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Abstract. One‑third of the children who suffer from first‑time 
wheezing are estimated to experience recurrences; however, no 
standard therapeutic strategy with which to prevent these recur-
rences currently exists. A few studies have compared the three 
drugs commonly used for the treatment of persistent asthma 
in children to identify the most effective one for preventing 
recurrent wheezing. In this study, in an aim to determine the 
most effective of these drugs, we recruited patients <5 years of 
age with recurrent wheezing at our hospital, and assigned them 
randomly to either the oral montelukast [leukotriene receptor 
antagonist (LTRA)], the inhaled fluticasone propionate (FP), or 
the inhaled budesonide suspension (BUD) groups for 12-week 
treatments. We then determined the treatment efficacy (symp-
tomatic improvement) by recording the number of wheezing 
episodes and emergency visits, the daily treatment cost, the 
mean accumulated down time and the patient compliance; we 
then compared the results among the groups. All treatments 
were found to be equally effective. The daily cost of inhaled 
FP was lower than that of oral LTRA and inhaled BUD 
(P<0.00001). The difference in the mean accumulated down 
time between these groups was not significant (P=0.132). The 
adherence (patient compliance) to LTRA was significantly 
higher than the adherence to inhaled corticosteroids (ICS) 
(P<0.017). On the whole, the findings of this study indicated 
that all three treatments prevented recurrent wheezing in our 
pediatric population. FP was found to be more convenient, 
to require fewer doses, and that it could be easily adjusted. 
Patient adherence/compliance to treatment was significantly 
better with LTRA than with ICS.

Introduction

Wheezing is one of the most common symptoms of lower 
respiratory infections among children (1). A bronchiolitis 
infection is usually the cause of the first wheezing episode. 
Moreover, recurrent wheezing typically emerges after children 
have recovered from bronchiolitis, and in some cases, this even-
tually develops into asthma (2,3). The administration of both 
oral montelukast [leukotriene receptor antagonist (LTRA)] 
and inhaled corticosteroids (ICS) are the most common 
forms of maintenance therapy for children with asthmatic 
diseases. However, no standard therapy currently exists for 
the prevention of recurrent wheezing in children following a 
first episode. Thus, the aim of this study was to compare the 
efficacy of therapies based on oral montelukast, fluticasone 
propionate (FP), or budesonide suspension liquid (BUD) in 
children <5 years of age suffering from wheezing.

Materials and methods

Patients and study design. In this study, we enrolled both out- 
and in-patients admitted for capillary bronchitis, asthmatic 
bronchitis, or asthmatic bronchial pneumonia at the Southern 
Division of Renji Hospital from September, 2009 to November, 
2012. We screened 314 continuous patients (210 boys and 
104 girls with an average age of 30.1±9.89 months) out of 
which 239 patients (159 boys and 80 girls) were included 
based on the guardians' informed written consent. Once in 
the remission period, we randomly assigned eligible patients 
to one of the following groups: i) The oral Montelukast group 
(LTRA; group A, including 54 boys and 26 girls; average 
age, 29.59±12.04 months); ii) the inhaled FP group (group B; 
54 boys and 28 girls; average age, 30.26±7.60 months); and 
iii) the inhaled BUD group (group C; 51 boys and 26 girls; 
average age, 30.03±9.34 months). The diagnoses of all the 
children was based on the criteria in the Zhu Fu‑tang Practice 
of Pediatrics (4). Patients >5 years of age were excluded. In 
addition, patients with congenital malformations of the respi-
ratory tract, those with a bronchial foreign body and those with 
bronchial pulmonary dysplasia (BPD) were also excluded. 
The Ethics Committee of Renji Hospital, Shanghai JiaoTong 
University School of Medicine approved this study (Approval 
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no. SHDC12014905), which was conducted following the 
tenets of the Declaration of Helsinki.

Treatment and patient grouping. All eligible patients were 
treated with antibiotics, inhaled oxygen and aerosol inhala-
tion during the acute stages. During the remission phase, we 
administered oral montelukast, 4 mg once daily (Merck Sharp 
& Dohme, approval no. J20140167) to the patients in group A; 
inhaled FP 100 µg twice daily (Glaxo Smith Kline, approval 
no. H20010387) to those in group B; and inhaled budesonide 
suspension liquid, 500 µg, twice daily (AstraZeneca, approval 
no. H20140475) to those in group C, and symptomatic therapy 
as appropriate. All the therapeutic sessions lasted for a 
period of 12 weeks, and all the children were subsequently 
followed-up over a 1-year observation period.

Evaluation indicators. We assessed the treatment efficacy 
(symptomatic relief) and the number of emergency department 
visits, the daily cost of treatment, the patient compliance, and 
the mean accumulated down time per group and compared the 
results among the groups.

Statistical analysis. We used the SPSS 19.0 software 
(Version 19.0; IBM, Inc.) for statistical analyses. Continuous 
data are expressed as the means ± standard deviation (SD), 
and differences among groups were compared using one-way 
Analysis of Variance (ANOVA) followed by Tukey's honestly 
significant difference test (HSD). Categorical data were 
analyzed using the Chi-squared test. P-values <0.05 were 
considered to indicate statistically significant differences.

Results

General patient information. No statistically significant 
differences were found in terms of age, sex, or the history of 
allergies between the 3 groups (P=0.9; Table I).

Comparison of the treatment efficacy between the 3 patient 
groups. Values for variables of treatment efficacy (symptom-
atic relief, number of emergency visits) the mean daily cost of 
treatment, the patient compliance, and the mean accumulated 
down time for each of the treatment groups were calculated 
over the period of 1 year and the values were compared 
(Table II). Groups A, B and C all displayed similar treatment 
efficacies. The daily cost of treatment for group B was lower 
than that for the other 2 treatment groups (groups A and C) 
(P<0.00001). Patients in Group A complied better with the 
treatment than patients in groups B and C (P=0.017). In 
addition, no significant differences were found between the 
3 groups as regards the accumulated down time (number of 
days parents missed work).

Discussion

Previous studies have indicated that one-third of infants who 
develop wheezing for the first time experience recurrences 
and consequently develop asthma (3,5). Moreover, repeated 
episodes of wheezing can severely affect children's physical 
and mental health, increase mental stress, and impose a 
significant economic burden (6,7). Thus, an appropriate thera-

peutic agent is important for controlling symptoms, improving 
pulmonary function and modifying the natural progression 
of childhood asthma. As a result, the identification of a suit-
able therapeutic strategy has become a common concern for 
medical professionals and parents.

The infant respiratory tract exhibits a unique immature 
structure, incomplete airway function and an abundance of 
mucosal surfaces (8). Lower respiratory tract infections (viral 
infections) can lead to small airway epithelium damage, the 
release of inflammatory mediators, activation in response 
to cytokines and a Th1/Th2 imbalance, which further 
induces chronic airway inflammation and leads to recurrent 
wheezing (3,8-11).

Eosinophils are a major source of cysteinyl leukotrienes 
(CysLTs). In addition, the synthesis of leukotrienes is signifi-
cantly increased in response to airway epithelial inflammation 
or injury (12). CysLTs can attract and activate eosinophils due 
to the expression of cysteinyl leukotriene receptors (CysLTs1R 
and CysLTs2R) on eosinophils (13,14). Moreover, CysLTs 
can induce airway smooth muscle contraction, increase 
vascular permeability, and stimulate mucus secretion during 
acute asthmatic attacks. CysLTs have also been shown to be 
important inflammatory mediators for asthma (12,14). Studies 
have shown the critical role that CysLTs play causing chronic 
bronchial inflammation and airway hyperreactivity, as well 
as inducing airway remodelling by promoting airway smooth 
muscle hyperplasia and subepithelial fibrosis with collagen 
deposition (14,15). Highly selective and competitive CycLT 
receptor antagonists have been shown to alleviate chronic 
airway inflammation (15). Leukotriene modifiers are another 
treatment option in cases of persistent asthma (16), they have a 
good taste, are convenient to use, and are generally well-toler-
ated with favorable clinical curative effects in children with 
wheezing. However, leukotriene antagonists can suppress 
only one inflammatory mediator and result in relatively weak 
anti‑inflammatory activity when compared with ICSs.

ICS display a non‑specific anti‑inflammatory effect and 
are considered the first‑line treatment for long‑term control of 
persistent asthma in children according to the Global Initiative 
for Asthma (GINA) guidelines (https://ginasthma.org). 
Moreover, ICS have a high topical potency and few systemic 
side-effects (17), as they act directly on the airway mucosa 
exerting a rapid anti‑inflammatory effect (17). In addition, 
treatment with ICS promotes a local anti‑inflammatory effect 
by increasing lipophilicity and enhancing the affinity for the 
glucocorticoid receptor in the lungs (18,19). Topical corticoste-
roids are thought to upregulate membrane β2-adrenoceptors, 
preventing their downregulation and uncoupling in response 
to β2-agonists, which can reduce the incidence of drug 
resistance (17,18). Moreover, corticosteroids can inhibit the 
production of a number of pro‑inflammatory cytokines and the 
function of phagocytic cells, while modulating the Th1/Th2 
imbalance in asthma and inhibiting gland secretion (10,17,20). 
In addition to improving lung function and reducing airway 
inflammation, ICS are highly effective for decreasing bron-
chial responsiveness, asthma symptoms, asthma-related 
exacerbations, hospitalizations and even death (10,18).

FP and BUD have been associated with effective clinical 
results and are the most commonly used ICS. A meta-analysis 
published by Castro-Rodriguez and Rodrigo on the efficacy 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  18:  3090-3094,  20193092

of ICS in preschoolers suffering from wheezing demon-
strated that ICS decrease the frequency of acute episodes 
of asthma (21). The potency of corticosteroids has been 
measured I in terms of binding affinity to glucocorticoid 
receptors in lung tissues and the ability to induce cutaneous 
vasoconstriction (18). FP exhibits marked anti‑inflammatory 
activity, and is currently considered the most potent ICS for the 
airways (18). FP is twice as potent, in terms of binding affinity 
and as a cutaneous vasoconstrictor, than budesonide. The 
percentage of the drug that is systemically available following 
oral administration has been estimated to be <1% for FP and 
11% for BUD (22). Moreover, the use of storage tanks may 
reduce oropharyngeal irritation. Infants and young children 
represent a unique subpopulation with significant challenges 
for drug transportation due to various anatomic, physiological 
and emotional factors. The infant pharynx is close to the root 

of the tongue and the epiglottis, which is narrow and collapses 
easily compared with that of adults. Moreover, infants cry 
loudly and cannot hold their breath, which leads to substantial 
reductions in the amount of inhaled medication deposited in 
the lungs compared to those in individuals who are able to 
hold their breath (23). BUD is a second-generation corticoste-
roid that may be easier to administer to infants and toddlers, 
as it requires no active cooperation; therefore, it is suitable for 
children of any age. BUD is rapidly-acting (within seconds or 
minutes), likely due to membrane-bound glucocorticoid recep-
tors and a direct interaction with the airways and vasculature 
by non-genomic mechanisms (17). Moreover, the addition of a 
short-acting β2-agonist to a jet-nebulized budesonide suspen-
sion can provide rapid relief to patients with symptoms of 
acute asthma attack (17). However, the cost associated with 
the use of BUD is high, since it requires administration via 

Table I. Comparison of the general conditions between the 3 patient groups.

Group Patients Age (months, means ± SD) Allergic constitution Sex (male:female)

Oral montelukast (Group A) 80   29.59±12.04 30 2.08:1
Inhaled fluticasone propionate (Group B) 82 30.26±7.60 28 1.93:1
Inhaled budesonide (Group C) 77 30.03±9.34 28 1.96:1
Statistical analysisa  P=0.9 P=0.9 P=0.9

SD, standard deviation. aAnalysis by one-way ANOVA (for continuous variables; means ± SD) and the Chi-squared test (for nominal data).

Table II. Comparison of treatment efficacy between the three patient groups.

 Statistical analysisa

 ------------------------------------------------------------------------------------------------

 Oral montelukast Inhaled fluticasone Inhaled budesonide  Post‑hoc test
Variable/group (Group A) (n=80) propionate (Group B) (n=82) (Group C) (n=77) Overall P‑value

Duration of breathing 1.66±2.36 0.95±1.87 0.92±1.91 P=0.038 0.074c

(days)    F=3.29 0.064d

     0.994e

Number of inhalations 0.80±1.07 0.47±0.90 0.45±0.86 P=0.034 0.070c

(time)    F=3.42 0.056d

     0.990e

Number of emergency 0.41±0.83 0.18±0.47 0.18±0.6 P=0.037 0.064c

visits    F=3.33 0.070d

     0.994e

Daily cost of treatment 2.11±0.53 1.18±0.55 4.24±0.68 P<0.00001 <0.00001c

(yuan)    F=559.52 <0.00001d

     <0.00001e

Patient compliance  87.9% 73.2% 70.0%  0.017b

(percentage, %)
Accumulated down time 0.91±1.38 0.59±1.35 0.52±1.14 P=0.132 0.260c

(days)    F=2.03 0.145d

     0.938e

All data, apart from those for patient compliance (which are presented as percentages), are presented as the mean ± standard deviation. aAnalysis 
by one‑way ANOVA (for continuous variables; means ± SD) followed by Tukey's honestly significant difference test and the bChi-squared test 
(for nominal data). cGroup A vs. group B, dGroup A vs. group C, and eGroup B vs. group C.
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spray inhalation powered by oxygen in hospitals or through 
an air compressor pump at home. Consistent with the results 
published in the study by Lan et al (24), FP treatment in this 
study had a lower daily cost than the cost of the inhaled BUD.

Asthma is a chronic inflammatory disease that requires 
long-term anti-inflammatory treatment to achieve disease 
control. Although effective therapies are described in GINA, a 
large proportion of children with asthma do not achieve ideal 
symptom control (25). Since compliance is the only vital factor 
associated with the level of asthma control (25), non-adherence 
to the prescribed daily treatment (parituclarly with ICS) leads 
to uncontrolled episodes of asthma (26). Such effects are closely 
related to the inadequate suppression of airway inflammation. 
Studies have demonstrated that the adherence/compliance to 
controller therapy ranges between 30 and 80%, and that medi-
cation adherence may decrease over time (25,27,28). Multiple 
factors lead to issues associated with adherence, including the 
lack of knowledge of the disease, periods of symptom remis-
sion, the need to use multiple (often inhaled) medications, 
forgetting to take medications, and a ‘steroid phobia’ (29). The 
findings of this study indicated that the adherence to LTRA 
was significantly higher than that to ICS.

In reviewing the results of other studies, we found 
that comparisons between two medications in infants are 
common (24,30,31); however, to date, at least to the best of our 
knowledge, there are no studies available comparing three drugs 
for the treatment of children with persistent asthma. Therefore, 
in this study, we compared the efficacy of montelukast with 
that of ICS (inhaled FP or inhaled BUD) in children <5 years 
of age. We found that all three treatments effectively prevented 
recurrent wheezing in this pediatric patient group. However, 
treatment with fluticasone seems to have the advantage of being 
more convenient. In addition, patient adherence to treatment 
was significantly better with LTRA than with ICS. These find-
ings highlight the importance of prevention measures and the 
treatment options available for asthma paroxysms in children 
who have recovered from wheezing disorders.

However, we are aware of the limitations associated with 
this study. In particular, the follow-up period was somewhat 
brief and the sample sizes were relatively small. Therefore, 
other studies are warranted to examine the association between 
asthma prevention and treatment after wheezing with longer 
follow-up times and larger sample sizes. On the whole however, 
this study demonstrates that all three tested treatments had a 
similar efficacy, although patient adherence/compliance to 
treatment was significantly better with LTRA than with ICS.
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