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Abstract: Objective: This study was designed to determine the effects of montelukast sodium combined with
budesonide on pulmonary function, serum immunoglobulin (Ig)E levels, and eosinophil (EOS) percentage in children
comorbid with allergic rhinitis (AR) and asthma. Methods: The medical records of 114 children comorbid with AR
and asthma treated in the Guizhou Provincial People’s Hospital from February 2020 to September 2022 were col-
lected and analyzed retrospectively. Among them, 54 children treated with budesonide were assigned to a control
group, and the remaining 60 children treated with montelukast sodium combined with budesonide were assigned to
an observation group. The efficacy was compared between the two groups. Additionally, the changes in pulmonary
function, serum IgE levels, and EOS percentage were compared between the two groups before and after treatment
(one month). The adverse reactions during the treatment and the recurrence of AR within 3 months were recorded.
Logistics regression was conducted to analyze the risk factors affecting the efficacy in children. Results: The obser-
vation group showed a significantly higher overall response rate than the control group (P<0.05). After treatment,
the observation group showed significantly higher levels of forced expiratory volume in 1 second (FEV1)%, FEV1/
forced vital capacity (FVC), and peak expiratory flow (PEF) than the control group (P<0.05), and significantly lower
IgE levels and EOS percentage than the control group (P<0.05). No significant difference was found between the
two groups in terms of the total incidence of adverse reactions (P>0.05). According to the follow-up results of prog-
nosis, the observation group presented a greatly lower recurrence rate of AR within 3 months than the control group
(P<0.05). Multivariate logistics regression analysis showed that therapeutic regimen, IgE, and EOS were indepen-
dent risk factors affecting the efficacy in the patients (P<0.05). Conclusion: Montelukast sodium combined with
budesonide can substantially improve the pulmonary function in children with comorbid AR and asthma, alleviate
their symptoms of asthma and rhinitis, and lower the IgE level and EOS percentage. In addition, therapeutic regi-
men, IgE and EOS are independent risk factors affecting the efficacy in patients.
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Introduction effective treatment, bronchial asthma can trig-
ger irreversible stenosis and structural changes
of the airway, seriously compromising the qual-
ity of life and physical and mental health of the

patients [3]. Additionally, allergic rhinitis (AR) is

Bronchial asthma is one of the most frequently
diagnosed diseases of the respiratory system,
with its pathophysiological process mainly

involving eosinophils (EOSs), mast cells, T lym-
phocytes, and other cellular components that
participate in chronic airway inflammation toge-
ther [1]. Bronchial asthma mainly manifests
as reversible expiratory airflow limitation, with
recurrent symptoms such as wheezing, anhela-
tion, and chest tightness [2]. Without timely

a chronic inflammatory disease of nasal muco-
sa due to atopic exposure to allergens [4], which
often coexists with bronchial asthma. According
to data survey results, more than 70% patients
with bronchial asthma suffer different degrees
of rhinitis, while approximately 50% patients
with AR suffer allergic asthma [5].
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Conventional drug therapy is usually not effec-
tive in the treatment of comorbid AR and bron-
chial asthma. Budesonide, a glucocorticoid
drug, is often adopted for children with bron-
chial asthma, which can effectively control
cough symptoms [6, 7]. Montelukast sodium is
another drug frequently adopted for children
with bronchial asthma. As a non-hormonal
drug, it can meet the long-term treatment
needs of children, with high safety profile [8].
However, whether the combination of montelu-
kast sodium and budesonide can deliver high
efficacy and improve the pulmonary function of
children with comorbid AR and asthma still
requires further investigation.

This study was designed to determine the
effects of montelukast sodium combined with
budesonide on pulmonary function, serum IgE
levels, and EOS percentage in children with
comorbid AR and asthma, aiming at providing
reference for clinical treatment.

Methods and data
Clinical data

The medical records of 114 children with AR
and asthma treated in Guizhou Provincial
People’s Hospital from February 2020 and to
September 2022 were collected and analyzed
retrospectively. Among them, 54 children treat-
ed with budesonide were assigned to a control
group, and the remaining 60 children treated
with  montelukast sodium combined with
budesonide were assigned to an observation
group. This study was approved by the Medi-
cal Ethics Committee of Guizhou Provincial
People’s Hospital.

Inclusion and exclusion criteria

Inclusion criteria: (1) patients who met the
criteria in the Guidelines for Diagnosis and
Prevention of Bronchial Asthma in Children
(2016 Edition) [9] and were confirmed with vari-
able expiratory airflow restriction according to
the respiratory symptoms, signs and pulmo-
nary function tests; (2) patients younger than
12 years old; (3) children with detailed clinical
data; (4) children who suffered bronchial asth-
ma for the first time.

Exclusion criteria: (1) patients comorbid with
other respiratory diseases or pulmonary infec-
tion diseases; (2) patients comorbid with auto-
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immune diseases or tumors; (3) patients who
were allergic to drugs adopted in this study or
had allergic constitution.

Therapeutic regimens

Both groups received basic routine treatments
such as anti-inflammation, oxygen inhalation,
and asthma relief, and were given oxygen inha-
lation according to their blood gas results. The
control group received budesonide aerosol
inhalation therapy, namely, budesonide inhala-
tion aerosol produced by Lunan BETTER
Pharmaceutical Co., Ltd. (State Food and
Drug Administration (SFDA) approval number:
H20030987), with a dose of 1.0-2.0 mg each
time, twice a day.

The observation group was treated with addi-
tional montelukast sodium on the basis of the
treatment in the control group. Montelukast
sodium was administered through chewable
tablets (Merck Sharp & Dohme B.V., SFDA
approval number: H20181211), with a dose of
5-10 mg each time, twice a day. Both groups
received continuous treatment for one month.

Outcome measures

The efficacy was compared between the two
groups. To measure the serological indicators,
venous blood (5 ml) was extracted from each
patient before and after one month of treat-
ment, followed by determining immunoglo-
bulin (Ig)E through double antibody sandwich
enzyme-linked immunosorbent assay and EOS
percentage through hematoxylin-eosin staining
under a high magnification microscope. The
changes of pulmonary function in the two
groups were compared before and after treat-
ment. Additionally, the adverse reactions dur-
ing the treatment and the recurrence of AR
within 3 months were recorded.

Pulmonary function test

Pulmonary function indicators, including forced
vital capacity (FVC), forced expiratory volume in
1 second (FEV1) and peak expiratory flow (PEF)
were examined by a pulmonary function detec-
tor (Jaeger MasterScreen TM PAED) in the two
groups before and after treatment.

Evaluation criteria of efficacy

The symptoms including runny nose, rhinocnes-
mus, sneezing, and nasal congestion in the two
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Table 1. Baseline data

Factor Control group (n = 54) The observation group (n =60) x?value  Pvalue

Age
>6 years old 37 38 0.339 0.560
<6 years old 17 22

Sex
Male 34 30 1.940 0.164
Female 20 30

Height
>120cm 16 24 1.342 0.247
<120 cm 38 36

Weight
>20 kg 24 32 0.899 0.343
<20 kg 30 28

Family history of allergic rhinitis
Yes 19 27 1.137 0.286
No 35 33

Time of onset
Morning 27 24 1.150 0.284
Night 27 36

Hospitalization time
>12d 22 33 2.314 0.128
<12d 32 27

groups were recorded. The symptoms were
scored by 0-3 points: from normal state (O
points) to unbearable symptoms (3 points).
With the score directly proportional to the
severity of symptoms. According to the im-
provement degree of the score, the efficacy
was classified into markedly effective, effec-
tive, and ineffective. Markedly effective: the
symptom score was improved by more than
80%; Effective: the improvement of symptom
score was between 30% and 80%; Ineffective:
the improvement of symptom score was less
than 30%. Total response rate = [(humber of
cases with markedly effective response) + that
of cases of effective response]/total number of
cases x100%. The baseline data were com-
pared between the two groups, and Logistics
regression was conducted to analyze the risk
factors affecting the efficacy in children.

Statistical analyses

This study adopted SPSS 22.0 statistical soft-
ware for data processing. Measurement data
were described by mean + standard deviation,
and analyzed using t test. Counting data were
described as percentage (%), and analyzed
using x2 test. Logistics regression was conduct-
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ed to analyze the risk factors affecting the effi-
cacy in children. P<0.05 suggests a statistically
significant difference.

Results
Baseline data

The two groups were comparable in terms of
age, sex, height, weight, family history of AR,
onset time, and hospitalization time (P>0.05,
Table 1).

Comparison of clinical efficacy

The control group showed a notably lower over-
all response rate than the observation group
(P<0.05, Table 2).

Comparison of serological indexes

The IgE levels and EOS percentage in the two
groups were not greatly different before treat-
ment (P>0.05, Figure 1), whereas after treat-
ment, the IgE levels and EOS percentage in
both groups decreased significantly (P<0.05,
Figure 1), and the observation group showed
more significant decreases than the control
group (P<0.05, Figure 1).
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Table 2. Clinical efficacy evaluation

Group Markedly effective Effective Ineffective Total response rate
Control group (n = 54) 15 27 12 42 (77.78%)
Observation group (n = 60) 22 33 5 55 (91.67%)
X2 value 4.321
P value 0.037
B3 Control group These significant indicators
1 Observaiongrovp 4t sex B - were then assigned (Table
e - 5). According to multivariate
15 10 logistics regression analysis,
ns *okk o ns *kkk therapeutic regimen, IgE, and
104 _ EOS were found to be inde-
g fe L : :
3 T = T pendent risk factors affecting
) o T S 44 the efficacy in patients (P<
5] 0.05, Table 6).
0 T T ﬁ— 0 T T T Discussion
& & & & & & & &
eq}'s 60'&6\ “&" ‘\@e\& 46’\'@ ‘.@960 (‘&1"6‘\ ‘.56’\6‘ Reportedly, AR is a chronic
Qg.x& QQ@‘Q & sz@‘a PR inflammatory disease of na-

Figure 1. Change in serological indexes before and after treatment. A: Com-
parison of IgE levels before and after treatment; B: Comparison of EOS per-
centage before and after treatment. Note: IgE: Serum immunoglobulin E;
EOS: Eosinophil; nsP>0.05, **P<0.01, ***P<0.001, ****P<0.0001.

sal mucosa involving various
immunocompetent cells and
cytokines [10]. Its main symp-
toms include nasal discharge,

Changes of pulmonary function

Before treatment, the two groups were compa-
rable in terms of FEV1, FVC, and PEF (P>0.05,
Figure 2), whereas after treatment, the FEV1,
FVC, and PEF increased significantly in both
groups (P<0.05, Figure 2), with more notable
increases in the observation group than those
in the control group (P<0.05, Figure 2).

Comparison of adverse reactions and recur-
rence

There were no significant differences between
the two groups in the incidence of adverse
reactions and recurrence rate within 3 months
(P>0.05, Table 3).

Efficacy assessment

According to the clinical efficacy after treat-
ment, the children were further divided into an
effective group and an ineffective group. The
risk factors affecting the clinical efficacy in the
two groups were analyzed, and therapeutic reg-
imen, IgE, and EOS were found to be strongly
associated with the efficacy (P<0.05, Table 4).
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sneezing, nasal obstruction,
and rhinocnesmus. T lympho-
cytes play a crucial part in the development
and progression of bronchial asthma, a special
chronic airway inflammatory allergy [11]. Prior
research has revealed that T lymphocytes can
trigger the increase of airway hyperresponsive-
ness and extensive reversible airflow restric-
tion, which is one of the main causes of bron-
chial asthma [12]. The AR-induced immune
inflammatory reaction may be the main reason
for the recurrence of these two diseases.
Accordingly, actively alleviating the inflammato-
ry response, improving the immune function
of patients, and restoring the normal airway
response mechanism are the key points of
comprehensive treatment of comorbid AR and
asthma [13].

Currently, drug therapy is one of the main treat-
ment measures for comorbid AR and asthma
[14]. Therapeutic drugs are mainly classified
into control drugs and relief drugs. Control
drugs, such as glucocorticoid, long-acting 2
receptor agonist, and leukotriene regulator,
usually require long-term administration to con-
trol asthma symptoms through anti-inflamma-
tory mechanisms [15]. Relief drugs, such as
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Figure 2. Changes in pulmonary function indexes before and after treatment. A: Comparison of FEV1 before and
after treatment; B: Comparison of FVC before and after treatment; C: Comparison of PEF before and after treatment.
Note: FEV1: Forced expiratory volume in 1 second; FVC: Forced vital capacity; PEF: Peak expiratory flow; nsP>0.05;

*#%%pP<(0.0001.

Table 3. Adverse reactions

Nasal mucosa Gastrointestinal Mental
Group ; . Somnolence A . Recurrence
stimulation reaction disorder
Control group (n = 54) 3 2 1 8
Observation group (n = 60) 4 2 2 11
X2 value 0.060 0.113 0.011 0.243 0.253
P value 0.805 0.735 0.914 0.621 0.614

short-acting theophylline, quick-acting inhaled
B2 receptor agonist, and systemic hormone,
are mainly adopted to quickly relieve symptoms
of bronchospasm and asthma [16].

Budesonide, a novel glucocorticoid, is adept
at inhibiting inflammatory exudation, curtailing
airway inflammation, and profoundly relaxing
bronchi. Administered via aerosol inhalation, it
offers a convenient and rapid delivery mecha-
nism, ensuring a high local blood concentration
and excellent drug safety. This allows for swift
inflammation inhibition and bronchial dilation
[17]. Over recent years, budesonide has soli-
dified its position as a first-line treatment for
bronchial asthma across all age groups. Never-
theless, while employing such medications, it's
pivotal to meticulously monitor the application
duration and abstain from prolonged use to
avert adverse reactions like allergies and psy-
chological symptoms [18].

Montelukast sodium, a newly-introduced spe-
cific leukotriene receptor antagonist [19], works
by directly inhibiting leukotriene polypeptide
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activity through its unique receptor antago-
nism, thereby cutting down on the release of
leukotriene-mediated inflammatory agents. As
a result, it substantially enhances vascular per-
meability, mitigates bronchospasms and EOS
infiltration associated with AR, and reduces the
airway hyperresponsiveness in patients with
AR-induced bronchial asthma [20].

In our study, the observation group demonstrat-
ed a remarkably superior overall response rate
compared to the control group. Additionally,
after treatment, the observation group experi-
enced more significant decline in serum IgE lev-
els and EOS percentage, as well as more pro-
nounced elevations in FEV1, FVC, and PEF than
the control group. No significant differences
were observed between the two groups con-
cerning the incidence of adverse reactions and
the recurrence rate of AR. These findings sug-
gest that the combination of montelukast sodi-
um and budesonide offers augmented efficacy
for children with coexisting AR and asthma,
enhancing their immune and pulmonary func-
tions without amplifying the adverse reactions

Am J Transl Res 2023;15(12):6823-6831
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Table 4. Univariate analysis

Factor Effective group (n = 97) Ineffective group (n = 17) X2 value P value
Age
>6 years old 63 12 0.204 0.651
<6 years old 34 5
Sex
Male 53 11 0.595 0.440
Female 44 6
Height
>120cm 31 9 2.796 0.094
<120 cm 66 8
Weight
>20 kg 48 8 0.034 0.854
<20 kg 49 9
Family history of allergic rhinitis
Yes 39 7 0.006 0.940
No 58 10
Time of onset
Morning 44 7 0.102 0.749
Night 53 10
Hospitalization time
>12d 48 7 0.400 0.527
<12d 49 10
IgE (g/L) 8.84+3.12 6.22+3.57 2.843 0.005
EOS (%) 6.49+0.98 5.561+1.21 3.180 0.002
FEV1 (L) 2.52+0.29 2.54+0.29 0.230 0.818
FVC (L) 2.09+0.19 2.09+0.17 0.069 0.945
PEF (L/s) 4.00+£0.56 4.26+0.77 1.341 0.182

Note: IgE: Serum immunoglobulin E; EOS: Eosinophil; FEV1: Forced expiratory volume in 1 second; FVC: Forced vital capacity;

PEF: Peak expiratory flow.

Table 5. Assignment

the budesonide nasal spray

Factor Assighment

and montelukast sodium can

Therapeutic regimen Control group = 1, Observation group = 0

address various clinical symp-
toms, facilitating patient recov-

IgE (g/L) >6=1,<6=0 . .
EOS (%) >5.67 = 1 <5.67 =0 ery. In the previous study of Wei
(! 20. =1, . = .
) . ) ) et al. [21], montelukast sodium
Efficacy Ineffective = 1, Markedly effective + Effective = 0

Note: IgE: Serum immunoglobulin E; EOS: Eosinophil.

or recurrence rate of AR. This heightened effec-
tiveness is likely attributed to montelukast
sodium’s ability, as a leukotriene receptor
antagonist, to specifically obstruct human air-
way smooth muscle, macrophages, and cyste-
inyl leukotriene receptors. This action minimiz-
es biological effects, halts vascular permeabi-
lity and EOS aggregation, and diminishes immu-
noglobulin E synthesis. Consequently, it reduc-
es the functional impairment of nasal mucosa
and regulates disease progression. In synergy,
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combined with loratadine signifi-
cantly improved the clinical effi-
cacy in children with cough vari-
ant asthma, and as well as the levels of FEV1,
FEV1/FVC, PEF, TNF-a, IL-4, EOS and IgE. In
addition, another study found that montelukast
sodium combined with budesonide aerosol
effectively promoted the improvement of air-
way function, regulated the level of T lympho-
cytes, reduced inflammatory reaction, and
improved the total clinical efficacy [22]. This
suggests that the combination of montelukast
and budesonide is effective in treating children
with both AR and asthma.

Am J Transl Res 2023;15(12):6823-6831
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Table 6. Logistics regression analysis of risk factors affecting patient efficacy

Factor B Standard error Chi square value P-value OR value - 9,5% cl —
Lower limit ~ Upper limit
Therapeutic regimen  1.316 0.633 4.317 0.038 3.727 1.077 12.893
IgE (g/L) -1.841 0.716 6.612 0.01 0.159 0.039 0.645
EOS (%) -2.248 0.722 9.702 0.002  0.106 0.026 0.435
Note: IgE: Serum immunoglobulin E; EOS: Eosinophil.
At the end of the study, the risk factors affect- Address correspondence to: Changxing Cao, De-
ing the efficacy in patients were analyzed. partment of Otorhinolaryngology, Guizhou Provincial
Montelukast sodium is a specific leukotriene People’s Hospital, No. 83, Zhongshan East Road,
receptor antagonist, which can inhibit leukotri- Nanming District, Guiyang 550002, Guizhou, China.
enes-induced airway inflammation and allergic Tel: +86-15685118799; E-mail: 319468ccc@sina.
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