
The effect of montelukast on lung function

and exhaled nitric oxide in infants with early

childhood asthma
D.A. Straub*, A. Moeller*, S. Minocchieri*, J. Hamacher#, F.H. Sennhauser*,
G.L. Hall* and J.H. Wildhaber*

ABSTRACT: Effective treatment of respiratory symptoms, airway inflammation and impairment of

lung function is the goal of any asthma therapy. Although montelukast has been shown to be a

possible add-on therapy for anti-inflammatory treatment in older children, its efficacy in infants

and young children is not well known. The aim of this study was to investigate its effect in infants

and young children with early childhood asthma.

In a prospective randomised double-blind placebo-controlled study, 24 young children (10–26

months) with wheeze, allergy and a positive family history of asthma consistent with the diagnosis

of early childhood asthma were randomised to receive montelukast 4 mg or placebo. The forced

expiratory volume in 0.5 seconds (FEV0.5) was measured using the raised volume rapid thoracic

compression technique, and fractional exhaled nitric oxide (FeNO) and symptom scores were

determined.

No change was noted in FEV0.5, FeNO or symptom score in the placebo group following the

treatment period. In contrast, significant improvements in mean¡SD FEV0.5 (189.0¡37.8 and

214.4¡44.9 mL before and after treatment, respectively), FeNO (29.8¡10.0 and 19.0¡8.5 ppb)

and median symptom score (5.5 and 1.5) were noted following treatment with montelukast.

In conclusion, montelukast has a positive effect on lung function, airway inflammation and

symptom scores in very young children with early childhood asthma.
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D
espite the improvement in diagnostic
procedures and the availability of effi-
cient anti-inflammatory drugs, the treat-

ment of young children suffering from recurrent
episodes of wheeze is still unsatisfactory. This
may be explained by the heterogeneity of causes
of recurrent wheeze in this age group. Although
many children suffer from recurrent episodes of
wheeze in early childhood, the majority of early
recurrent wheezers suffer from transient illness
(transient wheezers), and only a small number of
infants with recurrent wheeze in early childhood
(persistent wheezers) develop asthma in later
life [1].

It may well be that only young children with
persistent wheeze respond to and benefit from
anti-inflammatory asthma therapy. Therefore, it
would be important to distinguish infants with
persistent wheeze from those with transient
wheeze.

Another potential explanation for the lack
of response of wheezing episodes to inhaled

treatment in this young age group is the difficulty
of drug administration. The low level of cooper-
ation in this age group may lead to decreased
compliance, and, in those children in whom
compliance is good, there may be decreased lung
deposition, causing a marginal effect of this kind
of treatment [2]. It has been found that, with very
high doses of inhaled or systemic anti-inflamma-
tory treatments, a response can be achieved in
recurrent wheezers [3]. Montelukast (SingulairH)
is considered to be a potential alternative or add-
on for anti-inflammatory treatment in older
children with asthma. Owing to its easy and
uncomplicated oral administration, montelukast
may be advantageous over inhaled steroids in the
treatment of young children.

Early diagnosis of children suffering from early
childhood asthma is desirable in order to mini-
mise asthma exacerbations and prevent potential
chronic lung function abnormalities. Today, early
diagnosis is often based on clinical history,
physical examination and nonspecific laboratory
tests. Based on the work of MARTINEZ et al. [1],
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family history of asthma and detection of allergies may be
helpful in diagnosis. Since the mid-1990s, new diagnostic
procedures have been developed. In particular, fractional
exhaled nitric oxide (FeNO) has been demonstrated to be a
reliable marker of airway inflammation and to serve as an
additional noninvasive diagnostic tool for airway inflamma-
tion in association with asthma [4, 5]. FeNO is elevated in
asthmatic compared with healthy children [4–6] and reduced
during anti-inflammatory therapy [7–11]. FeNO can be mea-
sured even in early childhood [12].

Montelukast, a leukotriene (LT) receptor antagonist, acts on
LTC4, LTD4 and LTE4, and, therefore, on airway inflammation
and bronchoconstriction. LTC4, LTD4 and LTE4 play an
integral role in the pathophysiology of asthma. In addition to
functioning as potent bronchoconstrictors, these mediators
contribute to the airway inflammation by increasing airway
blood flow and vascular permeability, allowing the exudation
of plasma macromolecules and contributing to the airway
oedema that characterises asthma and induces mucus secretion
[13–15]. The LT receptor antagonist montelukast is known to
have a protective effect against bronchoconstriction [16]. In
clinical studies, this effect has been confirmed in terms of
exercise- and allergen-induced bronchoconstriction in adults,
as well as in children [17–20]. Furthermore, many studies
demonstrate the effectiveness of montelukast, but there are no
studies addressing the improvement of lung function in
treated infants and young children.

Montelukast is effective and safe [18, 21, 22], and registered for
use in adults and children aged .6 months. Although some
studies have demonstrated a positive effect on markers of
airway inflammation [9, 18, 20, 23, 24], namely FeNO and levels
of sputum eosinophils and eosinophil cationic protein, others
have not [25]. Montelukast is orally administered once daily
and is therefore easy to apply. In contrast to inhalation therapy,
oral application has the advantage of quantifiable drug
deposition, especially in young children. Therefore, it is
supposable that montelukast could be an effective therapy in
early childhood asthma.

The aim of the present study was to investigate the therapeutic
effect of montelukast in a well-defined group of very young
children with recurrent wheeze and a positive family history of
asthma and allergy, and, therefore, most likely to represent the
group of persistent wheezers.

METHODS
Subjects
The Division of Respiratory Medicine (University Children’s
Hospital Zurich, Zurich, Switzerland) is attended by 600–700
children aged ,5 yrs with a history of wheezing each year. Of
these, all infants with a history of recurrent wheeze, proven
allergy (positive skin-prick test or radioallergosorbent test
(class .1) result) to food and/or inhaled allergens, elevated
FeNO (.15 ppb) and a positive family history of asthma were
asked to participate in the study. Over 12 months, 24 children
(13 male), mean age 17 months (range 10–26 months), were
recruited. A total of 13 infants were on inhaled bronchodilators
(salbutamol or terbutaline sulphate) prior to the study; this
therapy was stopped o24 h prior to the first test. None of the
children was on any anti-inflammatory treatment.

Study design
The young children were randomised to two groups: a
treatment group receiving montelukast (SingulairH; Merck &
Co. Inc., Whitehouse Station, NJ, USA) 4 mg daily, and a
placebo group receiving one placebo tablet daily. Before (visit
1) and after 4 weeks of treatment (visit 2), lung function tests
and FeNO measurements were performed. The Specialised
Subcommittee of the Committee of Ethics of the University
Children’s Hospital Zurich approved the study and written
informed consent was obtained from the parents.

Lung function measurements
Forced expiratory volumes were measured by the raised
volume rapid thoracic compression technique using the
Mobile Infant Respiratory Lung Function Laboratory
(EcoMedics, Dürnten, Switzerland). This technique has been
described previously by TURNER et al. [26]. All children were
examined asleep in the supine position following an oral or
rectal dose of chloral hydrate (70–100 mg?kg body weight-1).
During three consecutive cycles, lung volume was manually
raised to an inflation pressure of 2 kPa. After the first and
second inflation, the infants expired passively. Following the
third inflation, forced expiration was initiated by compressing
the chest and abdomen with a rapidly inflatable jacket at end-
inspiration. Flow was measured using an ultrasonic flow meter
(SpirosonH; EcoMedics), and mouth pressure was measured at
a side-port of the face-mask connector. All signals were
collected and analysed by computer with data acquisition
and analysis software (SpiroWareH; EcoMedics) in order to
calculate the forced expiratory volume by digital integration of
flow. The forced expiratory volume in 0.5 seconds (FEV0.5) was
reported as the mean of three measurements of good quality.

Exhaled nitric oxide measurements
FeNO was measured using the single-breath positive expiratory
pressure technique [12]. This technique has previously been
shown to allow repeated measurements with a good coefficient
of repeatability (5.1 ppb for two measurements 1 h apart and
7.3 ppb for two measurements 4 weeks apart) [11]. FeNO was
determined using a chemiluminescence analyser (CLD 77 AM;
EcoMedics) with a sampling rate of 100 Hz and a sampling
flow of 200 mL?min-1. Exhaled NO was measured after
application of three inflatory manoeuvres to a maximum of
2 kPa. At the third inflation, after two manoeuvres with
normal exhalation, the child performed a forced exhalation
against an expiratory resistance (0.5–2.0 kPa) using manually
controlled jacket pressure to achieve a constant expiratory flow
of 15 mL?s-1. The FeNO measurements were performed
repetitively to achieve a minimum of three technically
acceptable measurements within a 10% range.

Symptom scores
Symptom scores were calculated using a scoring system as
previously described by NOBLE et al. [27]. Respiratory
symptoms (cough, wheeze and shortness of breath) were
recorded for each day and night of the 4-week treatment
period. Symptoms were scored from 0 (no symptoms) to 3
(severe symptoms). The median symptom scores from the first
and last week were analysed for each parameter and also
summed to give a 24-h total symptom score. The maximum
achievable total symptom score was 18 and the minimum 0.
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Statistical analysis
The analysis consisted of a repeated-measurement design for
the variables FEV0.5 and FeNO. Results were expressed as
mean¡SD or, if not normally distributed or in the case of
categorical variables, as median (range). Two-tailed tests were
performed in the case of normal distribution unpaired t-tests
or, where adequate, repeated-measurement ANOVA was used
to detect differences in values between the two groups;
otherwise, the Mann-Whitney U-test was used. A p-value of
f0.05 was considered significant.

RESULTS
The overall mean¡SD age, weight and length of the 24 infants (13
male, 11 female) were 18.3¡4.2 months, 11.1¡0.7 kg and
79.2¡9.4 cm. There were no differences in age, weight and
length between the two groups (p50.1, 0.7 and 0.9, respectively).
The lung function parameter FEV0.5, FeNO and symptom scores
for the first and last visit for both the montelukast and placebo
groups are shown in table 1. In the montelukast group, nine out
of 12 patients were sensitised only to food allergens, two only to
aeroallergens and one showed combined food and aeroallergen
sensitisation. All except one child (eight out of nine) with
sensitisation to food allergens and one with sensitisation to
aeroallergens (one out of two) suffered from atopic dermatitis. In
the placebo group, seven patients were sensitised only to food
allergens, two only to aeroallergens and three to food and
aeroallergens. All patients (10 out of 10) with sensitisation to food
allergens, but none with sensitisation to aeroallergens, suffered
from atopic dermatitis.

Lung function measurements
Mean FEV0.5 significantly improved in the treated group, from
189.0¡37.8 mL (mean¡SD) before to 214.4¡44.9 mL after
treatment with montelukast for 4 weeks (p50.038). In contrast,
mean FEV0.5 did not differ significantly in the placebo group,
going from 161.0¡44.0 mL before to 166.6¡36.0 mL after
4 weeks of treatment (p50.26; fig. 1).

Exhaled nitric oxide measurements
Baseline FeNO tended to be slightly lower in the placebo group;
however, the difference was nonsignificant (p50.37). FeNO

decreased significantly in the montelukast group (29.8¡10.0 to
19.0¡8.5 ppb; p50.01), but not in the placebo group (33.4¡9.4
to 34.5¡8.3 ppb; p50.25; fig. 2). The difference between the
change in FeNO in the treatment group and that in the placebo
group was significant (p50.04). No correlation was found
between FeNO or decrease in FeNO after montelukast and type

of allergy (food or aeroallergens) (p50.31 and 0.64 for active
and placebo group, respectively) or presentation of atopic
dermatitis (p50.33 and 0.21).

TABLE 1 Fractional exhaled nitric oxide (FeNO), forced expiratory volume in 0.5 seconds (FEV0.5) and symptom scores before and
after treatment

Placebo Montelukast

Visit 1 Visit 2 p-value Visit 1 Visit 2 p-value

FeNO ppb 33.4¡9.4 34.5¡8.3 0.25 29.8¡10.0 19.0¡8.5 0.01

FEV0.5 mL 161.0¡44.0 166.6¡36.0 0.26 189.0¡37.8 214.4¡44.9 0.038

Symptom score 3.0 (1–8) 4.0 (1–8) 0.35 5.5 (0–9) 1.5 (0–6) 0.04

Data are presented as mean¡SD or median (95% confidence interval), unless otherwise stated.
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FIGURE 1. Lung function before and after 4 weeks of treatment with

montelukast (m) or placebo ($). Data are presented as mean¡SD. There was

significant improvement after therapy with montelukast (p50.038). FEV0.5: forced

expiratory volume in 0.5 seconds.
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FIGURE 2. Fractional exhaled nitric oxide (FeNO) before and after 4 weeks of

treatment with montelukast (m) or placebo ($). Data are presented as mean¡SD.

There was a significant decrease in the treatment group (p50.04).
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Symptoms
The overall median symptom score before treatment was 4.5
(95% confidence interval 3.4–5.7), reflecting the clinical signs of
mild disease activity. In the treatment group, the median
(range) total symptom score improved significantly from 5.5
(0–9) to 1.5 (0–6; p50.04), whereas, in the placebo group, the
symptom score changed from 3.0 (1–8) to 4.0 (1–8) after 4
weeks (p50.35).

DISCUSSION
In infants and young children exhibiting symptoms compatible
with early childhood asthma, defined as recurrent wheeze,
proven allergy and a positive history of parental asthma, the
present results demonstrate a positive effect of treatment with
montelukast. Montelukast caused a decline in airway inflam-
mation, reflected by a significant fall in FeNO, and an
improvement in lung function, confirmed by a significant
improvement in FEV0.5. A number of studies have investigated
the effectiveness of anti-inflammatory treatment in asthmatic
infants. However, although most researchers investigated
clinical signs, respiratory symptoms and the need for reliever
medication, only a few studies included objective parameters,
such as lung function data or markers of inflammation. A
recent review article reported on 28 studies investigating the
clinical effect of inhaled steroids in childhood asthma [28], only
one of which additionally performed lung function tests in pre-
schoolers and demonstrated a significant improvement in lung
function after 8 weeks’ therapy with inhaled steroids [29].

Cysteinyl LTs (cys-LTs) are known to cause airway inflamma-
tion (infiltration of eosinophil granulocytes and mucosal
oedema), bronchial obstruction and increased bronchial
responsiveness [13–15]. As a cys-LT1 receptor antagonist,
montelukast is known to have an anti-inflammatory effect,
which has been demonstrated in several studies. Montelukast
has been found to cause a significant decrease in the levels of
sputum eosinophil cationic protein [23], soluble interleukin-2
receptor, interleukin-4 and soluble intercellular adhesion
molecule-1 and eosinophil blood counts [18]. While studies
in adults [20, 25, 30] and school-aged children [9, 31] treated
with montelukast have shown a fall in FeNO, the data from the
present study illustrate that this effect of montelukast on FeNO

is also present in infants and very young children aged ,2 yrs
suffering from early childhood asthma. A significant reduction
in FeNO after 4 weeks of treatment with montelukast has been
shown in the present study. To date, there are no further
published data on objective measurements of airway inflam-
mation in infants treated with montelukast. The results of the
present study should be treated with some caution because of
the small patient numbers after subdividision into the
treatment and placebo groups. However, similar improve-
ments in FeNO have previously been reported in infants treated
for 4 weeks with budesonide or inhaled fluticasone dipropio-
nate [11, 32].

Cys-LTs, mainly LTC4 and LTD4, are known to be potent
bronchoconstrictive substances, and the LT receptor antagonist
montelukast is known to exhibit a protective effect against
bronchoconstriction [16]. In clinical studies, this beneficial
effect has been confirmed in terms of exercise- and allergen-
induced bronchoconstriction in adults, as well as children [17–
20]. Many studies have demonstrated the clinical effectiveness

of montelukast in adults and children, but, to date, there are no
further studies reporting an improvement in lung function in
infants and young children. In the present study, the FEV0.5,
assessed by the raised volume rapid thoracic compression
technique, showed significant improvement after treatment
with montelukast. Using the same technique in infants with a
history of recurrent wheeze but asymptomatic at the time of
investigation, HAYDEN et al. [33] could not detect a significant
improvement in lung function after administration of a
bronchodilator. In contrast to the study of HAYDEN et al. [33],
the infants in the present study were symptomatic at the time
of the first visit, and, therefore, some potential for improve-
ment in lung function may have been expected. In the present
study, the infants treated with montelukast showed a 12%
improvement in FEV0.5 compared with 3.5% in the placebo
group. The clinical relevance of this change in FEV0.5 is
difficult to interpret. The percentage change in lung function in
the present study is comparable to findings in older children.
The Paediatric Montelukast Study Group found an improve-
ment in forced expiratory volume in one second of 8.2% in the
treatment group compared with 3.6% in the placebo group
[21]. Using a comparable technique in healthy infants,
GOLDSTEIN et al. [34] found a mean improvement of 2.2% after
administration of salbutamol, whereas, after 4 weeks’ treat-
ment with inhaled steroids, MOELLER et al. [32] found a 17%
improvement in FEV0.5.

Parentally reported symptom scores are used in most studies
in infants. Although they do not always appear to be reliable
[35, 36], they were used as an additional tool in the present
study. Symptom scores were not a major outcome in the
current study due to the short intervention period and their
variable nature. Baseline symptom scores were higher in the
montelukast group; however, this difference was nonsignifi-
cant. There was a significant decline in parentally reported
symptom scores in the montelukast group, suggesting clinical
improvement in treated patients. Although both lung function
and symptoms improved, there was no correlation between
symptom scores and lung function. However, the treatment
period was relatively short, and more significant changes in
lung function may occur with longer anti-inflammatory
treatment. The present findings are in accordance with the
study of WILDHABER et al. [36], which showed that objective
measurements of FEVt correlate well with the overall health
assessment of the study physician, but not the assessment of
the caregiver.

In summary, whereas most studies in very young children
with recurrent wheeze have shown little or no effect of anti-
inflammatory asthma treatment [37], the present study has
shown that anti-inflammatory treatment with montelukast
may be beneficial in a well-defined subgroup of wheezy
infants: those with recurrent wheeze, a family history of
asthma, raised fractional exhaled nitric oxide and a positive
allergy test result. The results of the present study may be
explained by the fact that wheeze in infancy consists of an
extremely heterogeneous group, and most previous studies
have not investigated the therapeutic effect in a subgroup but
only in wheezing infants in general. The present inclusion
criteria ensure a degree of homogeneity with regard to
phenotype and maximise the likelihood of persistent airway
inflammation due to atopic early childhood asthma being
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present. These findings are in accordance with a previous
study looking at the effect of inhaled steroids in a similar
subgroup [32]. The present study is based on a short-term
intervention with montelukast and, therefore, not expected to
predict the long-term benefit of this therapy. This question, as
well as the value of montelukast as an add-on therapy in this
age group, should be investigated in further studies. The
present results stress the importance of an exact clinical
diagnosis of recurrent wheeze in infancy for successful
treatment. As in clinical practice, inhaled treatment may be
difficult in this age group and montelukast may serve as an
alternative first treatment in young children with early
childhood asthma.
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