
Clinical Trial/Experimental Study Medicine®

OPEN
Exercise training as an adjunctive therapy to
montelukast in children with mild asthma
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Abstract
Background: This study investigated the effectiveness and safety of exercise training (ET) as an adjunctive therapy to montelukast
for children with mild asthma (MA).

Methods: A total of 72 children, ages 4 to 12 years with MA were randomly assigned to a treatment group or a control group at a
ratio of 1:1. The subjects in the treatment group received ET plus montelukast, while the participants in the control group received
montelukast alone. The primary endpoint was lung function, as measured by forced expiratory volume in 1 second (FEV1) and ratio
between FEV1 and forced vital capacity (FEV1/FVC). The secondary endpoints included the symptom improvements, asmeasured by
clinical assessment score, and quality of life (QoL), as assessed with Paediatric Allergic Disease Quality of Life Questionnaire
(PADQLQ) scores. In addition, adverse events were also assessed during the period of this study. All outcomes were measured at
baseline, at the end of 6-week treatment and 2-week follow-up after the treatment.

Results: After 6-week treatment and 2-week follow-up, although ET plus montelukast did not show better effectiveness in
improving lung function, as evaluated by the FEV1 (P> .05) and FEV1/FVC (P> .05) than montelukast alone, significant relief in clinical
symptoms (P< .01), and improvement in QoL (P< .01) have achieved. Additionally, both groups had similar safety profile.

Conclusion: The results of this study showed that ET as an adjunctive therapy to montelukast may benefit for children with MA.
Further studies are still needed to warrant the results of this study.

Abbreviations: ET = exercise training, FEV1 = forced expiratory volume in 1 second, FEV1/FVC = ratio between FEV1 and forced
vital capacity, ITT = intent-to-treat, MA = mild asthma, PADQLQ = Paediatric Allergic Disease Quality of Life Questionnaire scores,
QoL = quality of life, RCT = randomized controlled trial.
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1. Introduction

Asthma is one of the most common disorders of respiratory
system diseases.[1–4] It has been estimated that this disorder
affects 9% to 20% children and 1% to 3% adults in the United
State.[5–6] In China, the prevalence of asthma is estimated to be
about 5%.[7–8] Additionally, the number of patients diagnosed
with asthma is increasing around the world, especially among the
children population.[9–16] Thus, it is very important to treat and
to prevent this disorder.
Current managements for asthma mainly use medication, such

as glucocorticoids, antihistamine drugs, b2 agonists, and
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leukotriene receptor antagonists. However, they often
have limited efficacy.[21] In addition, those medications often
accompanied a variety of adverse events, especially for children
with asthma.[22–24] Thus, more management options with fewer
adverse events are urgently needed to treat and to prevent
children with asthma. Alternative therapy is one of most
important candidates to treat such condition, such as exercise
training (ET). However, limited data is available to support ET
for the management of asthma in children.[25] In this study, we
tested the hypothesis that the effectiveness and safety of ET as an
adjunctive therapy to montelukast would be better than the
montelukast alone for the treatment of children with mild asthma
(MA) ages 4 to 12 years old.
2. Methods

2.1. Ethical approval

This study was approved by the Medical Ethical Committee of
Yan’an People’s Hospital.
2.2. Sample size

The sample size of this study was 60 participants, 30 children in
each group with 12% difference of FEV1 between 2 groups and
a=0.05, b=0.1, according to the previous alternative study.[26]

The desired sample size for this study is set to 72 subjects, 36
patients each group with assumed dropout rates of 20%.
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2.3. Design

This study was designed as a 2 arms randomized controlled trial
(RCT). It was conducted from January 2017 to June 2018 at
Yan’an People’s Hospital. Totally, 72 children with MA were
recruited in this study. After screen, they were randomly allocated
into a treatment group (n=36, received ET plus montelukast)
and a control group (n=36, received montelukast alone). The
lung function, clinical symptoms, and quality of life (QoL) were
measured to assess its efficacy. All endpoints were measured at
baseline, at the end of 6-week treatment, and 2-week follow-up
after the treatment.
2.4. Randomization, allocation, and blinding

A total of 72 children with MA were equally and randomly
allocated to the treatment group or the control group at a ratio of
1:1 by using a block randomization procedure. The random
number was performed by using IBM SPSS Statistics 17.0 (IBM
Corp., Armonk, NY). The randomization information was kept
in opaque sealed envelopes. The outcome assessors and data
analysts were masked to the study allocation.
2.5. Inclusion and exclusion criteria
2.5.1. Inclusion criteria. The both boys and girls were
considered to be included if they were ages between 4 and 12
years old. All of them were diagnosed confirm as MA (symptoms
occurred less than once weekly). In addition, the legal guardians
of each child signed the informed written consent before
the study.

2.5.2. Exclusion criteria. The children with MA were excluded
if they had a history of exercise induced asthma; received any
kinds of medications that help to relive MA 1-month before the
study or during the study period; other severe diseases such as
cancers, heart failure, and respiratory infections.
2.6. Intervention

All children in both groups received chewable montelukast (4mg
daily) tablet in the evening at bedtime, once daily, for a total of 6
weeks. Additionally, children in the treatment group also received
ET program by a certified 5-year experienced training instructor.
It included 40min long aerobic circuit training class. Each child
received ET 3 times weekly for a total of 6 weeks.
2.7. Endpoint assessments

The primary endpoint of lung function was measured by forced
expiratory volume in 1 second (FEV1)

[27] and ratio between FEV1

and forced vital capacity (FEV1/FVC).
[28] The secondary

endpoint of clinical symptoms was assessed by clinical assess-
ment score, and quality of life (QoL) was evaluated with
Paediatric Allergic Disease Quality of Life Questionnaire
(PADQLQ) scores.[29] The PADQLQ scale consists 26 items,
the scores of each item range from 0, not bothered, to 6,
extremely bothered. The higher score indicates the worse QoL.
Moreover, any adverse events were also recorded during the
study period.
The spirometry was utilized to measure FEV1 and FEV1/FVC

by using PiKo-1 (ATS and EU electronic peak flow monitor,
Ferraris Respiratory Europe Ltd., Westford SG13 7NW, UK)
software. It was conducted by an experienced physician who had
attended the training class before the study. All outcomes were
2

measured at baseline, at the end of 6-week treatment, and 2-week
follow-up after the treatment.
2.8. Statistical analysis

All characteristic data and endpoint values were analyzed by
using IBM SPSS Statistics 17.0 (IBM Corp., Armonk, NY) by
using intent-to-treat (ITT) analysis. The categorical data was
applied by using Chi-squared test, while the continuous data was
operated by using t test or Mann-Whitney U test to analyze the
differences between 2 groups. The statistical significance was
defined as P< .05 (2-tailed).
3. Results

A total of 105 eligible childrenwithMA entered the study (Fig. 1).
Of them, 27 did not meet the criteria, and were excluded. In
addition, 6 of them rejected to participate in this study. Thus, a
total of 72 children with MA were included in this study, and
were equally allocated into the treatment group and the control
group. Although 4 and 7 patients respectively withdraw at the
end of 6-week treatment and 2-week follow-up respectively, all of
them entered the final analysis by using ITT analysis (Fig. 1).
The comparisons of patient characteristics between 2 groups

are summarized in Table 1. The comparisons of 2 groups did not
differ significantly in all characteristics and clinical variables in
this study, such as age, sex, race, asthma history, disease
duration, and endpoints at baseline.
At the end of 6-week treatment, patients who received ET plus

montelukast exerted better effectiveness in clinical symptoms
relief (P< .01, Table 2) and QoL improvement (P< .01, Table 2),
although the lung function did not show promising effective
results with FEV1 (P= .80, Table 3) and FEV1/FVC (P= .44,
Table 3), compared with patients who received montelukast
alone. This trend kept steady throughout the period of 2-week
follow-up with clinical symptoms relief (P< .01, Table 2), QoL
improvement (P< .01, Table 2), and lung function, as assessed
with FEV1 (P= .70, Table 3) and FEV1/FVC (P= .41, Table 3)
between 2 groups.
All adverse events recorded in this study were mild (Table 4).

No adverse events related to the ET occurred in the treatment
group. No serious adverse event, as well as the treatment related
death was recorded during the study period in either group. No
significant differences regarding all adverse events were detected
between 2 groups (Table 4).
4. Discussion

Although several previous studies have reported that montelu-
kast monotherapy has been utilized to treat children with
asthma,[30–33] its efficacy is still limited and also has a variety of
adverse events. Thus, in order to improve its efficacy, alternative
add-on therapy should be added to manage such disorder.
A previous published study has addressed the effect of ET plus

montelukast for the treatment of children with EA.[25] Its results
demonstrated that ET could decrease bronchial responsiveness to
methacholine. It suggested that the combination of ET and
montelukast provided beneficial action in children with MA.
However, that study focused only on Italy children, and also had
a relative small sample size, and did not evaluate the clinical
symptoms and QoL in children with MA.
The results of the present study are partly consistent with the

previous study.[25] In the present study, the findings showed that



Table 1

Comparison of baseline characteristics.

Characteristics Treatment group (n=36) Control group (n=36) P

Age, y: mean (±SD) 6.9 (2.3) 7.1 (2.7) .74
Sex, n (%)
Boy 22 (61.1) 20 (55.6) .63
Girl 14 (38.9) 16 (44.4) �

Race, Asian (Chinese), n (%)
Han ethnicity 33 (91.7) 31 (86.1) .46
Hui ethnicity 3 (8.3) 5 (13.9) �

Asthma history, n (%) 34 (94.4) 32 (88.9) .40
Family history of asthma, n (%) 29 (80.6) 26 (72.2) .41
Cough duration (week), mean (±SD) 0.7 (0.2) 0.6 (0.4) .18
Clinical assessment score, mean (±SD)
Wheeze 0.89 (0.51) 0.92 (0.58) .82
Activity 0.91 (0.44) 0.94 (0.50) .79
Cough 0.87 (0.41) 0.84 (0.47) .77
Sleep 0.85 (0.39) 0.88 (0.43) .76

FEV1 (% predicted) 89.7 (3.3) 90.7 (2.9) .17
FEV1 /FVC (%) 80.1 (1.4) 80.7 (1.5) .08
PADQLQ 0.94 (0.12) 0.99 (0.14) .10

FEV1/FVC= ratio between FEV1 and forced vital capacity, FEV1= forced expiratory volume in 1 second, PADQLQ=Paediatric Allergic Disease Quality of Life Questionnaire scores, SD= standard deviation.

Figure 1. Flowchart of patient selection during the study.
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Table 2

Comparison of secondary endpoints at the end of 6-week treatment and 2-week follow-up.

6-week treatment 2-week follow-up

Secondary endpoints Treatment group (n=36) Control group (n=36) P Treatment group (n=36) Control group (n=36) P

Clinical assessment score
Wheeze 0.48 (0.27) 0.59 (0.30) <.01 0.50 (0.26) 0.63 (0.29) <.01
Activity 0.53 (0.25) 0.65 (0.29) <.01 0. 52 (0.28) 0.66 (0.30) <.01
Cough 0.45 (0.26) 0.57 (0.21) <.01 0.47 (0.29) 0.60 (0.24) <.01
Sleep 0.40 (0.23) 0.55 (0.27) <.01 0.42 (0.26) 0.56 (0.21) <.01

PADQLQ 0.51 (0.14) 0.68 (0.17) <.01 0.53 (0.14) 0. 65 (0.16) <.01

Data are present as mean± standard difference; PADQLQ=Paediatric Allergic Disease Quality of Life Questionnaire scores.

Table 3

Comparison of primary endpoint at the end of 6-week treatment and 2-week follow-up.

6-week treatment 2-week follow-up

Primary endpoint Treatment group (n=36) Control group (n=36) P Treatment group (n=36) Control group (n=36) P

FEV1 (% predicted) 91.2 (3.5) 91.4 (3.3) .80 91.4 (3.2) 91.7 (3.4) .70
FEV1/FVC (%) 80.6 (1.6) 80.3 (1.7) .44 80.8 (1.5) 80.5 (1.6) .41

Data are present as mean± standard difference; FEV1= forced expiratory volume in 1 second, FEV1/FVC= ratio between FEV1 and forced vital capacity.
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ET as an adjunctive therapy to the montelukast can
significantly relieve the clinical symptoms and also can improve
the QoL in patients with EA, except no significant differences in
lung function were found between 2 groups. It may be because
the duration of this study was not long enough to present the
positive results for this therapy with only 6 weeks treatment.
The results of this study indicated that ET as an adjunctive
therapy to the montelukast may still benefit for children
with MA.
The present study has several drawbacks. First, the sample size

was still quite small in this study, which may impact its results.
Second, the duration of this study may be insufficient to show the
better promising efficacy for ET plus montelukast. Thus, future
studies should extend their treatment duration to further warrant
the results of this study. Third, although this study is a RCT
study, the investigators and patients were not blinded, except the
outcome assessors and data analyst, which may impact the
patient selection in this study. The further studies should avoid
these drawbacks.
5. Conclusion

The findings of this study showed that ET as an adjunctive
therapy to the montelukast may benefit for children with EA after
6-week treatment. More studies with longer treatment duration
are still needed to warrant the results of the present study.
Table 4

Comparison of adverse events between 2 groups.

Safety Treatment group (n=36) Control group (n=36) P

Anorexia 3 (8.3) 5 (13.9) .46
Headache 4 (11.1) 3 (8.3) .69
Insomnia 1 (2.8) 2 (5.6) .56
Anxiety 2 (5.6) 3 (8.3) .65
Nausea 2 (5.6) 4 (11.1) .40

Data are present as mean± standard deviation.

4

Author contributions

Conceptualization: Yan-feng Zhang, Lin-dong Yang.
Data curation: Yan-feng Zhang, Lin-dong Yang.
Formal analysis: Yan-feng Zhang.
Investigation: Lin-dong Yang.
Methodology: Yan-feng Zhang.
Resources: Yan-feng Zhang, Lin-dong Yang.
Software: Yan-feng Zhang.
Validation: Yan-feng Zhang, Lin-dong Yang.
Visualization: Yan-feng Zhang, Lin-dong Yang.
Writing – original draft: Yan-feng Zhang, Lin-dong Yang.
Writing – review & editing: Yan-feng Zhang, Lin-dong Yang.
References

[1] Quirt J, Hildebrand KJ, Mazza J, et al. Asthma. Allergy Asthma Clin
Immunol 2018;14(Suppl 2):50.

[2] Abrams EM, Becker AB, Szefler SJ. Current state and future of biologic
therapies in the treatment of asthma in children. Pediatr Allergy Immunol
Pulmonol 2018;31:119–31.

[3] Tesse R, Borrelli G, Mongelli G, et al. Treating pediatric asthma
according guidelines. Front Pediatr 2018;6:234.

[4] Szefler SJ, Chipps B. Challenges in the treatment of asthma in children
and adolescents. Ann Allergy Asthma Immunol 2018;120:382–8.

[5] Simpson EL, Hanifin JM. Atopic dermatitis. J Am Acad Dermatol
2005;53:115–28.

[6] Leung R, Wong G, Lau J, et al. Prevalence of asthma and allergy in
Hong Kong schoolchildren: an ISAAC study. Eur Respir J 1997;10:
354–60.

[7] Li F, Zhou Y, Li S, et al. Prevalence and risk factors of childhood allergic
diseases in eight metropolitan cities in China: a multicenter study. BMC
Public Health 2011;11:437.

[8] Hon KL, Nelson EA. Gender disparity in paediatric hospital admissions.
Ann Acad Med Singapore 2006;35:882–8.

[9] Yangzong Y, Shi Z, Nafstad P, et al. The prevalence of childhood asthma
in China: a systematic review. BMC Public Health 2012;12:860.

[10] Trevor J, Antony V, Jindal SK. The effect of biomass fuel exposure on the
prevalence of asthma in adults in India—review of current evidence. J
Asthma 2014;51:136–41.

[11] Varmaghani M, Farzadfar F, Sharifi F, et al. Prevalence of asthma,
COPD, and chronic bronchitis in Iran: a systematic review and meta-
analysis. Iran J Allergy Asthma Immunol 2016;15:93–104.



[12] Bhuia MR, Nwaru BI, Weir CJ, et al. Models for estimating and [23] Zazzali JL, Broder MS, Omachi TA, et al. Risk of corticosteroid-related

Zhang and Yang Medicine (2019) 98:2 www.md-journal.com
projecting global, regional and national prevalence and disease burden of
asthma: protocol for a systematic review. BMJ Open 2017;7:e015441.

[13] Alavinezhad A, Boskabady MH. The prevalence of asthma and related
symptoms in Middle East countries. Clin Respir J 2018;12:865–77.

[14] Mohamed Hussain S, Ayesha Farhana S, Mohammed Alnasser S. Time
trends and regional variation in prevalence of asthma and associated
factors in Saudi Arabia: a systematic review and meta-analysis. Biomed
Res Int 2018;2018:8102527.

[15] Mirzaei M, Karimi M, Beheshti S, et al. Prevalence of asthma among
Middle Eastern children: asystematic review. Med J Islam Repub Iran
2016;31:9.

[16] Zheng XY, Xu YJ, Guan WJ, et al. Regional, age and respiratory-
secretion-specific prevalence of respiratory viruses associated with
asthma exacerbation: a literature review. Arch Virol 2018;163:845–53.

[17] Chipps BE. Asthma in infants and children. Clin Cornerstone 2008;8:
44–61.

[18] Chauhan BF, Ducharme FM. Anti-leukotriene agents compared to
inhaled corticosteroids in the management of recurrent and/or chronic
asthma in adults and children. Cochrane Database Syst Rev 2012;5:
CD002314.

[19] Watts K, Chavasse RJ. Leukotriene receptor antagonists in addition to
usual care for acute asthma in adults and children. Cochrane Database
Syst Rev 2012;5:CD006100.

[20] Kew KM, Quinn M, Quon BS, et al. Increased versus stable doses of
inhaled corticosteroids for exacerbations of chronic asthma in adults and
children. Cochrane Database Syst Rev 2016;6:CD007524.

[21] Normansell R, Sayer B, Waterson S, et al. Antibiotics for exacerbations
of asthma. Cochrane Database Syst Rev 2018;6:CD002741.

[22] Pinto CR, Lemos AC, de Alcantara AT, et al. Systemic adverse events
from inhaled corticosteroids self-reported by asthma patients: a “real-
life” cross sectional study. Rev Port Pneumol 2016;22:243–5.
5

adverse events in asthma patients with high oral corticosteroid use.
Allergy Asthma Proc 2015;36:268–74.

[24] Dai L, Huang Y, Wang Y, et al. Serious systemic adverse events
associated with allergen-specific immunotherapy in children with
asthma. Zhongguo Dang Dai Er Ke Za Zhi 2014;16:58–61.

[25] Bonsignore MR, La Grutta S, Cibella F, et al. Effects of exercise training
and montelukast in children with mild asthma. Med Sci Sports Exerc
2008;40:405–12.

[26] Hsu CH, Lu CM, Chang TT. Efficacy and safety of modified Mai-Men-
Dong-Tang for treatment of allergic asthma. Pediatr Allergy Immunol
2005;16:76–81.

[27] Dockery DW, Berkey CS, Ware JH, et al. Distribution of forced vital
capacity and forced expiratory volume in one second in children 6 to 11
years of age. Am Rev Respir Dis 1983;128:405–12.

[28] Miller MR, Hankinson J, Brusasco V, et al. Standardisation of
spirometry. Eur Respir J 2005;26:319–38.

[29] Ng DK, Wong KC, Chan CH, et al. Development of the Chinese version
of the Paediatric Allergic Disease Quality of Life Questionnaire:
reliability and validity. Hong Kong Med J 2011;17:460–4.

[30] Liebke C, Sommerfeld C, Wahn U, et al. Preventive monotherapy with
montelukast versus DNCG in children with mild asthma. Results of an
exploratory pilot study. Pneumologie 2001;55:231–7.

[31] Ghosh G, Manglik AK, Roy S. Efficacy and safety of montelukast as
monotherapy in children with mild persistent asthma. Indian Pediatr
2006;43:780–5.

[32] Amirav I. Real-life effectiveness of Singulair (montelukast) in 506
children with mild to moderate asthma. Isr Med Assoc J 2008;10:
287–91.

[33] WuWF, Wu JR, Dai ZK, et al. Montelukast as monotherapy in children
with mild persistent asthma. Asian Pac J Allergy Immunol 2009;27:
173–80.

http://www.md-journal.com

	Exercise training as an adjunctive therapy to montelukast in children with mild asthma
	1 Introduction
	2 Methods
	2.1 Ethical approval
	2.2 Sample size
	2.3 Design
	2.4 Randomization, allocation, and blinding
	2.5 Inclusion and exclusion criteria
	2.5.1 Inclusion criteria
	2.5.2 Exclusion criteria

	2.6 Intervention
	2.7 Endpoint assessments
	2.8 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Author contributions
	References


