.3%; Table 1). In total, 76.7% of patients had
a personal atopic history and 67.3% had a

family atopic history (Table 1). The severity of
asthma was mild and moderate (52.3% and
47.7%, respectively). Spirometry results
demonstrated an average reduction of FEV1 at
inclusion (80.1 ± 19.9%; Table 1). The mean
level of FENO was 25.4 ± 20.1 ppb.

Frequency of Genotypes and Alleles
of CRHR1 Gene in rs242941

rs242941 polymorphism in CRHR1 of 107 chil-
dren with asthma was analyzed. Eighty-six
(80.3%) of children had homozygous wild-type
GG, 20 (18.7%) had heterozygous GT

Table 3 Phenotype asthma characteristics are classified by rs242941 in the CRHR1 gene

CRHR1
Characteristics

GG
(n = 86)

GT
(n = 20)

TT
(n = 1)

p

Gender

Male, % (n) 66.3 (57) 75.0 (15) 100.0 (1) 0.225*; 0.238**; 0.283***

Female, % (n) 33.7 (29) 25.0 (5) 0.0 (0)

BMI, kg/m2 (X� SD) 17.4 ± 3.1 16.6 ± 2.9 14.3 0.347*

Personal atopic history, % (n) 75.6 (65) 80.0 (16) 100.0 (1) 0.337*; 0.285**; 0.309***

Familial atopic history, % (n) 62.8 (54) 85.0 (17) 100.0 (1) 0.028*; 0.021**; 0.337***

Asthma severity

Mild, % (n) 51.2 (44) 60.0 (12) 0.0 (0) 0.237*; 0.154**; 0.118***

Moderate, % (n) 48.8 (42) 40.0 (8) 100.0 (1)

Asthma crisis at admission, % (n) 60.4 (52) 35.0 (7) 0.0 (0) 0.019*; 0.110**; 0.234***

Asthma treatment at inclusion

No, % (n) 53.5 (46) 30.0 (6) 100.0 (1) 0.029*; 0.176**; 0.073***

Withdrawn, % (n) 46.5 (40/86) 70.0 (14/20) 0.0 (0)

FEV1, % (X� SD) 78.6 ± 20.1 87.0 ± 18.4 0.117#

FEV1/FVC, %(X� SD) 81.7 ± 9.4 86.3 ± 6.0 0.088#

FENO, ppb (X� SD) 25.7 ± 20.4 24.2 ± 18.9 0.490#

IgE, UI/mL, median (min–max) 724.0 (14.6–9643.0) 705.4 (62.7–2726.0) 0.951#

Blood eosinophils, % (X� SD) 5.6 ± 4.9 6.9 ± 5.2 0.302#

T minor allele, G major allele, FVC forced vital capacity, FEV1 forced expiratory in 1 s, FENO fraction of exhaled nitric
oxide, BMI body mass index
*GG versus GT; **GG versus TT; ***GT versus TT; #GG versus GT and TT
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genotypes, and 1 (1%) had a homozygous vari-
ant for TT (Table 2 and Fig 2). The frequency of
alleles G and T was 89.7% and 10.3%, respec-
tively (Table 2).

Phenotype Asthma Characteristics
Classified by rs242941 in CRHR1 Gene

rs242941 in the CRHR1 gene was analyzed in
107 children with asthma, including 86 patients
for GG, 20 for GT, and 1 for TT, respectively
(Table 3). There were no gender or BMI differ-
ences across these three genotypes (p[ 0.05;
Table 3). There was no difference in the per-
centage of personal atopic history between the
three groups (GG, GT, and TT), but there were
significant differences between the three groups
regarding the percentage of family atopic his-
tory (GG versus GT and TT; Table 3). The
asthma level was not significantly different
between the three groups. However, the per-
centage of asthma crisis at admission (inclu-
sion) and self-withdrawn treatment was
significantly different between GG and GT
groups (p = 0.019 and p = 0.029; Table 3).

There were no significant differences
between the three groups for spirometry
parameters, FENO, total IgE, and blood eosino-
phil count (Table 3). Although the level of

FENO and total IgE in children with asthma
with TT genotype was higher than in the two
other groups, statistical significance could not
be achieved owing to the limited number of
study patients in the TT group (n = 1; Table 3).

ACT Scores, Asthma Control,
and Modification of FEV1 after 3 Months
Classified by rs242941—CRHR1 Genotype

The percentage of ACT scores (\20 or C 20)
and asthma control (controlled or uncon-
trolled) in each genotype group (GG, GT, and
TT) is presented in Table 4.

The percentage of ACT\ 20 was not signifi-
cant difference between GG genotype versus GT
and TT (14.5% versus 20.0% and 0%; p = 0.296
and p = 0.340, respectively; Table 4). The per-
centage of ACT C 20 also showed no significant
difference between the three genotypes
(Table 4). The percentage of controlled and
uncontrolled asthma was not significantly dif-
ferent between the GG genotype versus GT and
TT, and between the GT genotype versus TT
(Table 4).

Table 4 ACT scores, asthma control, and modification of FEV1 after 3 months in rs242941 mutant group

CRHR1
Characteristics

GG
(n = 69)

GT
(n = 15)

TT*
(n = 1)

p

ACT

\ 20 14.5 (10) 20.0 (3) 0.0 (0) 0.296*, 0.340**

0.309***C 20 85.5 (59) 80.0 (12) 100.0 (1)

Asthma control

Controlled, % (n) 84.1 (58) 86.7 (13) 100.0 (1) 0.400*, 0.331**

0.348***Uncontrolled, % (n) 15.9 (11) 13.3 (2) 0.0 (0)

DFEV1 17.3 (-38.0 to 295.0) 16.1 (-28.0 to 128.4) 0.728*

T minor allele, G major allele, FEV1 forced expiratory in 1 s
*GG versus GT
**GG versus TT
***GT versus TT
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DISCUSSION

The classification of asthma into phenotypes is
essential for managing patients with asthma
[19]. Currently, with the advances in molecular
biology in emerging countries, the study of
gene polymorphism in subjects with asthma is
crucial to expand our knowledge of asthma
pathogenesis and endotype [20, 21]. In partic-
ular, the link between clinical phenotypes, rel-
evant biomarkers, gene polymorphism, and
asthma treatment responsiveness, especially in
children with asthma, should be investigated
[22].

In the present study, we analyzed the
rs242941 polymorphism of the CRHR1 gene in
children with asthma because this gene might
be related to the corticosteroid responsiveness
in asthma. CRHR1 gene is located on the long
chromosome 17 of position q21.31 and 13-ex-
onsin structure. It encodes protein molecules of
415 amino acids: the G-protein receptors. These
G-protein receptors combine with their neu-
ropeptide pair (corticotropin-releasing hor-
mone, CRH), the primary hormone controlling
the hypothalamic–pituitary–adrenal axis for
regulating the adrenal glands’ production of
cortisol. CRHR1 might significantly influence
stress-induced endogenous glucocorticoid syn-
thesis and catecholamine production. CRHR1
gene might be also involved in exogenous glu-
cocorticoid responses, especially in the ICS
treatment of patients with asthma [13].

Analysis of rs242941 polymorphism of the
CRHR1 gene in 107 patients showed genotypic
and allele rates consistent with the
Hardy–Weinberg equilibrium (p[0.05). The
analysis of rs242941 polymorphism revealed
that 86 patients were GG homozygous and 20
patients were GT heterozygous, accounting for
80.3% and 18.7%, respectively (Table 2). In
these two genotype groups, the clinical, func-
tional, and biological parameters were not sig-
nificantly different (Table 3). The GG genotype
was more common in patients with a lower
frequency of acute asthma exacerbation than
the GT group (p\0.05; Table 3). The present
study also demonstrated only one patient with
TT mutation. This patient was a 6-year-old boy

with occasional urticaria. His level of eosino-
philia was comparable to that of the other
groups. Moreover, the level of FENO and total
IgE of these children with asthma was higher
than the mean FENO and the median total IgE
of the two other groups (47 ppb versus
22.9 ± 18.8 ppb and 885.0 UI/mL versus 705.4
UI/mL; Table 2). There was no difference in lung
function parameters at inclusion and after
3 months of treatment in children with asthma
with TT mutation compared with the two other
groups (Table 3).

Previous studies have demonstrated FEV1

improvements in adults and children with
asthma using ICS for 6–8 weeks, in both adults
(patients with TT genotype of rs242941: DFEV1

13.28 ± 3.11% in the homozygous TT versus
5.49 ± 1.40% in wild-type GG homozygous)
and children (CAMP study: DFEV1

17.80 ± 6.77% in the homozygous TT versus
7.57 ± 1.5% in wild-type homozygotes) [13].
However, other studies have shown the oppo-
site results. Firstly, Mougey et al. showed that,
after 16 weeks of ICS treatment, DFEV1

improvement in patients with the homozygous
minor allele of rs242941 was lower than in
those with the homozygous major allele, in 65
patients with asthma (LOCCS study) [23]. Sec-
ondly, Roger et al. also found that the mutant
allele at rs242941 of CRHR1 was associated with
poorly improved respiratory function [odds
ratio (OR) 1.9] and was not associated with
acute asthma (OR 0.95) during follow-up for
4 years [14]. Finally, in another study focused
on the long-term ICS response (20 years), Dijk-
stra found no association between CRHR1
polymorphisms at rs242941, rs242939, and
rs1876828 and improved respiratory function in
patients with asthma [24]. We suggest that
these results might be due to the different cri-
teria for evaluating FEV1 changes after treat-
ment with ICS and the mutant group’s follow-
up duration.

The main limitation of our study is its low
number of recruited study patients. Thus, we
found only one child with asthma who was
CRHR1 mutant homozygous with the mutant
allele at rs242941 of CRHR1. Although this
patient’s asthma was partially controlled and
had an ACT score of 21 after 3 months of
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treatment, we did not find a significant corre-
lation between CRHR1 polymorphism at
rs242941 and ACT or FEV1change. Therefore, it
is crucial to perform a long-term study with a
larger sample size to reevaluate the association
of CRHR1 polymorphism with the corticos-
teroid response.

CONCLUSION

The frequency of the TT genotype of rs242941
of the CRHR1 gene is low. The clinical and
functional characteristics of this genotype are
similar to those of other genotypes. However,
there is no significant correlation between
CRHR1 polymorphism at rs242941 and ACT
scores and improvement of FEV1. Studies with
long-term follow-up and large sample size
should be conducted to demonstrate the corre-
lation between CRHR1 gene polymorphism and
the responsiveness of asthma treatment with
ICS and asthma control.
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