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Abstract: Objective: To analyze the clinical efficacy of montelukast sodium combined with budesonide on the pulmo-
nary function of children with asthma. Methods: A prospective study was carried out on 100 children with asthma 
who were randomly divided into a control group (50 cases) and an experimental group (50 cases). The control group 
received budesonide, and the experimental group was given montelukast sodium and budesonide. We compared 
the two groups’ clinical efficacy, their post-treatment clinical symptom scores, their adverse reactions, and their 
pulmonary function indices (forced expiratory volume in one second (FEV1), peak expiratory flow (PEF), and the 
percentage of FEV1/forced vital capacity (FEV1/FVC)). Results: After the treatment, the FEV1, PEF, and FEV1/FVC as 
well as the total effective rate in the experimental group were significantly higher than they were in the control group 
(all P<0.05). After the treatment, the daytime asthma control and the nighttime asthma control scores of the experi-
mental group were significantly lower than they were in the control group (P<0.05). Though the incidence of adverse 
reactions in the experimental group was lower than it was in the control group, the difference was not statistically 
significant (P>0.05). In the one-year follow-up, the recurrence rate in the experimental group was significantly lower 
than it was in the control group. Conclusion: In children, the combination of montelukast sodium and budesonide 
can effectively improve the patients’ pulmonary function indices, relieve their asthma symptoms, lower their inci-
dence of adverse reactions, and reduce the recurrence rate.
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Introduction

Asthma is a complex chronic respiratory inflam-
matory disease [1]. Patients often suffer from 
the paroxysmal repeated attacks of airway ob- 
struction, airway inflammation, hyperrespon-
siveness, and mucus hypersecretion [2], which 
induce coughing, gasping, chest distress, dys-
pnea, and other symptoms [3]. In the past de- 
cades, asthma has become one of the main 
factors affecting the life and health of children 
[4] as its incidence and hospitalization rate 
have been on the rise for years [5]. Without 
effective control, asthma may lead to a series 
of symptoms in children, such as growth retar-
dation, nighttime gasping, and sleep depriva-
tion, lower their quality of life, and cause eco-
nomic burdens on their families [6, 7].

Infantile asthma can be managed with proper 
drug treatment, education for patients and 

their families, and environmental control [8]. 
Inhaled corticosteroids are the most common 
drugs used in the first-line treatment of infantile 
asthma [9-14]. Budesonide, a glucocorticoid, 
has extensive anti-inflammatory effects [15]. It 
is capable of controlling infantile asthma, but 
the inhibitory effect against leukotriene, which 
is the pathogenic factor of airway inflammatory 
reactions [16], is not significant. In addition, 
budesonide also has certain limitations, as the 
long-term use of the drug may cause side 
effects [17].

Montelukast sodium is a cysteinyl leukotriene 
receptor antagonist that can effectively inhibit 
the synthesis of leukotriene, alleviate inflam-
matory reactions [18], and serve as an adju-
vant or alternative therapy in glucocorticoid 
drug treatment [19]. Studies have shown that 
montelukast sodium can relieve symptoms and 
improve pulmonary function [20]. Though many 
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studies have explored the possibility of treating 
asthma with the combined treatment of monte-
lukast sodium and budesonide, the effects of 
such treatment on pulmonary function in infan-
tile asthma still needs more data. Therefore, 
this study enrolled 100 children with asthma to 
investigate the efficacy of such a combined 
treatment on the pulmonary function of chil-
dren with asthma.

Methods

General information

This prospective analysis recruited 100 chil-
dren with asthma who were admitted to the 
West China Second University Hospital, Key 
Laboratory of Birth Defects and Related Dise- 
ases of Women and Children of the Ministry  
of Education between January 2018 and July 
2019. These children were randomly divided 
into the experimental group and the control 
group. We obtained the informed consent of 
the parents of these children, and the study 
was approved by the Ethics Committee of  
West China Second University Hospital, Key 
Laboratory of Birth Defects and Related Dise- 
ases of Women and Children of the Ministry of 
Education. See the flow chart of this study in 
Figure 1.

Inclusion and exclusion criteria

Inclusion criteria: Only subjects meeting all of 
the following criteria were enrolled: patients 

meeting with the diagnostic standards of the 
Guidelines on the Diagnosis and Prevention of 
Bronchial Asthma in Children (2016) estab-
lished by the editorial board of the Chinese 
Journal of Pediatrics under the Subspecialty 
Group of Respiratory Diseases, the Society of 
Pediatrics, Chinese Medical Association [21]; 
patients with symptoms such as dyspnea, cou- 
gh, and gasping, and clinically diagnosed with 
asthma; patients whose parents signed the 
informed consent form; patients who did not 
use any other drugs in the three months before 
their enrollment in the study.

Exclusion criteria: Children with any of the fol-
lowing conditions were excluded: patients with 
hepatic, renal, or cardiac dysfunctions; patients 
with acute respiratory infections; patients with 
acute exacerbation of asthma or combined re- 
spiratory failure; patients with a history of drug 
allergies.

Methods

Children in the control group were prescribed 
the inhalation of budesonide aerosol (20 mg/ 
100 sprays, 200 μg/spout; manufactured by 
Shanghai Sine Pharmaceutical Laboratories 
Co., Ltd.) at the dose of one spray/time, bid. 
Those in the experimental group were treated 
with both budesonide aerosol and montelukast 
sodium chewable tablets (5 mg/tablet, manu-
factured by Lunan Beite Pharmaceutical Co., 
Ltd.). Montelukast sodium chewable tablets 
was administered orally at the dose of one tab-

Figure 1. Flow chart of this study.
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let/time. All the children received three-month 
treatment, and they were not allowed to take 
any other adjuvant drugs, and they all were fol-
lowed up for one year.

Observation indices

Pulmonary function: A spirometer (model: SP-1, 
Schiller AG) was used to compare the pulmo-
nary function changes of the two groups of chil-
dren before and after the treatment [22]. In- 
dices: forced expiratory volume in one second 
(FEV1); forced vital capacity (FVC); percentage 
of FEV1 in forced vital capacity (FEV1/FVC); peak 
expiratory flow (PEF).

Efficacy: Markedly effective: cough, pulmonary 
wheeze, dyspnea, and other clinical symptoms 
nearly disappeared with an increase of FEV1 
over 35% after the treatment; Effective: the 
clinical symptoms were relieved to some extent 
with a 25%-35% increase in FEV1 after the 
treatment; Ineffective: the symptoms showed 
no relief, and there was no improvement in  
the pulmonary function indices, or the condi-
tion of the disease was aggravated. Total ef- 
fective rate % = (number of markedly effective 
cases + number of effective cases)/total cases 
number * 100 [21].

eir mouths after taking the drug, and the ad- 
verse reactions were observed after the drug’s 
reduction and withdrawal. In severe cases, the 
child was immediately sent to a hospital. The 
incidence of an adverse reaction % = number of 
cases with adverse reactions/total cases num-
ber * 100.

Recurrence rate after withdrawal: After the 
withdrawal, a one-year follow-up was perform- 
ed to observe the recurrence rate [24]. The 
recurrence rate % = number of recurrent cas- 
es/total cases number ×100; non-recurrence 
rate % = number of non-recurrent cases/total 
cases number ×100.

Statistical methods

SPSS 22.0 statistical software (IBM, USA) was 
adopted for the data processing. The measure-
ment data were expressed in the form of (

_
x  ± 

sd), and the comparisons between two groups 
used independent sample t-tests, while the 
intra-group comparisons used paired t-tests. 
The enumeration data were expressed as case 
number/percentage (n/%), and the compari-
sons between two groups used χ2 tests. P< 
0.05 indicates that a difference is statistically 
significant.

Table 1. General information

Related factors Experimental 
group

Control 
group t/χ2 P

Age 0.043 0.836
    <7 32 31
    ≥7 18 19
Gender 0.049 0.826
    Male 35 36
    Female 15 14
Severity of asthma 0.544 0.762
    Mild 23 25
    Moderate 15 16
    Severe 12 9
Average course of the disease (years) 2.6±0.5 2.5±0.5 0.381 0.674
History of smoking 0.060 0.806
    Yes 10 11
    No 40 39
History of medication 0.198 0.656
    Yes 15 13
    No 35 37
History of asthma in parents 0.078 0.799
    Yes 7 8
    No 43 42

Asthma control scores dur-
ing the daytime and night-
time: The daytime asthma 
control scores were calcu-
lated using a scale of 0-3 
according to the number of 
occurrences of gasping, dy- 
spnea, chest distress, and 
other symptoms; a higher 
score indicates a more se- 
vere disease condition. The 
nighttime asthma control 
scores were calculated us- 
ing a scale of 0-4 accord- 
ing to the number of occur-
rences of nighttime chok-
ing during sleep and early 
awakening [23].

Adverse reactions: Oral ca- 
ndidiasis, hoarseness, scra- 
tchy sore throat, growth re- 
tardation, and adrenal sup-
pression in children are de- 
fined as adverse reactions. 
In such cases, the children 
were asked to rinse out th- 
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Results

The comparison of the two groups’ general 
information

Table 1 provides a comparison of the two gr- 
oups’ general information. The experimental 

Children treated with combination therapy 
showed better clinical efficacy

The total effective rate of the control group 
(78.00%) was significantly lower than the rate 
of the experimental group (96.00%, P = 0.007). 
See the details in Table 3.

Table 2. Comparison of the pulmonary function indices in the 
two groups before and after the treatment

Group Experimental 
group Control group t P

FEV1 (L)
    Before treatment 0.59±0.11 0.60±0.10 -0.476 0.635
    After treatment 0.91±0.26a 0.80±0.25b 2.156 0.033
FVC (L)
    Before treatment 2.18±0.33 2.17±0.32 0.154 0.871
    After treatment 2.93±0.51a 2.42±0.61b 4.636 0
PEF (L/s)
    Before treatment 59.21±17.32 59.09±17.33 0.035 0.972
    After treatment 91.00±19.67a 81.94±20.21b 2.272 0.025
FEV1/FVC (%)
    Before treatment 63.79±3.06 63.81±3.05 -0.033 0.974
    After treatment 89.56±2.05a 73.65±2.03b 38.995 0
Note: FEV1: forced expiratory volume in one second; FVC: forced vital capacity; 
PEF: peak expiratory flow. Comparison with the same group before the treat-
ment, aP<0.05, bP<0.05.

Table 3. Comparison of the clinical efficacy in the two groups [n 
(%)]

Group n Markedly 
effective Effective Ineffective Total effective 

rate (%)
Experimental group 50 45 3 2 48 (96.00%)
Control group 50 30 9 11 39 (78.00%)
χ2 7.162
P 0.007

Table 4. Comparison of the two groups’ asthma control scores 
before and after the treatment during the daytime and nighttime 
(
_
x  ± sd)

Group Experimental 
group

Control 
group t P

n 50 50
Daytime
    Before treatment 14.2±2.1 13.8±2.2 0.93 0.355
    After treatment 2.7±1.1c 7.6±1.3d -20.346 0
Nighttime
    Before treatment 8.9±2.0 9.1±2.1 -0.488 0.627
    After treatment 2.2±0.4c 4.6±1.2d -13.416 0
Note: Comparison with the same group before the treatment, cP<0.05, dP<0.05.

group included 35 male children 
and 15 female children, with an 
age span of 2-10 and an aver-
age age of (5.1±2.1). There were 
32 children under age 7, and 18 
at or above age 7. The avera- 
ge course of the disease was 
(2.6±0.5) years. The experimen-
tal group’s cases were catego-
rized into 23 mild cases, 15 
moderate cases, and 12 severe 
cases. The control group inclu- 
ded 36 male children and 14 
female children, with an age sp- 
an of 2-12 and an average age 
of (5.1±2.0). There were 31 chil-
dren under age 7, and 19 at or 
over age 7. The average course 
of the disease was (2.5±0.5) 
years. The experimental group’s 
cases were categorized into 25 
mild cases, 16 moderate cases, 
and nine severe cases. There 
was no statistical difference 
between the two groups in ter- 
ms of the children’s general 
information (P>0.05).

The children treated with 
combination therapy had better 
pulmonary function indices

Before the treatment, there was 
no statistically significant differ-
ence between the two groups in 
terms of their pulmonary func-
tion indices, FEV1, FVC, PEF, and 
FEV1/FVC (all P>0.05). After the 
treatment, the pulmonary func-
tion indices in both groups were 
significantly higher than they 
were before the treatment, but 
the experimental group’s index-
es were higher than the control 
group’s (all P<0.05). See the 
details in Table 2.
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The children treated with combination therapy 
had better asthma control scores before and 
after the treatment during the daytime and 
nighttime

Before the treatment, there were no statisti- 
cally significant differences between the two 
groups in their daytime or nighttime asthma 
control scores (P>0.05). After the treatment, 
both groups had significantly larger drops in 
their daytime and nighttime asthma control 
scores, but the changes in the experimental 
group were more significant (P<0.05). See the 
details in Table 4.

The children treated with combination therapy 
had fewer adverse reactions

After the treatment, the incidence of adverse 
reactions in the experimental group was lower 
than it was in the control group, but the differ-
ence was insignificant (χ2 = 0.122, P = 0.727). 
See details in Table 5.

The children treated with combination therapy 
had lower recurrence rates

One year after the treatment, the experimen- 
tal group had an asthma recurrence rate of 
12.00%, which was significantly lower than the 
rate in the control group (30.00%, P = 0.027). 
See the details in Table 6.

Discussion

Montelukast sodium is a novel, efficient leukot-
riene receptor inhibitor [25] that can selective- 

ly inhibit the activity of leukotriene peptides in 
the smooth airway muscles, prevent and inhibit 
the increased vascular permeability, eosinophil 
infiltration, and airway spasms induced by leu-
kotriene, reduce the inflammatory substances 
caused by airway allergies, and alleviate bron-
chial hyperresponsiveness [26-28]. The combi-
nation of montelukast sodium with the gluco-
corticoid drug budesonide makes better use  
of their respective advantages. Many related 
studies have found that combining montelu-
kast sodium and budesonide improves the 
total effective rate in asthma treatment [29, 
30].

Our results showed that after treatment, the 
FEV1, FVC, and PEF, FEV1/FVC indices of the 
experimental group were significantly higher 
than of the indices in the control group, sug-
gesting that the combined treatment of mon- 
telukast sodium and budesonide can effecti- 
vely improve pulmonary function in children 
with asthma, a finding consistent with the con-
clusions of other studies that found that com-
bined leukotriene receptor antagonists with 
inhaled corticosteroids can more effectively im- 
prove pulmonary function in children with as- 
thma than using inhaled corticosteroids alone 
[31]. In addition, montelukast sodium has a 
good compliance [32], so combining it with 
budesonide can create a supplementary effect 
and improve treatment efficacy. This also indi-
rectly testifies to the limitations of budesonide 
used alone in improving FEV1 and other pulmo-
nary function indices, which have also been 
mentioned in other studies [34].

In our study, the total effective rate of the 
experimental group was significantly higher th- 
an of the rate in the control group, indicating 
that the combined treatment had a significant 
effect on asthma in children. The combination 
therapy can effectively relieve clinical symp-
toms, comprehensively inhibit the synthesis of 
leukotriene and other inflammatory substanc-
es, inhibit the secretions of airway mucus, and 
promote the stretching of the smooth tracheal 

Table 6. Comparison of the two groups in their 
asthma recurrence rates at one year after with-
drawal [n (%)]
Group n Non-recurrence Recurrence
Experimental group 50 44 (88.00%) 6 (12.00%)
Control group 50 35 (70.00%) 15 (30.00%)
χ2 4.882
P 0.027

Table 5. Comparison of the two groups in their incidences of adverse reactions (n/(%))

Group n Oral candidiasis Hoarseness Scratchy 
sore throat

Growth 
retardation

Incidence of adverse 
reactions (%)

Experimental group 50 0 1 1 0 2 (4.00%)
Control group 50 1 2 1 1 5 (10.00%)
χ2 0.122
P 0.727
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muscles [35]. After the treatment, the daytime 
and nighttime asthma control scores in the 
experimental group were significantly lower th- 
an of the scores in the control group, indicating 
that the combined treatment had a better ef- 
fect at controlling asthma. Previously studies 
have also found that the combination of mon- 
telukast sodium and budesonide can effective-
ly lower asthma control scores and improve 
patients’ quality of life [36]. The mechanism 
may be that montelukast sodium can bind with 
leukotriene receptors, and budesonide binds 
with glucocorticoid receptors, so the anti-in- 
flammatory effect is strengthened, the secre-
tions of airway mucus are reduced, and the fre-
quency of asthma attacks is lowered [37].

We also found that the combined treatment 
can lower the incidence of adverse reactions 
such as oral candidiasis, hoarseness, and 
other phenomena. Local and systemic adver- 
se reactions are common in the use of gluco-
corticoid drugs [38], so the administration of 
glucocorticoids should be controlled [39]. Re- 
lated studies have shown that montelukast so- 
dium has a sound tolerance. Even though the 
given dose of montelukast sodium was as high 
as 200 mg/d, which is far above the maximum 
dose recommended in clinical practice (10 
mg/d), the incidence of adverse reactions is 
still relatively low [40]. In addition, we found 
that the recurrence rate of the experimental 
group was significantly lower than the rate in 
the control group. Due to the heterogeneity of 
asthma, using glucocorticoid drugs alone has 
the defects of poor responses and poor prog-
nosis, so the combination of glucocorticoid  
and leukotriene receptor modulators should  
be considered [41] In addition, using glucocor- 
ticoid drugs alone has trigger factors that may 
cause the recurrence of asthma [42].

However, due to the small sample size of this 
study, the study results are inadequate, so fur-
ther studies should be performed to verify our 
findings and further details on the mechanisms 
of this combination therapy should be explored.

In conclusion, giving montelukast sodium and 
budesonide to children with asthma can signifi-
cantly improve their pulmonary function indi-
ces, lower their incidence of adverse reactions, 
reduce the recurrence rate, and achieve better 
clinical efficacy, so it is worthy of clinical pro- 
motion.
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