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Risk of neuropsychiatric adverse events
associated with montelukast use in
children and adolescents: a population-
based case-crossover study

Jae Won Kim,! Mideum Kim,? Min Sook Seo,' Ju-Young Shin @ '3

ABSTRACT

Purpose Montelukast is used extensively in children
and adolescents for allergic rhinitis and asthma. However,
concerns have been raised regarding the increased risk of
neuropsychiatric adverse events (NPAEs) associated with
montelukast use. Therefore, our case-crossover study was
conducted to observe whether there is an increased risk
of NPAEs associated with montelukast use in children and
adolescents.

Materials and methods A population-based
case-crossover study using the customised Health
Insurance Review and Assessment (HIRA) dataset was
conducted. Paediatric patients aged between 0 and 19
years diagnosed with allergic rhinitis and/or asthma

with a history of at least one montelukast prescription
between 1 January 2018 and 31 December 2021 were
included. Exposure to montelukast was assessed during
3-,7-,14-, 28- and 56-day hazard periods prior to each
patient’s NPAE. Stratified analyses according to age group,
gender and season for the risk of NPAEs associated with
montelukast use in the previous 7 days and 14 days were
performed, respectively. Conditional logistic regression
analysis was used to calculate adjusted ORs (aORs) with
their corresponding 95% Cls, adjusting for concomitant
medications.

Results A total of 161386 paediatric patients was
identified. An increased risk of NPAEs associated with
montelukast was found in all time window periods,
including 3-day (aOR 1.28, 95% Cl 1.24 to 1.32), 7-day
(@aOR 1.29, 95% CI 1.26 to 1.33), 14-day (aOR 1.34, 95%
Cl1.31 to 1.37), 28-day (aOR 1.38, 95% Cl 1.36 to 1.41)
and 56-day (aOR 1.21, 95% Cl 1.19 to 1.22) preceding
hazard periods compared with use in the four control
periods.

Conclusion Children and adolescents with allergic
rhinitis and/or asthma should be prescribed montelukast
with caution considering clinical benefits.

INTRODUCTION

Montelukast, a leukotriene receptor antago-
nist (LTRA), is widely prescribed for allergic
rhinitis and asthma in children and adoles-
cents." It is used as a preventative measure
for patients with allergic rhinitis and asthma,
and as an additional treatment for those
whose asthma symptoms are uncontrolled

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Rare, but serious neuropsychiatric adverse events
(NPAEs) associated with montelukast use are be-
ing reported among children and adolescents. The
US Food and Drug Administration announced the
strengthening of an existing boxed warning on mon-
telukast regarding NPAEs, particularly in the pae-
diatric population. Several epidemiological studies
have been conducted to confirm the association be-
tween the risk of NPAEs and the use of montelukast;
however, the results were conflicting.

WHAT THIS STUDY ADDS

= A case-crossover study was conducted to see if
there was an increased risk of NPAEs associated
with montelukast use in children and adolescents
with allergic rhinitis and/or asthma. We observed
an increased risk of NPAEs associated with mon-
telukast use. Our findings highlight the need for
careful prescribing of montelukast in children and
adolescents.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= In the practice aspect, our study conveys an import-
ant message that more caution is needed when pre-
scribing montelukast in children and adolescents. In
terms of the research aspect, our study conducted
the case-crossover study that examined the asso-
ciation between montelukast use and the risk of
NPAEs in the paediatric population using the large,
representative and most recent claims database.
Our study provides the important evidence to estab-
lish a healthcare policy to reduce the risk of NPAEs,
especially in children and adolescents, and to de-
velop or improve future treatment options to avoid

potential risks.

by inhaled corticosteroids." * Montelukast
has been used extensively in children and
adolescents because it can be easily admin-
istered orally. However, postmarketing case
reports showed a possible risk of neuropsy-
chiatric adverse events (NPAEs) associated
with montelukast use.' * Therefore, in 2008,
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a warning about NPAEs was included under the ‘Precau-
tions Section’ of the montelukast label as advised by the
US Food and Drug Administration (FDA).” The reported
NPAEs were agitation, aggression, anxiety, depression,
insomnia, irritability, suicidal ideation/attempts and
suicide.'® The FDA further announced the strengthening
of an existing boxed warning of montelukast in 2020.* A
possible explanation for montelukast-associated NPAEs
is a montelukast-glutathione (GSH) conjugate leading
to the possible progression of neuropsychiatric disorders
such as depression, anxiety and stress.”

An increased risk of NPAEs associated with montelukast
was not found in other observational studies, according
to the FDA.* However, these studies had shortcomings.”
There were possibilities of imprecise defining of expo-
sures, outcomes, inclusion and exclusion criteria, and
covariates, in which the Sentinel study recommended a
careful interpretation of data.” In addition, the data used
in the study were from 2000 to 2015. To reflect on the
current situation more effectively, the use of the most
recent data available is needed. Other studies have shown
a possible risk of NPAEs in association with montelukast.
The overall risk of NPAEs did not increase in patients
using LTRAs; an increase was noticed in a 4-day to 14-day
window of initiation of LTRAs from a self-controlled case
series (SCCS) study.'A nested case-control study showed
children with asthma who experienced an NPAE had
nearly twice the odds of having been prescribed montelu-
kast.” The association between the risk of NPAEs and
montelukast use remains unclear.

This study was conducted to observe whether there is
an increased risk of NPAEs associated with montelukast
use in children and adolescents using a case-crossover
study design that allows study subjects to act as their own
controls, minimising intersubject variability.

MATERIALS AND METHODS

Data source

The customised claims data of the Health Insurance
Review and Assessment Service (HIRA) in South Korea
were used for the study. The claims data of HIRA cover
50 million patients per year, which account for 98% of
the total population in Korea.® The database contains
comprehensive information regarding relevant health-
care services, including procedures, surgeries, examina-
tions, treatments, prescriptions and sociodemographic
characteristics of patients.’” In this study, the customised
claims dataset of paediatric patients aged between 0 and
19 years with at least one diagnosis of allergic rhinitis
or asthma (10th revision of the International Classifica-
tion of Diseases (ICD-10) codes J30, J45 and ]J46) and a
history of at least one montelukast prescription between
1 January 2018 and 31 December 2021 was obtained.

Case-crossover design
A case-crossover design was implemented to see the asso-
ciation between montelukast exposure and the risk of

NPAEs, in which the study design allows study subjects
to act as their own controls at previous time points.”®*
The study design is appropriate to use when observing
potential causes of sudden events when the exposure
is intermittent, the effect on risk is transient and the
outcome is abrupt.® ? The association between expo-
sure times and outcome times within individuals can be
observed.® Confounding by time-invariant subject char-
acteristics such as sex, socioeconomic status, genetics
and underlying state of health that were difficult to
measure can be minimised as study participants serve as
their own controls.' ? Therefore, the number of patients
exposed to montelukast in the hazard period, which is
the period immediately before the outcome of interest,
can be compared with the number of those exposed to
montelukast in control periods, which are periods prior
to and of the same length as the hazard period.” The
Odds Ratio (OR) is calculated by comparing the odds of
exposure between hazard and control periods.

Case definition

Children and adolescents aged between 0 and 19 years
who had been prescribed montelukast at least once along
with the primary or secondary NPAE diagnosis between 1
January 2018 and 31 December 2021 were identified. It is
often more difficult to diagnose psychiatric conditions in
infants and toddlers compared with children and adoles-
cents; however, removing infants and toddlers who expe-
rienced NPAEs and were exposed to montelukast from
the study could possibly introduce a potential bias.'
Therefore, our study decided to include all paediatric
patients. Patients who were not diagnosed with NPAEs
in 2017, a year before the initiation of the study period,
were included in the study to assure incident cases of
NPAEs and to account for both chronic and acute psychi-
atric conditions.

Cases were defined as paediatric patients with any
NPAE primary or secondary diagnosis during hospital-
isations or outpatient visits, including anxiety disorders,
cognitive disorders, mood disorders, movement disor-
ders, personality disorders, psychotic disorders, sleep-
related disorders, self-harm and others. The NPAEs were
defined based on previous studies, and ICD-10 codes
were selected according to NPAE diagnoses' ' (online
supplemental table SI).

The exclusion criteria were as follows: (1) previous
history of NPAE(s) in 2017 to assure incident cases of
NPAE(s); (2) diagnosis of NPAE(s) on the same day as
the first montelukast prescription since the time associa-
tion cannot be confirmed in the claims database; (3) no
history of montelukast prescription(s) between 1 January
2018 and 31 December 2021 and (4) no montelukast
prescription(s) before or on the index date (figure 1).

Exposure to montelukast

Exposure to montelukast was defined as a paediatric
patientwho had received atleastone montelukastprescrip-
tion (Anatomic Therapeutic Chemical code R03DC03).
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Paediatric patients with diagnosis
of allergic rhinitis or asthma
(ICD-10 codes: J30, J45, and J46)
from January, 1, 2018 to
December, 31, 2021

N = 5,637,609

Excluded:

® Patients who had prior
neuropsychiatric adverse
events in 2017

® Diagnosis of
neuropsychiatric disease
on the same day as the first

v

Paediatric patients who had
newly diagnosed neuropsychiatric
adverse events from January, 1,
2018 to December, 31, 2021

N =232,154

v

montelukast prescription

N = 5,405,455

Excluded:

® Patients with no
montelukast

A\ 4

y

Paediatric patients who had been
newly diagnosed neuropsychiatric
diseases with at least one
montelukast prescription

N =161,386

Figure 1 Flow diagram of study subjects.

Paediatric patients who were given montelukast prescrip-
tions from both inpatient and outpatient settings were
included in the study (online supplemental table S2).

Different hazard time window periods were applied;
3-day, 7-day, 14-day, 28-day and 56-day time periods were
chosen. The 7-day and 14-day time frames were selected
as previous studies, which assessed the association
between the risk of NPAEs and montelukast, reported
the average onset of NPAEs after the montelukast expo-
sure occurred between 7 and 14 days.' '* A 3-day interval
was also analysed to see if there was an abrupt onset of
NPAEs. Additionally, 28-day and 56-day hazard periods
were examined to see the change in the NPAE risk with a
longer follow-up duration.

prescription(s) between 1
January 2018 and 31
December 2021

® Patients with no
montelukast
prescription(s) before or
on the index date

N=70,768

To see if there was a change in the risk among different
age groups, genders and seasons, stratified analyses were
performed. NPAEs associated with montelukast use
usually occurred between 7 and 14 days after montelukast
exposure; therefore, stratified analyses were conducted
when montelukast use was within 7days and 14 days of
the hazard period, respectively.' '*

Four consecutive control periods were set with the
same duration as the hazard period for each outcome.
A washout period of 5days between hazard and control
periods was established to avert any carry-over effect
(figure 2). The mean plasma half-ife of montelukast
ranged from 2.7 to 5.5hours in healthy young adults."
Therefore, it is anticipated that montelukast will be in

Control period 4 | Control period 3 | Control period 2 | Control period 1 | Washout period _ 4.T
3,7,14,28, 3,7,14,28, 3,7, 14,28, 3,7, 14,28, 5 days
and 56 days and 56 days and 56 days and 56 days Index date

(1%t diagnosis of NPAE)

Figure 2 Case-crossover study design of montelukast and NPAEs. The hazard period was defined as the 3-, 7-, 14-, 28- and
56-day time window before the first diagnosis of an NPAE. The washout period of 5 days was set between the hazard and the
control periods. Four consecutive control periods were chosen. NPAE, neuropsychiatric adverse events.
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the system for approximately 30.3 hours."”” Considering
study subjects were paediatric patients, in whom the elim-
ination rate could be different from that of adults, we
decided setting a washout period of 5 days was plausible.'*

Time-varying confounders

A case-crossover study design itself is controlled for
time-invariant confounders including sex, genetic
factors, socioeconomic status and underlying state of
health." * However, concomitant medications that study
subjects take may change across hazard and control
periods. Therefore, concomitant medications were meas-
ured as within-patient time-varying confounders and
were adjusted in the analysis. Antidepressants, antiepi-
leptics, antidepressants, antihistamines, antipsychotics,
benzodiazepines, corticosteroids, histamine H2-receptor
antagonists, neuraminidase inhibitors, non-steroidal anti-
inflammatory drugs (NSAIDs), opioids and psychostim-
ulants (methylphenidate and atomoxetine) were deter-
mined as medications associated with NPAEs based on
previous studies' ?'' (online supplemental table S3).

Statistical analyses

Baseline characteristics of the study subjects were
presented by using descriptive statistics. Categorical vari-
ables were presented as numbers with percentages. The
conditional logistic regression analysis was conducted to
calculate crude and adjusted ORs (aORs) with their corre-
sponding 95% CIs. The odds of montelukast exposure
between the hazard and four control periods before the
NPAEs were compared at different hazard time windows.

Subgroup analyses according to age groups, genders
and seasons were conducted when the montelukast use
was within the previous 7 days and 14 days of the hazard
period. These subgroup analyses were performed to see
if there was a difference in results in terms of different
age groups, genders and seasons, as other previous
studies found the differences.! ' '° The age groups were
divided into 0-2 years, 3-5 years, 6-9 years, 10-12 years
and 13-19 years to observe the possible risk in infants,
toddlers, children and adolescents distinctively. The
aORs were estimated by adjusting concomitant medi-
cations. The joint test for exposure and strata variable
interaction was also conducted to see whether montelu-
kast affects NPAEs differently depending on age groups,
genders and seasons.

To observe the risk of NPAEs associated with the use
of montelukast over the preceding 7 days of the hazard
period using three additional control periods, which
were 3, 6 and 9 months before the index date, an addi-
tional analysis was performed. This was conducted to see
if our study appropriately controlled for seasonality. The
first control period used in each analysis started from 3, 6
and 9 months before the index date correspondingly and
included the preceding 7 days.

Additional sensitivity analyses were performed for
pranlukast, another LTRA, to see if pranlukast was associ-
ated with the increased risk of NPAEs at different hazard

time periods (3, 7, 14, 28 and 56 days). Subgroup analyses
were also conducted according to age groups, genders
and seasons when the pranlukast exposure was within
previous 7 days of the hazard period. In both analyses, a
conditional logistic regression analysis was used, and the
joint test for exposure and strata variable interaction was
also performed (tables 6 and 7).

All analyses were performed using SAS V.9.4 (SAS Insti-
tute) and a p value of <0.05 was considered statistically
significant in this study.

Patient and public involvement

The patients or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of our research.

RESULTS

In total, 161386 children and adolescents
dispensed montelukast prescriptions and diagnosed
with NPAEs between 1 January 2018 and 31 December
2021 (figure 1). The baseline characteristics of children
and adolescents with montelukast use preceding NPAEs
are shown in table 1. 58.3% of study patients were male,
and the age distribution was as follows: 3.30% aged 0-2
years, 13.2% aged 3-5 years, 30.4% aged 6-9 years, 13%
aged 10-12 years and 40.1% aged 13-19 years. In terms
of season, the greatest number of patients were diag-
nosed in autumn (29.2%) followed by summer, spring
and winter. Concomitant medications during the study
period were observed in the following proportions: anti-
histamines (72.6%), NSAIDs (55.5%), corticosteroids
(47.5%) and histamine H2-receptor antagonists (19%).
NPAEs diagnosed during the study period were identified
in the following order: anxiety disorders (29.7%), mood
disorders (28.6%), personality disorders (22.9%), sleep-
related disorders (6.60%) and others (6.30%) (table 1).

The use of montelukast in the previous 3 days was
associated with a 1.28-fold higher risk of NPAEs after the
adjustment for concomitant medications (95% CI 1.24
to 1.32; p<0.0001). The risk remained elevated in 7 days
(aOR 1.29; 95% CI 1.26 to 1.33; p<0.0001), in 14 days
(aOR 1.34; 95%CI 1.31 to 1.37; p<0.0001), in 28 days
(aOR 1.38; 95% CI 1.36 to 1.41; p<0.0001) and 1.21-fold
higher in the 56-day time window (95% CI 1.19 to 1.22;
p<0.0001) (table 2).

The highest NPAE risk associated with the use of
montelukast in the previous 7 days was observed among
adolescents aged 13-19 years, with an aOR of 1.44 (95%
CI 1.37 to 1.52). The risk was also noted in other age
groups except for the risk in children aged 0-2 years, in
which the risk was statistically not significant. The risk of
NPAEs was higher in female children and adolescents
(aOR 1.35; 95%CI 1.29 to 1.41). However, the differ-
ence was not significant (p value for interaction=0.1195)
(table 3).

The highest NPAE risk associated with montelukast in
the previous 14 days was observed among adolescents

were
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Table 1 Baseline characteristics
Patients
(n=161386)
Variables n (%)
Age group (years)
0-2 5332 (3.30)
3-5 21312 (13.21)
6-9 49079 (30.41)
10-12 21026 (13.03)
13-19 64637 (40.05)
Gender
Male 94049 (58.28)
Female 67337 (41.72)
Season
Spring 35912 (22.25)
Summer 43872 (27.18)
Autumn 47157 (29.22)
Winter 34445 (21.34)
Concomitant medications*
Antihistamines 117113 (72.57)
Non-steroidal anti-inflammatory 89518 (55.47)
drugs
Corticosteroids 76684 (47.52)
Histamine H2-receptor antagonists 30673 (19.01)
Opioids 18773 (11.63)
Benzodiazepines 14317 (8.87)
Antipsychotics 7865 (4.87)
Psychostimulants 7497 (4.65)
Neuraminidase inhibitors 6663 (4.13)
Antiepileptics 2732 (1.69)
Antidepressants 2222 (1.38)
Neuropsychiatric adverse events
Anxiety disorder 47911 (29.69)
Mood disorder 46114 (28.57)
Personality disorder 36899 (22.86)
Sleep-related disorder 10616 (6.58)
Others 10194 (6.32)
Movement disorder 7076 (4.38)
Psychotic disorder 1469 (0.91)
Cognitive disorder 1087 (0.67)
Self-harm 20 (0.01)

*Overalpped.

aged 13-19 years, with an aOR of 1.43 (95% CI 1.37 to
1.50). The risk was found in all other age groups, in which
the lowest risk was seen in paediatric patients aged 0-2
years (aOR 1.16; 95% CI 1.07 to 1.27). The difference in

risk according to age groups was not significant. The risk
was higher in females (aOR 1.36; 95% CI 1.31 to 1.41).

However, the difference in risk according to gender was
not significant (p value for interaction=0.8972) (table 4).
An increased risk of NPAEs associated with the use of
montelukast over the preceding 7 days was identified
using control periods 3, 6 and 9 months before the index
date. The highest risk was found 3 months before the
index date (aOR 1.66; 95% CI 1.62 to 1.71) (table 5).

DISCUSSION

Principal findings

Our study showed an increased risk of NPAEs associated
with montelukast use in children and adolescents. An
increased risk of NPAEs was noted in all time window
periods (3, 7, 14, 28 and 56 days). The risk was higher
when we adjusted for concomitant medications as time-
varying confounders. A possible explanation for this
finding is that for those who take concomitant medica-
tions, which could possibly contribute to an increased risk
of NPAEs, an additional administration of montelukast
could further increase the risk. According to our results,
antihistamines were the most frequently prescribed
concomitant medications (72.6%), followed by NSAIDs
(55.5%) and corticosteroids (47.5%). Antihistamines
and corticosteroids are classes of medications that are
commonly prescribed for allergic rhinitis and asthma in
conjunction with montelukast. A study by Bian et al/found
an increased risk of neuropsychiatric events related to
montelukast, antihistamines and inhaled corticoster-
0ids."”” 34.1% of neuropsychiatric events were associated
with antihistamines, and 11.1% of events were related to
inhaled corticosteroids.'? The study advised more atten-
tion to be paid to specific patients treated with LTRAs
and antihistamines.'” In addition, another study identi-
fied a strong association between the use of corticoster-
oids and the development of psychiatric and neurological
side effects.'® NSAIDs, another widely prescribed medica-
tion among children and adolescents, were also known
to be associated with an increased risk of psychiatric
symptoms.'” Therefore, concomitant administration of
the aforementioned medications along with montelukast
could possibly further increase the risk of NPAEs.

Our study included antidepressants and antipsy-
chotics as time-varying confounders, as these two drug
classes were frequently associated with neuropsychiatric
disorders.” However, including these two drug classes
as concomitant medications could possibly introduce
confounding indications as antidepressants and antipsy-
chotics are prescribed for treatments of neuropsychiatric
conditions. Therefore, we performed additional analyses
observing the risk of NPAEs at different time window
periods and the risk of NPAEs in the previous 7 days
and 14 days of the hazard period, excluding antidepres-
sants and antipsychotics from concomitant medications
(online supplemental tables S4-S6). The results were
indifferent to those of the main analyses, which included
antidepressants and antipsychotics as time-varying
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Table 2 Risk of neuropsychiatric adverse events associated with the use of montelukast at different time window periods (3,

7,14, 28 and 56 days)

Time No. of exposed No. of exposed Crude Adjusted

window in hazard period in control period

period (n=161386) (n=645544)

(days) N (%) N (%) OR (95% CI)* P value OR (95% CI)t P value
3 9773 (6.06) 38276  (5.93) 1.04 (1.011to 1.08) 0.0090 1.28 (1.24t01.32) <0.0001
7 12673  (7.85) 48882  (7.57) 1.07 (1.04t01.09) <0.0001 1.29 (1.26to 1.33) <0.0001
14 17080 (10.58) 63578  (9.85) 1.13 (1.10to 1.15) <0.0001 1.34 (1.31to 1.37) <0.0001
28 24568  (15.22) 87991  (13.63) 1.20 (1.18t01.22) <0.0001 1.38 (1.36to 1.41) <0.0001
56 35969  (22.29) 135123 (20.93) 1.11 (1.10to 1.13) <0.0001 1.21 (1.19to 1.22) <0.0001

*Calculated by conditional logistic regression.

TCalculated by conditional logistic regression adjusted for concomitant medications.

confounders, confirming that our study was not affected
by the inclusion of antidepressants and antipsychotics.

In addition, in regard to stratified analyses for risk of
NPAEs in the previous 7 days and 14 days of the hazard
period, the highest increased risk was found in older
paediatric patients aged between 13 and 19 years. A
possible explanation for this finding is that in children
and adolescents aged over 10 years, an increase in the
diagnosis of depression, anxiety disorders and/or adjust-
ment disorders was noticed, and especially more depres-
sive symptoms were shown in adolescents than younger
children.'®™ This pattern was more conspicuous during
the COVID-19 pandemic.'®*! Alike results were noted in
our study, in which 28.6% of children and adolescents
with NPAEs were diagnosed with mood disorders and
29.7% with anxiety disorders. Furthermore, it is often
more difficult to diagnose psychiatric conditions in
infants and young children compared with adolescents,
leading to more NPAE cases in this particular age group,
resulting in a higher risk.'"” In our study, a higher risk
was seen in females, which could be due to the fact that
female children and adolescents tend to be diagnosed
with psychiatric conditions more than males.'*™!

Comparison with other studies

Our findings on the increased risk of NPAEs in relation
to monteluksat use within 3, 7 and 14 days of the hazard
period were consistent with other studies.”” ** The SCCS
study showed increased risks in the 4-7 and 8-14days
after initiation of LTRAs, and a study by Bian et al'* found
most reported cases of NPAEs occurred within the first
10 days since the drug initiation.'? In addition, the SCCS
study identified a notable risk, particularly in adolescents
(incidence rate ratio 1.28;95% CI 1.05 to 1.55), while the
risk decreased in children aged between 3 and 11 years. A
similar finding was seen in our study in which the risk of
NPAEs was the highest in children and adolescents aged
13-19 years, and the lower risk was shown in patients
aged 0-9 years. However, in our study, the risk of NPAEs
remained elevated in 28 days and 56 days of the hazard
period, whereas the risk was not found in 15-30, 31-90
and >90 days since LTRA initiation in the SCCS study. This

difference could be due to a different study design and
methodology. A case-crossover study is outcome-indexed,
whereas the SCCS study is exposure-indexed, resulting in
lower risk in the SCCS study design compared with a case-
crossover study design.”” Additionally, an increased risk
of NPAEs associated with montelukast use was also shown
in a nested case-control study where children with asthma
who experienced a new onset of neuropsychiatric events
had nearly twice the odds of having been prescribed
montelukast in the year before the event.” A study by
Paljarvi et al'' also found an increased risk in patients
with asthma who were exposed to montelukast (OR 1.11;
95% CI 1.04 to 1.19), and the highest OR was for anxiety
disorders." Similarly, in our study, the largest number of
patients were diagnosed with anxiety disorders (29.7%).
Interestingly, in a study by Paljarvi et al'' the risk was
higher in patients with asthma compared with patients
with allergic rhinitis. One of the studies suggested that
chronic montelukast treatment was not associated with
depression-like behaviours but confirmed the association
between depression and asthma in mice.?0 ¥’ Thus, it is
possible that the asthma condition itself could be one
of the possible reasons for the increased risk of psychi-
atric conditions like depression. To confirm whether the
increased risk of NPAE is associated with montelukast
or with the asthma condition itself, more studies need
to be conducted. In contrast, some other studies found
no association between the increased risk of NPAE
and montelukast use.”*”' One of the matched nested
case-control studies did not detect an increased risk of
NPAEs associated with montelukast use in children with
asthma.™ Patients exposed to montelukast during the
prior year had an aOR of 1.01 (95% CI 0.88 to 1.14) for
having NPAEs, indicating no significant positive associ-
ation between montelukast and NPD in children with
asthma.”® It is possible that the OR that was measured
in patients exposed to montelukast during the prior
year of NPAE diagnosis could have been attributed to
this result. Several previous studies suggested the usual
onset of NPAEs after montelukast exposure was between
7 and 14 days.' '® Thus, since the OR was measured in the
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Table 5 Risk of neuropsychiatric adverse events associated with the use of montelukast over the preceding 7 days using

control periods (3, 6 and 9 months before the index date)

Exposed in hazard

Exposed in control

First control period period Crude Adjusted

period N/N (%) N/N (%) OR (95% CI)* P value OR (95% CI)t P value
3 months before 12673/161386 (7.85) 43917/484158 (9.07) 1.26 (1.23to <0.0001 1.66 (1.62to <0.0001
the index date 1.30) 1.71)

6 months before 12673/161386 (7.85) 47497/484158 (9.81) 1.11 (1.08 to <0.0001 1.46 (1.42to <0.0001
the index date 1.14) 1.49)

9 months before 12673/161386 (7.85) 47079/484158 (9.72) 1.12 (1.10to <0.0001 1.30 (1.27to <0.0001
the index date 1.15) 1.34)

*Calculated by conditional logistic regression.

TCalculated by conditional logistic regression adjusted for concomitant medications.

prior year of the neuropsychiatric condition diagnosis,
not immediately before, the results of this nested case-
control study were different to ours.

Pranlukast and the risk of NPAEs

Our findings on the increased risk of NPAEs associ-
ated with pranlukast use were consistent with those of
montelukast. The risk of NPAEs in relation to the use of
pranlukast at various time window periods (3, 7, 14, 28
and 56 days) was similar to that of montelukast (table 6).
When stratified analysis of the risk of NPAEs in relation to
pranlukast use in the previous 7 days was conducted, the
overall aOR was 1.26 (95% CI 1.21 to 1.32), the highest
risk was found in 13-19 years (aOR 1.44; 95% CI 1.32
to 1.58), and the risk was higher in females (aOR 1.28;
95%CI 1.19 to 1.38) (table 7). These results were all
comparable to those of montelukast. It is not surprising
that pranlukast was also related to the increased risk of
NPAE:s like montelukast, as these two medications belong
to the same class, LTRAs, indicating that the biological
mechanism of action would be similar. Studies conducted
by Park et al' and Kang et al,'” which observed the associ-
ation between LTRAs and the risk of NPAEs, found both
LTRAs were related to a higher risk of NPAEs." " However,
an interesting finding was noted from a recent study by

Kim et al®® Kim et al’® observed no association between

the increased risk of the composite outcome of all meas-
ured NPAEs in study subjects diagnosed with asthma who
were prescribed montelukast or pranlukast in compar-
ison to those who were not.*® Nevertheless, the admin-
istration of montelukast was related to a higher risk of
hallucinations (inverse probability treatment weighting
HR 1.45; 95% CI 1.07 to 1.96) and attention difficulties
(inverse probability weighting HR 1.24; 95% CI 1.01 to
1.52) 3 Moreover, substantial negative hazards for disori-
entation, anxiety, stress reactions and somatic symptoms
were seen in patients exposed to montelukast.” Until our
study, studies have been conducted to see the association
between the risk of NPAEs and LTRA use and the risk
of NPAEs and montelukast use; however, no studies have
been performed to observe the association between the
risk of NPAEs and pranlukast, respectively. Therefore,
to confirm the possible NPAE risk associated with pran-
lukst use found in our study, a future study is needed to
explore the association between the risk of NPAEs and
the use of pranlukast thoroughly.

Biological mechanism
Biological mechanisms for montelukast-associated
NPAEs are not clearly understood. However, one

Table 6 Risk of neuropsychiatric adverse events associated with the use of pranlukast at different time window periods (3, 7,

14, 28 and 56 days)

No. of exposed No. of exposed

;rvlﬁsow in hazard period in control period

period (n=64800) (n=259200) Crude Adjusted

(days) N (%) N (%) OR (95% CI)* Pvalue OR (95% CI)t P value
3 2525 (3.90) 9999 (3.86) 1.02 (0.96 to 1.07) 0.5747 1.21 (1.15to0 1.28) <0.0001
7 3568 (5.51) 13633  (5.26) 1.07 (1.02to 1.12) 0.0035 126  (1.21t01.32) <0.0001
14 5133 (7.92) 18716  (7.22) 114 (1.10to 1.18) <0.0001 1.32  (1.27 to 1.37) <0.0001
28 7908 (12.20) 27441 (10.59) 1.22 (1.19t01.26) <0.0001 1.38 (1.34to 1.42) <0.0001
56 12241 (18.89) 43481 (16.78) 1.19 (1.16t0 1.22) <0.0001 1.28 (1.25to0 1.31) <0.0001

*Calculated by conditional logistic regression.

TCalculated by conditional logistic regression adjusted for concomitant medications.
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study noted a montelukast-GSH conjugate where
GSH has a vital role in protecting cells from oxida-
tive stress, principally at the brain level.” A decrease
in GSH may compromise brain detoxification path-
ways and could also impact the r-glutamate levels.”
As a result, the progression of neuropsychiatric disor-
ders such as depression, anxiety and stress could be
affected.” Another possible explanation is human
genes that interact with montelukast.”* A functional
enrichment analysis of human genes that interact with
montelukast was conducted, and several genes were
notably enriched in the biological processes of ‘neuro-
active ligand-receptor interaction’.”® These genes
were involved in mood disorders and major depressive
disorders.** However, until we find the definitive mech-
anism, further studies exploring the mechanisms for
montelukast-related NPAEs are still needed.

Strengths and limitations

Our study has several strengths. We conducted the case-
crossover study observing the risk of NPAEs associated
with montelukast use in children and adolescents using
the most recent population-level claims database. The
case-crossover study design itself effectively controls
both known and unknown confounders, such as gender,
socioeconomic factors and genetic factors. In addition,
the study design allows study subjects to act as their own
controls, minimising intersubject variability. Further-
more, our study used the most recent database available
at a population level from 2018 to 2021, which would
have reflected reality more effectively.

There are some potential limitations that need to be
considered. First, the use of claims databases can possibly
result in inaccuracies in coding. However, given the fact
that patients diagnosed with NPAEs recorded in the
claims dataset would be more severe than those with no
recorded NPAEs, there is no evidence that the distribu-
tion of montelukast exposure in the hazard and control
periods would differ in these patients. With the use of a
case-crossover study design, bias due to an unequal distri-
bution of the outcome misclassification would not have
occurred. Thus, it is not expected that the main outcome
would be different. In addition, our study is based on
montelukast prescriptions that were actually dispensed,
meaning that we did not have information on patient
compliance or the precise timing of medication admin-
istration. Lastly, it is possible that residual confounding
may not have been removed due to the lack of informa-
tion in the claims database. For example, there could
be other reasons apart from the NPAE onset that could
stop patients from taking montelukast, which could have
been the cause of possible confounding and the infor-
mation on these cannot be found in the claims database.
Montelukast treatment could have been ineffective for
asthma and/or allergic rhinitis, montelukast could have
caused other side effects, or patients did not prefer to
take montelukast.

In conclusion, children and adolescents with allergic
rhinitis should be prescribed montelukast with caution
considering its clinical benefits.
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