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Pranlukast reduces asthma exacerbations during 
autumn especially in 1- to 5-year-old boys
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Background: Leukotriene receptor antagonists have been used to prevent virus-induced asthma exacerbations in autumn. Its 
efficacy, however, might differ with age and sex. 
Objective: This study aimed to investigate whether pranlukast added to usual asthma therapy in Japanese children during autumn, 
season associated with the peak of asthma, reduces asthma exacerbations. It was also evaluated the effect of age and sex on 
pranlukast’s efficacy.
Methods: A total of 121 asthmatic children aged 1 to 14 years were randomly assigned to receive regular pranlukast or not according 
to sex, and were divided in 2 age groups, 1–5 years and 6–14 years. The primary outcome was total asthma score calculated during 
8 weeks by using a sticker calendar related to the days in which a child experienced a worsening of asthma symptoms. This open 
study lasted 60 days from September 15 to November 14, 2007.
Results: Significant differences in pranlukast efficacy were observed between sex and age groups. Boys aged 1 to 5 years had 
the lower total asthma score at 8 weeks (p = 0.002), and experienced fewer cold episodes (p = 0.007). There  were no significant 
differences between pranlukast and control group in total asthma score at 8 weeks (p = 0.35), and in the days in which a child 
experienced a worsening of asthma symptoms (p = 0.67).
Conclusion: There was a substantial benefit of adding pranlukast to usual therapy in asthmatic children, especially in boys aged 1 to 
5 years, during autumn season.
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INTRODUCTION

Prevalence of asthma in developed countries is high, 
asthma exacerbations are associated with an increased rate of 
hospitalizations and account for a substantial burden of social 
morbidity and economic costs [1]. Asthma exacerbations have 
been reduced by regular treatment with inhaled corticosteroids 
(ICS) or in combination with ICS/long-acting β2-agonists (LABAs). 
However, the regular treatment with ICS has shown to be 
ineffective in the treatment of asthma episodes induced by viral 
infection [2]. Viral infections have been identified as the most 
frequent triggers of exacerbations in children and adults [3, 4]. 
These viral-induced asthma exacerbations in children, especially 
during September, have been reported in several countries [5]. 
Therefore, prevention of viral-induced asthma exacerbations 
need a dif ferent assessment and treatment. Leukotriene 
receptor antagonists (LTRAs) have been demonstrated to 
prevent respiratory viral-induced asthma exacerbations in 
children [6-8]. Differences in this efficacy, however, were shown 
to be related to age and sex in Johnston et al. [7]’s study in a 
Canadian population, which demonstrated a greater benefit 
from montelukast administration especially on boys aged 2 to 5 
years than in older boys, whereas there was nonsignificant effect 
in younger girls. Although these differences in efficacy may be 
dependent on asthma phenotypes [9], it is not known whether 
LTRAs efficacy is influenced or not according to age, sex, or 
asthma phenotypes in different geographical area and races.

Thus, the present study investigated whether pranlukast, 
a LTRA added to usual therapy of asthmatic children reduces 
exacerbations during autumn season in a Japanese population, 
and focused on the differences in pranlukast’s efficacy according 
to age and sex.

MATERIALS AND METHODS

Study design
This was a randomized, open study conducted at multiple 

clinical sites in Chiba, Japan. This investigation was approved by 
the Research Ethics Board of Chiba University, Chiba (approval 
number: 631). Written informed consent was obtained from 
parents of all the subjects and child assent when appropriate.

Setting and participants

Study participants were recruited between July and August 
2007 through advertising and from clinical practices in Chiba, 
Japan. Asthma was diagnosed by primary care doctors based 
on the Japanese pediatric guidelines for the treatment and 
management of bronchial asthma 2005 [10]. Entry criteria 
included children 1 to 14 years old, physician-diagnosed 
asthma needing a rescue inhaler in the last year, with a history 
of asthma exacerbations associated with apparent respiratory 
viral infections. Patients who had been treated with LTRA were 
included after 14-day washout period. Exclusion criteria were 
children who had significant cardiorespiratory comorbidity, were 
using regular oral corticosteroid, or had an asthma exacerbation 
in the month before treatment with pranlukast started. Clinical 
history, demographic, and current-therapy information was 
obtained at recruitment by using a questionnaire.

Randomization
After enrollment in August, participants were randomly 

assigned to a pranlukast group and control group according 
to sex, within age groups 1–5 and 6–14 years. In the pranlukast 
group, participants were instructed to take pranlukast (7 mg/
kg), twice daily, in addition to their usual asthma therapy. In the 
control group, participants did not take additional medicine 
including placebo. Patients who had respiratory symptoms 
and/or problems with diary recording during observation were 
excluded from the study. 

Measurement of asthma status and cold episodes
We prepared a calendar (Supplemental material) for the period 

September 15 to November 14, 2007, with a supply of blue, green, 
yellow, orange, red and purple stickers, 1 of each color printed 
with the date of each study day, similar as Johnston et al. [7]’s 
report.

We evaluated asthma status by 2 indices, “total asthma score” 
and “number of days with worse asthma symptoms” by using 
the stickers. Total asthma score in this study was evaluated as 
follows, a blue sticker (score, 0) was applied on days when a child 
had no asthma symptoms; a green sticker (score, 1) indicated 
mild asthma symptoms; a yellow sticker (score, 2) indicated 
symptoms that were worse than usual or needed extra asthma 
medication, and an orange sticker (score, 3) was applied if a child`s 
breathing symptoms required an unscheduled visit to a physician 
or treatment with oral corticosteroids. Days with worse asthma 
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symptoms were defined as those with either an orange or yellow 
sticker. 

We also evaluated cold episodes, days with cold symptoms 
and those with fever. A purple sticker was applied on days that a 
child had symptoms of a cold, and a red sticker was applied on 
days that a child had a fever > 38°C. A “cold” was defined by the 
presence of >2 consecutive purple stickers indicating days with 
cold symptoms. At least 5 days with no cold symptoms were 
required before a subsequent new cold was identified.

Frequency of use of asthma medications, such as ICS, 
short-acting and long-acting β2-agonists was obtained by 
questionnaire. Calendars were returned by participants and 
reported stickers were verified. The stickers were also useful 
to verify the adherence to treatment. Questionnaire data were 
double-entered by different operators.

Outcomes
The primary outcome was total asthma score during 8 weeks, 

calculated by daily stickers. The secondary outcomes were days 
with worse asthma symptoms, number of colds, and days with 
fever. We also evaluated these outcomes according to sex, and 
age groups 1–5 and 6–14 years.

Statistical analysis
The combined numbers of yellow and orange calendar stickers 

for each child, irrespective of whether cold symptoms (purple 
sticker) were present, was expressed as a percentage of the total 
blue, green, yellow, orange stickers applied for each child. Mann-

Whitney test was used to compare overall rankings between 
treatment with or without pranlukast and was stratified according 
to age group and sex.

Comparisons of the baseline characteristics of the study 
groups, the secondary outcome of unscheduled physician visits, 
and cold frequencies were conducted by using chi-square and 
Mann-Whitney U-test. Multiple regression analysis was used to 
examine the relationship between age and sex, pranlukast and 
ICS in total asthma score, and the number of cold episodes. All 
statistical analyses were conducted using SPSS ver. 11.0 (SPSS Inc., 
Chicago, IL, USA). The threshold for significance was p < 0.05.

RESULTS

Study subjects
In August 2007, two hundred four children with asthma were 

enrolled and randomly assigned to pranlukast or control group 
(each 102 subjects). Forty-three children assigned to pranlukast 
group and 30 children assigned to control group were excluded 
because of respiratory symptoms and/or insufficient diary 
recording during observation period, and finally 121 children 
(59 in pranlukast group and 72 in control) started the study 
from September 15. Eight subjects in pranlulast and 2 subjects 
in control were excluded because of poor compliance and/or 
insufficient diary recording by caregivers, 51 subjects in pranlulast 
group and 70 subjects in control group were eligible for the 
final analyses (Fig. 1). There were no clinically important baseline 

Enrollment
n = 204

Randomization

Control
n = 102

n = 30n = 43

n = 8 n = 2

Control
n = 72

Study period
(September 15 to November 14, 2007) 

Eligible for analysis
n = 70

Eligible for analysis
n = 51

Pranlukast
n = 59

Pranlukast
n = 102

Excluded because of poor compliance and/or 
insu�cient diary recording by caregivers

Excluded because of respiratory symptoms and/or insu�cient
diary recording by caregivers during observation period

Fig. 1. Patients flow diagram.
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differences between groups according to medical history or 
prescribed asthma treatments (Table 1). Fifty-four percent 
(54%) of children were prescribed ICS. There were no children 
prescribed with a combination product (ICS with LABA).

Compliance
Total number of daily asthma symptom-calendar stickers 

among pranlukast and control groups  was shown in Table 2. A 

total of 7,359 (99.7%) of a possible 7,381 daily stickers were applied 
during the study. 5 days were left blank by children on pranlukast 
and 16 by children on the control group. Compliance with the 
therapy was 99.8% for pranlukast and 99.6% for control group.

Adverse events
There were no children who discontinued study medication 

because of adverse events.

Table 1. Subject demographics

Variable
Pranlukast (n=51) Control (n=70)

p-value
Boys (n = 32) Girls (n = 19) Boys (n = 44) Girls (n = 26)

Age (yr)

1–5 19 14 23 16 0.905

6–14 13 5 21 10 0.743

Family allergy history 15 7 18 13 0.454

Inhaled corticosteroids  17 10 20 19 0.347

Table 2. Total number of daily asthma symptom-calendar stickers among children given pranlukast compared to controls according to age group and sex

Age group (yr)
Pranlukast Control

Girls 
(n = 19)

Boys 
(n = 32)

Boys and girls 
(n = 51)

Girls 
(n = 26)

Boys 
(n = 44)

Boys and girls 
(n = 70)

1–5 (n = 72) n = 14 n = 19 n = 33 n = 16 n = 23 n = 39

Blue 767 (89.8) 1,118 (97.0) 1,885 (93.9) 876 (89.9) 1,162 (83.3) 2,038 (86.0)

Green 52 (6.1) 28 (2.4) 80 (4.0) 65 (6.7) 153 (11.0) 218 (9.2)

Yellow 33 (3.9) 7 (0.6) 40 (2.0) 31 (3.2) 77 (5.5) 108 (4.6)

Orange 2 (0.2) 0 (0) 2 (0.1) 2 (0.2) 3 (0.2) 5 (0.2)

Total 854 1,153 2,007 974 1,395 2,369

6–14 (n = 49) n = 5 n = 13 n = 18 n = 10 n = 21 n = 31

Blue 251 (82.3) 767 (96.7) 1,018 (92.7) 571 (93.6) 1,235 (96.9) 1,806 (95.8)

Green 33 (10.8) 11 (1.4) 44 (4.0) 37 (6.1) 28 (2.2) 65 (3.4)

Yellow 21 (6.9) 14 (1.8) 35 (3.2) 2 (0.3) 11 (0.9) 13 (0.7)

Orange 0 (0) 1 (0.1) 1 (0.1) 0 (0) 1 (0.1) 1 (0.1)

Total 305 793 1,098 610 1,275 1,885

All ages (n=121) n = 19 n = 32 n = 51 n = 26 n = 44 n = 70

Blue 1,018 (87.8) 1,885 (96.9) 2,903 (93.5) 1,447 (91.4) 2,397 (89.8) 3,844 (90.4)

Green 85 (7.3) 39 (2.0) 124 (4.0) 102 (6.4) 181 (6.8) 283 (6.7)

Yellow 54 (4.7) 21 (1.1) 75 (2.4) 33 (2.1) 88 (3.3) 121 (2.8)

Orange 2 (0.2) 1 (0.1) 3 (0.1) 2 (0.1) 4 (0.1) 6 (0.1)

Total 1,159 1,946 3,105 1,584 2,670 4,254

Blue indicates no asthma symptoms; green, usual asthma symptoms; yellow, asthma symptoms worse than usual or needed extra asthma medication; 
orange, child’s breathing symptoms required an unscheduled physician visit or administration of oral corticosteroid.
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Univariate analysis

Outcomes

There were no differences in total asthma score on 8 weeks of 
treatment between pranlukast and control groups (p = 0.35), and 
in the number of days with worse asthma symptoms (p = 0.67) 
(Fig. 2). Fig. 3 shows a tendency of higher number of colds in the 
control group compared to the pranlukast group (p = 0.06), and 
children taking pranlukast experienced fewer days with fever 
compared with control group (p = 0.04).

Outcomes according to age and sex

There were significant differences in the effect of pranlukast 
on asthma morbidity between sex and age groups. Among 1- to 
5-year-old boys, in comparison to controls, pranlukast group had 
lower total asthma score on 8 weeks (p < 0.01), and experienced 
fewer number of colds (p <0.01) (Fig. 4). 

Multivariable analysis

Total asthma score
Significant differences in the multiple regression analysis were 
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observed when evaluated the effect of pranlukast on age and sex 
(Table 3). In boys, pranlukast reduced significantly total asthma 
score among 1- to 5-year-olds (p = 0.010), but did not reduce it 
among 6- to 14-year-olds. On the other hand, in girls pranlukast 
did not affect total asthma score among 1- to 5-year-olds, but 
increased total asthma score among 6- to 14-year-olds (p = 0.027)

 
Number of colds

Sixty cold episodes were reported in the pranlukast group 
and 107 cases in the control group. A significant reduction in the 
number of cold episodes was observed in 1- to 5-year-old boys 
who were treated with pranlukast (p < 0.001) (Table 4).

DISCUSSION

This study demonstrated that pranlukast administration was 

associated with the reduction of asthma exacerbations in autumn 
especially in 1- to 5-year-old boys. Moreover, this population 
of children required less number of unscheduled visits to a 
physician. On the contrary, pranlukast had no significant effect 
in reducing asthma symptoms in 6- to 14-year-olds, in both boys 
and girls. In general, participants taking pranlukast had lower 
number of cold episodes and fever days, and using ICS or not did 
not affect the results.

Pranlukast reduced total asthma score in young asthmatic 
boys, but not in girls. These results are congruent with those 
reported by Johnston et al. [7]. In contrast, it was also found 
pranlukast did not reduce total asthma score in 6- to 14-year-
old girls, this finding is different from Johnston et al. [7]’s report. 
In their study, it was shown LTRAs reduced asthma symptoms in 
6- to 14-year-old girls. This difference may come from the small 
numbers of older girls entry in our study (n = 15), and 3 of 5 older 
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Table 4. Multiple regression analysis for the effect of pranlukast on number of colds stratified by age and sex 

Factor　 Partial regression coefficient 95% CI p-value

Total population (n=121)

Inhaled corticosteroids -0.113 -0.481 to 0.256 0.546

Pranlukast -0.355 -0.727 to 0.016 0.061

Boys

1–5 years (n = 42)

Inhaled corticosteroids 0.042 -0.595 to 0.679 0.893 

Pranlukast -0.850 -1.483 to -0.216 0.010*

6–14 years (n = 34)

Inhaled corticosteroids 0.021 -0.593 to 0.635 0.945 

Pranlukast 0.220 -0.406 to 0.847 0.479

Girls 

1–5 years (n = 30)

Inhaled corticosteroids -0.261 -1.054 to 0.532 0.505

Pranlukast -0.486 -1.265 to 0.292 0.211

6–14 years (n = 15)

Inhaled corticosteroids 0.214 -1.014 to 1.442 0.710

Pranlukast -0.557 -1.709 to 0.595 0.313

CI, confidence interval.
*p < 0.05 statistically significant.

Table 3. Multiple regression analysis for the effect of pranlukast on total asthma score stratified by sex and age

Factor Partial regression coefficient 95% CI p-value

Total population (n = 121)

Inhaled corticosteroids -4.148 -8.602 to 0.305 0.068 

Pranlukast -2.323 -6.814 to 2.168 0.308 

Boys

1–5 years (n = 42)

Inhaled corticosteroids -4.121 -12.267 to 4.025 0.313 

Pranlukast -10.793 -18.892 to -2.694 0.010*

6–14 years (n = 34)

Inhaled corticosteroids -0.346 -4.282 to 3.589 0.859 

Pranlukast 0.696 -3.326 to 4.717 0.727 

Girls 

1–5 years (n = 30)

Inhaled corticosteroids -11.450 -23.182 to 0.281 0.055 

Pranlukast -1.602 -13.123 to 9.918 0.778 

6–14 years (n = 15)

Inhaled corticosteroids 12.571 0.217 to 24.926 0.047*

Pranlukast 13.414 1.824 to 25.004 0.027*

CI, confidence interval.
*p < 0.05 statistically significant.
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girls in the pranlukast group had asthma exacerbation during the 
study period. Multiple regression analysis showed that taking not 
only pranlukast but also ICS increased total asthma score in older 
girls.

It is difficult to explain the difference in effectiveness of LTRAs 
by age and sex, although there are some reports that correlated 
the effectiveness of LTRAs with single nucleotide polymorphisms 
in different races [11, 12]. In regard to the effect of age, some 
reports showed LTRAs was effective to viral induced asthma 
exacerbations especially in a lower age, Bisgaard et al. [6] reported 
montelukast reduces asthma exacerbations induced by viral 
infection in 2- to 5-year-old children with intermittent asthma. 
Robertson et al. [8] reported that for children with intermittent 
asthma, a course of parent-initiated montelukast at the onset 
of an upper respiratory tract infection or asthma symptoms 
results in a modest reduction in health care resource utilization 
symptoms. In the present study, the number of cold episodes 
was lower in 1- to 5-year-old children given pranlukast in addition 
to regular therapy, compared to 6- to 14-year-old children. It 
seems the age-related difference in the effect of pranlukast was 
affected by the number of cold episodes. These viral infections 
that induced asthma exacerbations, have been shown to have a 
different sex response [13]. This result may represent differences 
in pranlukast’s efficacy according to age and sex in younger 
children. However, it could not explain the differences observed 
in older girls. 

In 1- to 5-year-old boys, pranlukast group had better score, 
and less number of cold episodes than the control group. In 
6- to 14-year-old girls, pranlukast group had a higher, but not 
significant asthma score, and similar number of cold episodes 
compared to control group. There has been little evidence LTRA 
reduced the number of upper respiratory infections. Kozer et 
al. [14] reported montelukast did not reduce the severity and 
opportunity of upper respiratory tract infection in 1- to 5-year 
healthy children. On the other hand, Horiguchi et al. [15] reported 
that LTRA reduced the symptoms of cold in adult asthma. 
Respiratory infections with rhinovirus and respiratory syncytial 
virus are associated with recurrent wheezing illness [16, 17], 
and increased local leukotriene C4 levels [18]; by inhibiting this 
leukotriene increase, LTRAs might reduce the symptoms of cold, 
but not the onset of cold, although this mechanism is not well 
elucidated. 

Both, our study and Johnston et al.’s report demonstrated 1- 
to 5-year-old boys given LTRAs in addition to regular therapy 

had less total asthma score and less number of cold episodes 
during the annual autumn asthma epidemic period; therefore, 
LTRAs have a special effect on a particular subgroup of childhood 
asthma, which should be studied further.

The limitations of this study included the open label design, 
and the small number of older girls. Nonetheless, the present 
study suggests that LTRAs reduces asthma symptoms in 1- to 
5-year-old asthmatic Japanese boys, and additional studies are 
needed to evaluate these findings. 

In conclusion, the present investigation showed pranlukast’s 
efficacy differs according to age and sex. Addition of pranlukast 
to regular treatment during autumn is effective especially in 
young asthmatic boys.

SUPPLEMENTARY MATERIAL
Supplementary material can be found via http://www.

apallergy.org/src/sm/apallergy-7-10-s001.pdf.
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