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ABSTRACT

Background: Montelukast is a leukotriene receptor antagonist commonly used in allergic diseases. In this study, we investigated
the frequency, severity and risk factors for neuropsychiatric side effects and sleep disorders associated with montelukast in children.
Method: Children aged 6 months to 17years prescribed montelukast for allergic rhinitis or asthma at 31 Paediatric Allergy and
Immunology centres were enrolled in this cohort study. At enrollment, sociodemographic characteristics, prior diagnoses of neu-
ropsychiatric diseases or sleep disorders, and indications for montelukast treatment were recorded, and the primary caregivers
completed a baseline questionnaire about neuropsychiatric symptoms (insomnia, nightmares and depressed mood) of their chil-
dren. All participants were followed up for 1 month, and a post-treatment follow-up questionnaire on neuropsychiatric symptoms
was completed at the end of this period. Moreover, caregivers were instructed to contact the clinic if neuropsychiatric side effects
or sleep disorders were observed during this period.

Results: Total of 1163 children were enrolled. There was a significant increase in the frequency of insomnia, nightmares, night
terrors, drowsiness, behavioural problems, irritability, depressive mood, agitation, anxiety, hyperactivity, learning difficulties
and headache during the 1 month period after montelukast treatment compared to the previous 1 month (p<0.001 for all).
Overall, caregiver reports of neuropsychiatric symptoms in children increased from 172 (14.8%) to 399 (34.3%) after 1 month of
montelukast treatment (p <0.001).

Conclusions: Montelukast treatment increases the risk of neuropsychiatric symptoms and sleep disorders in children with aller-
gic diseases, especially if there is concomitant use of antihistamines.

1 | Introduction receptor, which mediates bronchoconstrictor effects of CysLT,

including LTB4, LTC4 and LTE4 [1, 2]. The major indications
Montelukast is a leukotriene receptor antagonist that binds for prescription started as asthma and allergic rhinitis but have
with high affinity to the Cysteinyl leukotrienes (CysLT) type 1 been expanded to include other diagnoses such as urticaria and

For affiliations refer to page 1293.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2025 The Author(s). Journal of Paediatrics and Child Health published by John Wiley & Sons Australia, Ltd on behalf of Paediatrics and Child Health Division (The
Royal Australasian College of Physicians).

Journal of Paediatrics and Child Health, 2025; 61:1287-1294 1287
https://doi.org/10.1111/jpc.70092


https://doi.org/10.1111/jpc.70092
https://doi.org/10.1111/jpc.70092
https://orcid.org/0000-0001-6051-5020
https://orcid.org/0000-0001-6067-3424
https://orcid.org/0000-0003-2489-4021
https://orcid.org/0000-0002-7319-8535
https://orcid.org/0000-0002-5338-9561
https://orcid.org/0000-0001-7810-7105
mailto:
mailto:
mailto:hyukselefe@hotmail.com
mailto:hasan.yuksel@cbu.edu.tr
http://creativecommons.org/licenses/by-nc-nd/4.0/

obstructive sleep apnea [2-4]. Although it was thought to be rel-
atively safe during the first years in the market, now there are
various reports regarding possible neuropsychiatric side effects
associated with montelukast [5-8]. Research on adults reported
that there was a significant increase in anxiety and insomnia
in cases with asthma and allergic rhinitis [7]. Recent propensity
score matched cohort study on electronic data of children on in-
haled steroids reported that concomitant montelukast use was
associated with increased anxiety, sleep and mood disorders [8].
Moreover, age has been reported to be an important risk factor
for the development of neuropsychiatric side effects of montelu-
kast treatment [9].

Considering the potential confounders on the development of
sleep and neuropsychiatric symptoms, the risk associated with
montelukast use may vary in different populations depending
on socioeconomic status, indication and concomitant medica-
tions. Therefore, extrapolating the results of previous research
from different settings and populations may lead to false clinical
decisions on prescribing or de-prescribing montelukast.

The aim of this study was to evaluate the frequency and risk factors
for the development of neuropsychiatric symptoms and sleep dis-
orders in Turkish children with asthma or allergic rhinitis, which
are the two most common indications for prescription in children.

2 | Materials and Methods
2.1 | Study Design and Ethics

This prospective observational cohort study evaluated the fre-
quencies of neuropsychiatric symptoms and sleep disorders in
children treated with montelukast. This study was approved
by the Institutional Review Board (26.01.2021/674752) and
the Medicines and Medical Devices Agency Review Board of
Tiirkiye (21-AKD-10). Written informed consent was obtained
from the caregivers of all the children.

2.2 | Study Population and Sampling

Patients aged 6 months to 17years prescribed montelukast
treatment for allergic rhinitis and/or asthma in 31 paediatric
allergy and immunology centres across Tiirkiye were enrolled
in this study. Inclusion criteria were as follows: prescription of
montelukast treatment following a diagnosis of allergic rhini-
tis and asthma, not having used montelukast in the previous
month. Exclusion criteria were: current diagnosis of and treat-
ment for neuropsychiatric diseases such as schizophrenia,
depression, epilepsy, mental retardation, mood disorder and
attention deficit hyperactivity disorder by a psychiatrist; and
chronic use of drugs associated with neuropsychiatric side
effects and sleep disturbances such as antidepressants and
psychostimulants.

2.3 | Data Collection

After enrollment of the subjects prescribed montelukast, so-
ciodemographic characteristics of the patients, such as age, sex

and birth history as well as past history of doctor-diagnosed
neuropsychiatric diseases, sleep disorders, or family history
of doctor-diagnosed neuropsychiatric diseases were recorded.
Medications used in combination with montelukast were also
recorded, as were the indications for and doses of montelukast.
In addition, caregivers' responses to the neuropsychiatric symp-
toms in their children, such as insomnia, nightmares, depressed
mood, night terrors, drowsiness, irritability, agitation, anxiety,
hyperactivity, learning difficulties and headaches were also re-
corded by the researcher after the decision to prescribe montelu-
kast to avoid selection bias. The caregivers were instructed to
contact the researchers if their child showed any of the neuro-
psychiatric or sleep disturbance symptoms during the 1 month
follow-up period. If none of these symptoms were observed, a
follow-up visit was scheduled at the end of 1month when the
caregivers were questioned about noticing any neuropsychiat-
ric symptoms, such as insomnia, nightmares, depressive mood,
night terrors, drowsiness, irritability, agitation, anxiety, hyper-
activity, learning difficulties and headaches in their children.
Caregivers were also asked to rate the severity of these symp-
toms on a Likert scale ranging from 1 to 10, where 1 represented
the least severe.

2.4 | Statistical Analysis

SPSS—25 version (The Statistical Package for Social Sciences)
was used for all statistical analyses. Continuous variables such
as age and time of adverse events are shown as the mean +stan-
dard deviation, whilst categorical variables such as gender, diag-
nosis, family history, side effects and other medications used are
given as percentages and numbers.

Logistic regression analysis was used to adjust for multiple
variables that may have influenced the relationship between
montelukast use and neuropsychiatric symptoms. The model
included past neuropsychiatric symptoms or sleep disor-
ders, age, sex, duration of illness, family history of doctor-
diagnosed neuropsychiatric diseases, caregiver's educational
level and other medications used by the participants that
might influence the occurrence of neuropsychiatric symp-
toms as variables. The OR's and 95% CI's of the model findings
were calculated as the relative risk estimates. p <0.05 was
considered statistically significant.

3 | Results

3.1 | Sociodemographic and Disease
Characteristics

A total of 1542 patients were enrolled between June 2021 and
June 2022. Amongst these, 379 patients were excluded because
they did not complete the post-treatment follow-up question-
naire, were duplicate enrollments, or had missing data. The
data of 1163 cases who met all the inclusion criteria and who
completed the follow-up were included in the study (Figure 1).

The mean age of the patients included in the study was
91 +45months. When the indications for montelukast were ana-
lysed, 39% of the patients had allergic rhinitis, 33% had asthma,
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FIGURE 1 | A total of 1542 patients included in the study. Of these, 379 patients were excluded because they did not complete the follow-up
questionnaire, were duplicate enrollments, or had missing data. The data of 1163 cases who met all the inclusion criteria and who completed the

follow-up were included in the study. The 399 children developed neuropsychiatric symptoms but completed the follow-up questionnaire at the end

of one-month follow-up.

and the rest had both diseases. The mean allergic disease dura-
tion was 27 + 25months.

A family history of neuropsychiatric disease was diagnosed by
a physician in 4% of cases. The medications used during the
month prior to enrollment were inhaled steroids (45%), inhaled
salbutamol (36%) and antihistamines (36%) (Table 1).

3.2 | Neuropsychiatric Symptoms and Sleep
Disorders at Enrollment and Follow Up

A previous history of doctor-diagnosed neuropsychiatric dis-
ease was observed in 2.1% patients however none of the partic-
ipants had a current doctor-diagnosis that required treatment.
“Neuropsychiatric symptom questionnaire” filled in by the

caregiver at enrollment revealed that symptoms such as in-
somnia (3.4%), nightmares (2.3%), night terrors (1.6%), lethargy
(2.2%), behavioural problems (3.2%), irritability (4.9%), depres-
sive mood (2.7%), agitation (2.5%), anxiety (3.2%), hyperactivity
(2.3%), learning disabilities (1.5%) and headache (2.2%) were
present in study participants.

At the one-month follow-up, insomnia (12.1%), nightmares
(14.2%), night terrors (10.8%), lethargy (10.6%), behavioural
problems (12.1%), irritability (16.6%), depressive mood (9.3%),
agitation (13.2%), anxiety (11.1%), hyperactivity (10.6%), learn-
ing disabilities (7.1%) and headache (8.9%) symptoms had in-
creased significantly (p <0.001) (Table 2).

Frequency of children with a neuropsychiatric symptom in-
creased from 172 (14.8%) to 399 (34.3%) during the 1month
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period of montelukast use (p <0.001). Table 3 shows the age
distribution of the patients who experienced neuropsychiat-
ric side effects and sleep disorders. Insomnia, drowsiness,
depressive symptoms, anxiety, learning difficulties and head-
ache were associated with older age, with a mean age of ap-
proximately 100-110 months (Table 3).

TABLE 1 | Demographics and patient characteristics of the study
population.

Sociodemographic and clinical

characteristic
Age, mo? 91.4 (45.0)
Duration of allergic disease, mo® 27.5(25.0)
Caregiver's education®
<High school 364 (3.13)
High school 424 (36.5)
University 375(32.2)
Family history of doctor-diagnosed 45(3.9)
neuropsychiatric disease®
Antihistaminic drug use®
At baseline 423 (32.2)
At the post-treatment follow up visit 135(11.6)
Adverse event?
No 764 (65.7)
1 88 (7.6)
>2 311 (26.7)

aSummarised as mean (standard deviation).
bSummarised as n (%).

Univariate analysis revealed that a previous history of neuro-
psychiatric illness in the child increased the frequency of all
neuropsychiatric disorders during follow up. Moreover, fam-
ily history of neuropsychiatric disorders was associated with
an increased frequency of nightmares (20.1%), night terrors
(11.1%), behavioural problems (15.6%), irritability (31.1%), ag-
itation (20%), anxiety (20%) and hyperactivity (15.6%) follow-
ing montelukast use.

3.3 | Multivariable Analysis of Association
of Neuropsychiatric Symptoms With
Montelukast Use

Multivariate logistic regression analysis with the model includ-
ing age, duration of illness, previous history of neuropsychiatric
illness in the child and caregiver, caregiver's educational status,
and use of antihistamines at enrollment and during the study
period revealed that montelukast use significantly increased the
risk of neuropsychiatric symptoms (Table 4).

Amongst children who reported neuropsychiatric symptoms or
sleep disorders in the past, headache and somnolence risk with
montelukast use increased 9.2-fold and 8.2-fold, respectively.
This was followed by nightmares, learning disabilities and be-
havioural symptoms, with adjusted risk ratios of 6.3 (95% CI,
2.8-13.5), 5.6 (95% CI, 1.7-16.0) and 5.3 (95% CI, 2.6-10.6), re-
spectively (Figure 2A).

Antihistamine use at admission was independently associated
with an increase in many neuropsychiatric side effects caused
by montelukast treatment, including lethargy (OR=1.6) (95%
CI, 1.1-2.4), behavioural problems (OR=1.5) (95% CI, 1.0-2.2),
hyperactivity (OR=1.5) (95% CI, 1.0-2.3), learning disability
(OR=1.7) (95% CI, 1.0-2.7) and headache (OR=1.5) (95% CI,
1.1-2.6) (Figure 2B).

TABLE 2 | Frequency of neuropsychiatric symptoms reported before and after montelukast use in the study population.

At baseline? At follow up? OR (95% CI)® p°
Insomnia 40 (3.4) 141 (12.1) 3.9 (2.7-5.6) <0.001
Nightmares 27 (2.3) 165 (14.2) 6.9 (4.6-10.5) <0.001
Night terrors 19 (1.6) 126 (10.8) 7.3 (4.5-11.9) <0.001
Drowsiness 26 (2.2) 123 (10.6) 5.2(3.4-7.9) <0.001
Behavioural problems 37(3.2) 141 (12.1) 4.2(2.9-6.1) <0.001
Irritability 57 (4.9) 193 (16.6) 3.9(2.8-5.3) <0.001
Depressive mood 31(2.7) 108 (9.3) 3.7 (2.5-5.6) <0.001
Agitation 29 (2.5) 53(13.2) 5.9 (3.9-8.9) <0.001
Anxiety 37(3.2) 129 (11.1) 3.8(2.6-5.5) <0.001
Hyperactivity 27(2.3) 123 (10.6) 4.9 (3.3-7.6) <0.001
Learning difficulties 18 (1.5) 83(7.1) 4.9(2.9-8.2) <0.001
Headache 26(2.2) 104 (8.9) 4.3 (2.8-6.69) <0.001
aReported as 1 (%).

bQdds ratio (95% confidence interval).
€Chi square test.
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TABLE 3 | Age distribution of neuropsychiatric side effects and
sleep disorders in the study cohort.

Present? Absent® p°
Insomnia 100.9+47.0 90.1+44.6 0.007
Nightmares 89.3+£43.3 91.7+45.3 0.27
Night terrors 85.6+42.6 92.1+45.3 0.15
Drowsiness 103.2+50.7 90.0+44.2 0.006
Behavioural 91.6+42.8 91.4+45.4 0.95
problems
Irritability 93.5+45.4 94.0+£45.0 0.48
Depression 110.9+49.8 89.4+44.1 <0.001
Agitation 95.7+42.7 90.7+45.4 0.20
Anxiety 104.9+48.8 89.7+44.3 <0.001
Hyperactivity 91.9+43.8 91.3+45.2 0.88
Learning 105.7+44.3 90.3+44.9 0.003
difficulties
Headache 110.1+51.0 89.5+44.0 <0.001

2Age mean +standard deviation of participants with the symptoms (months).
bAge mean +standard deviation of participants without the symptoms (months).
‘Independent sample's ¢ test.

TABLE 4 | Model findings for adverse event frequency at the follow-

up visit.
1 Adverse >2 Adverse
event OR event OR
(95% CI) (95% CI)
Age, mo? 0.9 (0.5-1.4) 1.0 (0.8-1.3)
Duration of allergic 0.9 (0.7-1.1) 1.0 (0.8-1.1)
disease?
Caregiver's education
<High school 1.1 (0.6-1.8) 1.2 (0.8-1.7)
High school 0.7 (0.4-1.2) 1.4 (1.0-2.0)
University 1
Doctor-diagnosed 1.5(0.5-4.5) 1.9 (1.0-3.7)
neuropsychiatric
disease in the family
Antihistaminic drug 1.0 (0.6-1.6) 1.3 (1.0-1.7)

use at the baseline

Note: Model adjusted for age, allergic disease duration, caregiver's education
status, neuropsychiatric symptoms in the family, and antihistamine drug use at
baseline.

2Logarithmic transformations of age and allergic disease duration were
performed.

4 | Discussion

The significant role of cysteinyl leukotrienes in the pathophys-
iology of allergic rhinitis and asthma has led to the widespread
use of montelukast in the treatment of children with these

diseases. The results of this study showed a marked increase in
neuropsychiatric symptoms and sleep disturbances with mon-
telukast treatment. The risk of these side effects is higher in
children using concomitant antihistamines and in the ones with
neuropsychiatric symptoms or sleep disorders in the past.

Montelukast acts by inhibiting the cysteinyl leukotriene recep-
tor-1 expressed by inflammatory smooth muscle cells and endo-
thelial cells in both the upper and lower respiratory tract mucosa
[10, 11]. Unfortunately, montelukast is associated with a wide
range of adverse drug reactions in children, including neuropsy-
chiatric and gastrointestinal issues; however, these effects can
be detected early with the awareness of clinicians [12, 13]. We
therefore conducted this multicenter cohort study to evaluate
the neuropsychiatric side effects and sleep disorders caused by
the use of this popular medication for asthma and allergic rhini-
tis in Turkish children. Our data showed striking results in line
with current warnings.

Overall, our results showed an increase of 2.3 folds in the risk of
neuropsychiatric symptoms with montelukast use. In one retro-
spective cohort study of 106 subjects, Benard et al. showed that
the rate of discontinuation of montelukast treatment due to neuro-
psychiatric side effects was 16% [11]. In another study, Wallerstedt
et al. reported that 48 children reported anxiety, nervousness, hy-
peractivity, sleep disturbances and personality disorders as side ef-
fects in the side effect registry of 17945 children between 1998 and
2007 [14]. Furthermore, in a cohort study of 77473 adult patients
using montelukast, a statistically significant increase in generalised
anxiety disorder, insomnia and antidepressant prescriptions was
observed in montelukast users compared to non-users [7]. In our
study, nightmares, night terrors and irritability were the most com-
mon side effects, which increased in frequency with treatment.

Studies have shown that the concomitant use of montelukast
with Inhaled Corticosteroids/Long-Acting Beta2-Agonists (ICS/
LABA)isassociated with an increased incidence of neuropsychi-
atric side effects. This has been indicated to occur as a synergis-
tic effect, as no neuropsychiatric side effects were observed with
ICS/LABA alone [15]. In our study, a similar synergistic effect
was observed with pre-existing antihistamine use during enroll-
ment, which caused an increase in side effects such as drowsi-
ness, behavioural problems, hyperactivity, learning difficulties
and headaches associated with montelukast use. Moreover, our
results indicated that a previous history of neuropsychiatric
symptoms at any time point before montelukast treatment in-
creased the risk of these symptoms during treatment.

Using retrospective data from the Netherlands, the World Health
Organisation reported that more than 75% of paediatric pa-
tients receiving montelukast treatment experienced nightmares
within the first week [16]. Similar studies for children and adults
in the US, Canada and Europe have similarly reported neuro-
psychiatric side effects associated with montelukast [14, 17-19]
In our multicenter cohort study, it was found that the incidence
of any neuropsychiatric side effects increased approximately 3-
fold in the first month of montelukast treatment, in line with the
literature. In contrast, in a prospective study conducted in adults
in Denmark, the reasons for early discontinuation of montelu-
kast use were investigated during a 19-year follow-up, with re-
sults showing that montelukast could be used for a longer period
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FIGURE 2 | (A) Model findings of neuropsychiatric side effects or sleep disorders reported in the National Montelukast Cohort in allergic chil-
dren due to the past reporting of these events. Amongst children who reported neuropsychiatric symptoms or sleep disorders in the past, headache
and drowsiness (somnolence) were associated with the highest increase in occurrence risk with montelukast use (9.2-fold and 8.2-fold increase in
risk, respectively). Increase in the risk of nightmares, learning disabilities and behavioural symptoms were also observed (Adjusted risk ratios of 6.3,
5.6 and 5.3, respectively). Ins: Insomnia, Nmr: Nightmare, Nter: Night terror, Drws: Drowsiness, Bpb: Behavioural problems, Irt: Irritability, Dps:
Depressive mood, Agt: Agitation, Anx: Anxiety, Exa: Excess activity, Ldf: Learning difficulty, Hch: Headache, Lrl: Lower range limit, Url: Upper
range limit, OR: Odds Ratio. (B) Model findings of neuropsychiatric side effects or sleep disorders reported in the National Montelukast Cohort in
allergic children due to antihistaminic drug use at the baseline. Antihistamine use at admission independently was associated with an increase in
many neuropsychiatric side effects caused by montelukast treatment, including lethargy (OR =1.67), behavioural problems (OR=1.59), hyperac-
tivity (OR =1.55), learning disability (OR=1.77) and headache (OR=1.59). Ins: Insomnia, Nmr: Nightmare, Nter: Night terror, Drws: Drowsiness,
Bpb: Behavioural problems, Irt: Irritability, Dps: Depressive mood, Agt: Agitation, Anx: Anxiety, Exa: Excess activity, Ldf: Learning difficulty, Hch:
Headache, Lrl: Lower range limit, Url: Upper range limit, OR: Odds Ratio.
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in asthma patients with concurrent use of inhaled steroids.
Montelukast received a patent in 2012; the prescription of the
medication as well as the indications have increased since then.
However, the appearance of adverse events has also increased,
leading to early discontinuation [20]. In our study, we aimed to
emphasise these adverse effects.

The major strength of this study was its cohort design, which
reduced information bias and allowed us to make causal infer-
ences. Furthermore, the multicenter participation allowed us to
include children from different regions of Tiirkiye. The primary
limitations of the study include the absence of a placebo group,
increased awareness of caregivers regarding side effects and
reliance on self-reported questionnaires, which may introduce
information bias. We consulted with the paediatric psychiatrist
on our research team when developing the data collection in-
struments to mitigate this.

In conclusion, this study demonstrates that montelukast treat-
ment may increase the risk of neuropsychiatric symptoms and
sleep disorders in children with asthma and allergic rhinitis.
The risk of these side effects is heightening amongst those con-
currently receiving antihistamines and those with a prior his-
tory of such symptoms. Clinicians prescribing montelukast need
to weight these risks, ensure appropriate patient and family
counselling, and establish a plan for close monitoring. The de-
velopment of a structured risk-benefit assessment matrix prior
to initiating treatment may be beneficial to guide clinicians be-
fore starting this treatment.
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