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Abstract: Objective: To investigate the effects of montelukast combined with budesonide on lung function and 
exhaled nitric oxide concentration in children with mild persistent asthma. Methods: A total of 60 children with 
mild persistent asthma treated in the pediatric asthma clinic of our hospital were chosen for the study. They were 
randomly divided into two groups, with 30 cases treated with budesonide as the control group and 30 cases treated 
with montelukast combined with budesonide as the observation group. After 6 months of treatment, the clinical 
efficacy, exhaled nitric oxide (FeNO) concentrations, impulse oscillometer lung function (IOS), levels of inflamma-
tory factors, and the incidences of adverse reactions were compared between the two groups before and after 
treatment. Results: The overall response rate of FeNO in the observation group was higher than that in the control 
group (93.33% vs. 73.33%, P=0.038); FeNO levels in both groups decreased after treatment compared with that 
before treatment (P<0.001); the decrease in FeNO level in the observation group was larger than that in the control 
group (P<0.01). The R5 and R20 indexes of the children in both groups decreased after the treatment compared 
with those before the treatment (both P<0.05); the degrees of decrease of R5 and R20 indexes of the observa-
tion group were greater than tthose of the control group (both P<0.05). After treatment, EOS, and levels of CRP 
and IL-4 decreased in both groups compared with those before treatment (all P<0.05); the degrees of decrease 
of EOS, CRP and IL-4 in the observation group were better than those in the control group (both P<0.001); there 
was no statistically significant difference in the incidence of adverse reactions between the two groups (P>0.05). 
Conclusion: Montelukast sodium combined with budesonide is effective in the treatment of children with mild per-
sistent asthma, and can effectively reduce the levels of FeNO and inflammatory factors to improve children’s lung 
function, and is relatively safe.

Keywords: Montelukast, budesonide, mild persistent asthma, lung function, exhaled nitric oxide

Introduction

Bronchial asthma is a heterogeneous condition 
characterized by inflammation and hyperre-
sponsiveness of the airway, and its prevalence 
rises year by year [1]. With the prolongation of 
asthma, irreversible narrowing and remodeling 
of the airway can occur, seriously affecting 
physical and mental growth and child develop-
ment [2]. There is no definite pathogenesis of 
bronchial asthma and there may be a link with 
the surrounding environment, allergens or 
immune functions [3]. A child with mild persis-
tent bronchial asthma is characterized as a 
child with more than 80% of the estimated per-

centage of the first-second expiratory volume of 
exertion (FEV1 percent) and with systems last-
ing more than 12 hours [4]. According to the 
global guidelines on asthma, low-dose gluco-
corticoid inhalation is the recommended thera-
py for patients with mild persistent bronchial 
asthma [4]. Budesonide is a widely used thera-
peutic glucocorticoid that can suppress allergic 
substances and efficiently minimize airway 
smooth muscle contraction [5]. However, some 
children with budesonide alone have poor con-
trol of asthma symptoms [6]. Some studies 
have shown that while budesonide can enhance 
patients’ inflammatory response and regulate 
the disease efficiently, in some patients with 
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chronic disease, the weak inhibitory action on 
leukotriene contributes to poor control of the 
disease [7]. Montelukast sodium can block the 
leukotriene reaction, and can effectively inhibit 
airway inflammation and has anti-allergic 
effects [8]. In recent years, studies have shown 
that the combined use of budesonide and mon-
telukast sodium in treating mild asthma can 
enhance the inhibition of inflammation and can 
effectively control symptoms while reducing the 
inhaled dose of budesonide. At the same time, 
there are studies on the increase in the inci-
dences of side effects of long-term use of two 
drugs [9, 10]. Therefore, there is also debate 
about the safety and effectiveness of the mix-
ture of the two medications. Based on these 
contexts, the efficacy and safety of the combi-
nation of montelukast and budesonide in chil-
dren with mild persistent asthma were studied 
in this study.

Materials and methods

Clinical data

This study was approved by the Ethics Com- 
mittee of Affiliated Dongguan People’s Hos- 
pital, Southern Medical University (Dongguan 
People’s Hospital). A total of 60 children with 
mild persistent asthma who attended the pedi-
atric asthma specialist clinic from July 2018 to 
June 2019 were divided into two groups ran-
domly. 30 patients in the control group were 
treated with budesonide and 30 patients in the 
observation group were treated with montelu-
kast combined with budesonide. Patients 
included in this study or their family members 
had signed the informed consent.

Inclusion criteria

1. Patients met the diagnostic criteria for chil-
dren with mild persistent asthma [11]. Patients 
were 3-5 years old; 2. Patients could cooperate 
with IOS and FeNO testing. 3. Patients were 
able to cooperate with follow-up visits.

Exclusion criteria

1. Individuals with bronchial stenosis or malfor-
mation; 2. Patients were unable to cooperate in 
the completion of IOS and FeNO testing; 3. 
Patients were taking drugs or foods that affect 
the results of FeNO testing during testing; 4. 
Patients with contraindication to budesonide or 
montelukast sodium.

Methodology

Control group was given Budesonide aerosol 
nasal spray (5 mL: 20 mg, 200 ug/spray, 
AstraZeneca Pharmaceuticals Co., Ltd., China) 
with 1 spray each time, twice daily for 6 months.

The observation group was given montelukast 
sodium (Merck Ltd., Germany) 4 mg orally on 
the basis of the control group treatment, once 
daily, and the treatment effect was evaluated 
after 6 months of treatment.

Outcome measures

Primary outcome measures

Clinical efficacy is divided into: clinical control, 
effective and ineffective. The efficacy evalua-
tion criteria were as follows [11]. 1. Clinical con-
trol: after treatment, clinical symptoms such as 
wheezing, dyspnea and other clinical symptoms 
and pulmonary asthma sound disappeared; 2. 
Effective: after treatment, clinical symptoms 
such as wheezing, dyspnea and other clinical 
symptoms and pulmonary asthma sound were 
significantly reduced; 3. Ineffective: clinical 
symptoms did not improve significantly or even 
worsened.

FeNO concentration was measured in both 
groups before treatment and at 6 months of 
treatment. FeNO was measured offline by using 
the Sunvou-P100 nanocoulomb breath analyz-
er. The off-line method was used for the deter-
mination of FeNO in ppb and eCO in ppm. The 
FeNO method was in accordance with “the 
Series of Guidelines for Non-traumatic Inflam- 
matory Markers of Lung Function and Airways 
in Children (VII): Monitoring of Exhaled Nitric 
Oxide [12]. The method was explained to the 
child before the measurement, the test was 
performed by inhalation through a NO-free air 
storage bag, and the child was required to 
inhale by mouth to the total lung volume with-
out breath-holding. The child was told to per-
form a slow exhalation at a certain expiratory 
resistance. The exhaled gas entered the stor-
age bag and was collected, after which the gas 
was connected to the machine for analysis and 
the results were recorded.

IOS measurement before and 3 months after 
the treatment: the German Jaeger lung function 
meter was used, the measurement method of 
IOS was in accordance with the “Children’s 
Pulmonary Function Series Guide (III): Pulse 
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oscillation”, the child was told to breathe calmly 
and tidally, the operator then pressed the 
cheeks of the child lightly with both hands until 
the breathing curve on the volumetric time 
chart was stable [13]. The measurement was 
taken 3-5 times, and the time for each mea-
surement was not less than 30 seconds. Total 
respiratory resistance (R5) and central respira-
tory resistance (R20) were recorded.

Secondary outcome measurement

One tube of venous blood (5 mL) was taken 
before treatment at the time of admission to 
the hospital, and 1 tube of venous blood 5 mL 
was taken 14 days after treatment at 8:00 a.m. 
The eosinophil (EOS) count, serum C-reactive 
protein (CRP) level and interleukin-4 (IL-4) level 
from each patient were examined.

Adverse reactions: the occurrence of adverse 
reactions during the patient’s treatment was 
recorded, including gastrointestinal reactions, 
rash, hoarseness, etc.

Statistical methods

SPSS 22.0 statistical software was used, con-
tinuous variables were represented as mean ± 
standard deviation (

_
x  ± sd), and the Shapiro-

Wilk test was used for testing normality. T-test 
was used for data conforming to normal distri-
bution and homogeneity of variance, and inde-
pendent samples t-test was used for between-

Comparison of clinical efficacy between the 
two groups of children

The total effective rate of FeNO in the observa-
tion group was higher than that in the control 
group (93.33% vs. 73.33%), and the difference 
was statistically significant (P<0.05), as shown 
in Table 2.

Comparison of FeNO levels in two groups of 
children before and after treatment

There was no significant difference in FeNO lev-
els between the two groups of children before 
the treatment (P>0.05). After the treatment, 
there was a significant decrease in FeNO levels 
between the two groups of children compared 
with that before treatment (P<0.001). The 
degree of decrease of FeNO level in the obser-
vation group was better than that in the control 
group (P<0.01). See Table 3.

Comparison of lung function between the two 
groups of children before and after treatment

There was no significant difference between 
the R5 and R20 indexes of the two groups of 
children before treatment (P>0.05), but there 
was a significant difference between the R5 
and R20 indexes of the two groups of children 
after treatment (P<0.05). The degrees of the 
decline of R5 and R20 indicators in the obser-
vation group was better than those in the con-
trol group (P<0.05). See Table 4.

Table 1. Comparison of the general information of the two groups of 
children

Item Observation group 
(n=30)

Control group 
(n=30) χ2/t P

Age (Month) 50.4±8.4 51.4±6.2 1.243 0.202
Sex (M/F) 17/13 16/14 0.067 0.795
Duration of illness (Month) 6.2±1.3 6.3±1.5 0.301 0.765
Height (cm) 122.54±3.21 121.75±2.76 1.022 0.311
Weight (kg) 23.82±2.12 23.63±2.32 0.331 0.742

Table 2. Comparison of the efficacy of the two groups of children

Group Clinical 
control Effective Ineffective Total  

efficiency (%)
Observation group (n=30) 21 (70.00) 7 (23.33) 2 (6.67) 28 (93.33)
Control group (n=30) 12 (40.00) 10 (33.33) 8 (26.67) 22 (73.33)
χ2 6.584 4.320
P 0.037 0.038

group comparisons. Paired 
samples t-test was used 
for comparisons within 
groups. Enumeration data 
were tested by Pearson’s 
χ2 test and expressed as 
χ2. P<0.05 was considered 
statistically significant.

Results

Comparison of the general 
information of the two 
groups of children

There was no difference in 
general information be- 
tween the two groups of 
children (P>0.05) as shown 
in Table 1.
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Comparison of inflammatory factors between 
the two groups of children before and after 
treatment

There was no significant difference in the index-
es of EOS, CRP and IL-4 between the two groups 
of children before treatment (P>0.05). After 

The worldwide incidence of moderate asthma 
can hit 50-75 percent [14]. The treatment of 
mild persistent asthma is largely by inhaled cor-
ticosteroids. The clinical application of the glu-
cocorticoid drug budesonide to regulate asth-
ma symptoms is recognized by clinicians and 
has the characteristics of high affinity, rapid 

Table 3. Comparison of FeNO levels in two groups of children before and after treatment

Item
Observation group Control group

t P
Observation group Control group

t P
Before treatment After treatment

FeNO (ppb) 19.12±5.34 19.21±5.13 0.067 0.947 8.82±2.43### 11.11±3.65### 2.861 0.006
Note: Compared with before treatment within the same group, ###P<0.001.

Table 4. Comparison of lung function between the two groups of children before and after treatment

Item
Observation group Control group

t P
Observation Group Control group

t P
Before treatment After treatment

R5 101.95±31.14 100.23±30.23 0.217 0.829 87.03±17.62### 97.23±21.72# 2.010 0.049
R20 91.28±24.26 91.82±24.92 0.085 0.933 74.85±18.75### 83.34±18.78### 2.011 0.049
Note: Compared with before treatment within the same group, #P<0.05; compared with before treatment within the same 
group, ###P<0.001. R5: Total respiratory resistance; R20: central respiratory resistance.

Table 5. Comparison of inflammatory factors between the two groups of children before and after 
treatment

Item
Observation group Control group

t P
Observation group Control group

t P
Before treatment After treatment

EOS (×109/L) 0.52±0.16 0.51±0.15 0.250 0.834 0.14±0.09### 0.31±0.13# 5.889 <0.001
CRP (mg/L) 34.23±5.12 35.92±5.76 1.201 0.235 6.23±2.38### 14.34±4.45### 8.802 <0.001
IL-4 (μg/L) 29.34±3.76 30.23±3.99 0.889 0.378 8.53±1.34### 12.76±1.43### 11.821 <0.001
Note: Compared with before treatment within the same group, #P<0.05; compared with before treatment within the same group, 
###P<0.001. EOS: eosinophil; CRP: serum C-reactive protein; IL-4: interleukin-4.

Figure 1. Comparison of the adverse effect of the two groups.

treatment, the EOS, CRP and 
IL-4 of the two groups of chil-
dren decreased compared 
with those before treatment 
(P<0.05). The decrease of 
EOS, CRP and IL-4 in the 
observation group is better 
than that of the control group 
(P<0.001). See Table 5.

Comparison of adverse ef-
fects in two groups of children

There was no statistically sig-
nificant difference between 
the two groups of children in 
adverse effects (P>0.05) as 
shown in Figure 1.

Discussion
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onset and low side effects. It can inhibit inflam-
matory mediators and have an anti-inflamma-
tory effect [15]. Angiotensin II expression may 
be increased and blood vessels may dilate, but 
some children have been shown to have poor 
symptom control during the use of budesonide, 
especially in children with chronic asthma [5]. 
Studies have shown that leukotriene is a pro-
inflammatory factor and plays an important 
role in the pathogenesis of asthma, while 
budesonide has a weak inhibitory effect on leu-
kotrienes [5]. Montelukast sodium inhibits the 
action of leukotrienes. Thus the combined 
application of budesonide and montelukast 
sodium has a major impact and can effectively 
regulate the onset of asthma [16]. This analysis 
also indicates that in the care of children with 
moderate chronic asthma, the use of montelu-
kast sodium combined with budesonide is 
more successful than using budesonide alone, 
which is consistent with the above research 
findings.

A previous study found that asthma attacks are 
directly associated with airway inflammation. 
Airway epithelial cells are stimulated by inflam-
matory cells to overexpress inducible nitric 
oxide synthase (iNOS) when inflammation of 
the airway occurs, which makes the concentra-
tion of nitric oxide in the airway abnormally 
elevated. A number of inflammatory conditions 
in the airway can lead to elevated NO but eosin-
ophilic inflammation predominates. A research 
by some scholars on children with asthma in 
Vietnam has shown that FeNO can be used as 
a means to monitor asthma control [17]. Chris 
et al. have found that FeNO has greater sensi-
tivity and precision than conventional approach-
es in the detection of asthma in pre-school chil-
dren [18]. A research conducted by Javier et al. 
has shown that the abnormality of FeNO is 
associated with many factors, not only an 
increase in patients with asthma, but also in 
patients with allergic diseases such as allergic 
rhinitis compared to patients without allergic 
diseases [19]. Studies have also shown that 
asthmatic children frequently have allergic 
inflammation of the airways, such as allergic 
rhinitis, resulting in elevated amounts of FeNO 
[20]. This research found that in the treatment 
of moderate chronic asthma, the expression of 
FeNO in children with montelukast combined 
with budesonide was lower than that in the 
budesonide-treated patients alone, indicating 

that the combined use of the two medications 
is effective for disease control. FeNO is used to 
measure inflammation of the airway, while lung 
function is an important method of measuring 
the function of the airway and determining ill-
ness in children with asthma. One is a micro-
scopic inflammation index and the other is a 
macroscopic ventilation index. Much interest 
has been drawn to the interaction between the 
two. A study by Liu et al. has found that FeNO 
has greater sensitivity and accuracy in the diag-
nosis of small airway dysfunction in conjunction 
with IOS analysis and can better determine the 
small airway function of the patient [21]. 
Studies by Zeng and others have shown that 
FeNO may reflect airway eosinophil inflamma-
tory regulation in children with pre-school asth-
ma, but it can not reflect airway hyperrespon-
siveness. Therefore, to judge asthma manage-
ment more correctly, FeNO needs to be paired 
with IOS testing [22]. This research also indi-
cates that the use of the two medications in 
children with moderate chronic persistence will 
successfully enhance lung function. It may be 
linked to the mixture of the two medications, 
which may efficiently decrease the inflamma-
tion of the airways and improve the inhibitory 
activity of the proinflammatory factors of 
leukotriene.

Previous studies have shown that the released 
and activated EOS can accumulate in the  
airway, and the activated EOS can secrete a 
variety of inflammatory mediators, leading  
to aggravation of the body’s inflammatory 
response, causing bronchial smooth muscle 
contraction and airway mucosal edema, thus 
inducing asthma attacks. Serum CRP is an 
important indicator of clinical response to body 
inflammation and immune response and has a 
prompting effect on the severity of the disease. 
IL-4 is another inflammatory mediator; its high-
expression can promote the proliferation of T 
cells and B cells and the secretion of IgE by B 
cells. IgE can further induce EOS to secrete 
basic protein to act on the airway and aggra-
vate airway inflammation [23-25]. In this study, 
the inflammatory factors EOS, CRP and IL-4 
were measured. It also showed that the com-
bined use of the two drugs can effectively 
improve the inflammation state of the body, 
which is related to the above-mentioned 
mechanism.
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This research also found that the risks of long-
term use of the two drugs did not rise, indicat-
ing that the combined use of the two drugs has 
increased effectiveness and safety. Previous 
experiments have shown that budesonide can 
have a degree of inhibitory impact on the height 
of children [26]. Another study showed that 
long-term treatment with low-dose or medium-
dose budesonide in children with mild persis-
tent asthma was not associated with a decrease 
in height before puberty [10].

This research still has certain shortcomings. 
For example, this study is a single-center study. 
In the future, a multi-center large-sample ran-
domized controlled study can be conducted to 
verify our results. In this study, the follow-up 
time is short and the sample size included is 
small, further studies can increase the sample 
size and prolong the follow-up time.

In short, montelukast sodium and budesonide 
in combination are both safe and effective in 
the care of children with moderate chronic 
asthma. It can reduce FeNO levels and inflam-
matory factors effectively, thereby enhancing 
children’s lung function.
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