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Original Article

Leukotriene Receptor Antagonists and Risk of )

Updates

Neuropsychiatric Entities: A NMeta-Analysis of

Observational Studies

Le Bai, MD®*, Yong Xu, MD"**, Tingyu Pan, MD?®*, Ying Zhang, MD°®, Xianmei Zhou, MD, PhD*, and Jie Xu, MD, PhD**

Nanjing, China

studies were inconsistent.

What is already known about this topic? Case reports and pharmacovigilance studies have indicated that leukotriene
receptor antagonists (LTRAs) might lead to neuropsychiatric (NP) entities, whereas the conclusions in observational

What does this article add to our knowledge? The association between LTRA use and NP entities was not statistically
significant at the population level. However, increased NP risk may exist in particular groups (eg, patients with allergic
rhinitis or NP history). More studies specific to these subjects are required to further examine the relationship between
LTRAs and NP entities and identify the underlying mechanisms.

How does this study impact current management guidelines? Patients with allergic rhinitis or NP history should be
well informed about the possible NP risks when prescribed LTRAs. Persistent follow-up and timely reports of adverse
reactions are critical for further evaluation of clinical benefits and risks.

BACKGROUND: Leukotriene receptor antagonists (LTRAs) are
commonly prescribed to patients with allergic diseases. Several
case reports and pharmacovigilance studies have indicated that
LTRAs might increase the risk of neuropsychiatric (NP) entities.
However, the results are mixed in observational studies. Thus, the
association between LTRAs and NP entities remains controversial.
OBJECTIVE: To quantitatively evaluate the NP risk with LTRAs
based on current observational studies to provide a reference for
clinical practice.

METHODS: We systematically reviewed the literature in
Medline, Embase, Web of Science, Cochrane Library, Scopus,
and PsycINFO. A meta-analysis of observational studies that
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investigated the association between LTRA use and the risk of
NP entities was performed. Odds ratios (OR) with 95% confi-
dence intervals (CI) were used to measure the effect; heteroge-
neity was evaluated using I-squared (P) statistics. Subgroup and
sensitivity analyses were conducted to assess bias.

RESULTS: Eleven articles were included in the primary analysis.
No significant association was found between LTRA use and NP
entities (OR: 1.08, 95% CI: 0.93-1.24, F = 93.7%). In patients
with allergic rhinitis (AR), a mildly increased NP risk was found
(OR: 1.099, 95% CI: 1.004-1.202). The association between
LTRA use and NP entities was not significant in patients with
asthma (OR: 1.06, 95% CI: 0.90-1.26). LTRAs increased the risk
of NP entities in a single study using data from an asthma clinic
(OR: 9.00, 95% CI: 1.20-69.50), but not in studies from
databases (OR: 1.07, 95% CI: 0.93-1.23).

CONCLUSION: At the population level, LTRAs and NP entities
were unrelated. However, the association may exist in particular
groups (eg, patients with AR or NP history). Subject-specific
studies are required to further examine the relationship between
LTRAs and NP entities and identify the underlying mecha-
nisms. © 2022 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2023;11:844-54)

Key words: Leukotriene receptor antagonist; Neuropsychiatric
entities; Meta-analysis

Leukotriene receptor antagonists (LTRAs), including mon-
telukast, pranlukast, and zafirlukast, were developed in the 1990s.
They have been licensed by the US Food and Drug Administration
(FDA) for the prevention and treatment of asthma; they inhibit
airway inflammatory mediators and relax bronchial smooth mus-
cle."” LTRAs have been adopted as first-line or add-on treatments

Downloaded for Anonymous User (n/a) at Shanghai Jiao Tong University School of Medicine from ClinicalKey.com by Elsevier on
April 02, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.
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Abbreviations used
AR- Allergic rhinitis
CI- Confidence interval
FDA- Food and Drug Administration
HR- Hazard ratio
LTRA- Leukotriene receptor antagonist
NOS- The Newcastle-Ottawa Scale
NP- Neuropsychiatric
OR- Odds ratio
RCT- Randomized controlled trial
RR- Relative risk
SCCS- Self-controlled case series

for asthma in most national guidelines.s’4 In addition, mon-
telukast has been approved for the treatment of allergic rhinitis
(AR) and is currently the most prescribed drug worldwide.’

Although LTRAs were considered safe and well tolerated,®”’
postmarketing reports and pharmacovigilance studies have indi-
cated a possible relationship between LTRAs and neuropsychi-
atric (NP) entities.® Therefore, the FDA announced a label
change for montelukast in 2008 to draw attention to its NP risk.
Concerns have been raised about whether the FDA was over-
reacting as such adverse reactions were not reported in the initial
trials.” A subsequent pooled analysis of randomized controlled
trials (RCT) indicated that LTRA use did not significantly in-
crease the risk of NP entities.'” Clinical trials cannot be expected
to detect rare adverse events. However, evidence from observa-
tional studies is limited as well."""'* In addition, systematic re-
view results have been contradictory. Dixon et al'” found an
increased NP risk in children and young people (<18 years) who
were prescribed LTRAs, whereas 2 other systematic reviews were
inconclusive and emphasized the poor evidence quality that
supported a positive association.'*!”

In 2020, the FDA issued a new boxed warning for mon-
telukast, aiming to overcome its potential NP risk. However,
whether a statistical correlation exists between LTRAs and NP
entities still remains controversial. Previous cohort or case-
control studies have reported inconsistent results, and available
systematic reviews have failed to reach a consensus.'*'*'®!”
Moreover, several large observational studies published recently
have involved new evidence.'®** Consequently, we conducted a
comprehensive meta-analysis of current observational studies to
further examine evidence linking LTRA use to NP entities.

METHODS

We performed a meta-analysis and wrote the manuscript ac-
cording to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement.”’

Literature search and selection criteria

Databases, including Medline, Embase, Web of Science,
Cochrane Library, Scopus, and PsycINFO, were searched for eligible
studies published in any language before May 31, 2022. The
following items were used as keywords: ("leukotriene modifying
agent” OR "leukotriene modifying agents” OR "leukotriene receptor
antagonist’” OR "leukotriene receptor antagonists" OR "mon-
telukast” OR "pranlukast” OR "zafirlukast") AND ("cohort study”
OR  "case-control study” OR "observational study"”). We also
reviewed the references in relevant articles in case of omission of
possible studies.
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The previously conducted RCT's were primarily aimed at assess-
ing the efficacy of LTRAs in patients with asthma or AR, and most
of them were conducted before the montelukast label change. Two
previous studies have pointed out that NP entities may be under-
reported due to a lack of awareness of the connection between
LTRAs and NP risk.'®'® Thus, in the present meta-analysis,
observational studies specifically designed to evaluate the NP risk
in LTRA users were selected. In individual studies, the association
between them needed to be measured by odds ratio (OR), relative
risk (RR), or hazard ratio (HR) to be included in the analysis.
Studies with incomplete data for the meta-analysis were excluded.

Data extraction and quality assessment

Two researchers (LB and YX) independently screened the litera-
ture according to the inclusion and exclusion criteria, and extracted
data from the full text of eligible articles. A third researcher (TP) was
consulted in case of any disagreements. The extracted information
included first author; country or region; study design, population,
and sample size; exposure factors; NP entities in each study; cova-
riates, and OR (or RR/HR) with 95% confidence interval (CI).

The methodological quality of the case-control or cohort studies
was assessed using the Newcastle-Ottawa Scale (NOS; see Table E1
in this article’s Online Repository at www.jaci-inpractice.org).” It
was developed to evaluate the quality of nonrandomized studies™
and has been the most commonly reported tool (39%) in system-
atic reviews.”® It takes several common sources of bias in observa-
tional studies into consideration, including the selection of groups
(comparability), exposure, and confounding factors. The thresholds
for converting the NOS to the Agency for Health care Research and
Quality standards (good, fair, and poor) are provided in Table E2
(available in this article’s Online Repository at www.jaci-inpractice.
org). Two researchers (LB and YX) independently assessed the
quality of the included studies and consulted a third researcher (TP)
in case of disagreements.

Data synthesis and analysis

All statistical analyses were performed using Stata 15.0 (Stata-
Corp, College Station, Texas). Because the absolute risk of NP en-
tities was low (incidence rate < 10%), the OR, RR, and HR were
considered similar.””" We employed OR with 95% CI as the effect
measure for the relationship between LTRAs exposure and the
incidence of NP entities. Forest plots were used to display the in-
dividual and pooled results. Heterogeneity was evaluated using the
I-squared (P) statistic. When it was considered notable (# > 50%),
the random-effects model was selected; otherwise, the fixed-effects
model was selected.

Subgroup analyses were also conducted to adjust for potential
confounding factors such as: (1) the data source (databases or clinical
studies only [ie, excluding studies from databases]); (2) the study
design (case-control or cohort studies); (3) participant type (patients
with asthma or AR); (4) age (children, adolescents, or middle-aged
and eldetly adults); and (5) region (or race). In addition, the label
change of montelukast, which might affect the reporting rate of NP
entities in LTRA users, was also considered. We also performed a
sensitivity analysis for bias assessment, and a funnel plot was used to
evaluate publication bias.

RESULTS
Study selection and characteristics

A total of 1217 publications were obtained from all databases,
and 811 duplicates were eliminated. We screened the abstracts

Downloaded for Anonymous User (n/a) at Shanghai Jiao Tong University School of Medicine from ClinicalKey.com by Elsevier on
April 02, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.
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FIGURE 1. Flow chart of the study selection.

and full texts of the remaining articles and eliminated 395 studies
that did not meet the inclusion criteria. Ultimately, 4 nested
case-control studies, 6 cohort studies, and 1 self-controlled case
series (SCCS)'"12192% were included in the meta-analysis.
Traditional epidemiologic designs include cohort and case-
control studies, which assess the relationship between the expo-
sure and outcome of interest. However, several biases (eg,
confusion bias) would be present in these studies. The nested
case-control study can be considered as a case-control study
within a cohort study, in which controls are matched to cases to
control for the effect of confounders.”” The SCCS method is also
based on the principles of a cohort study. In a cohort study, a
comparison is made between different individuals with and
without exposure to the incidence of an outcome. In an SCCS
study, a comparison is made between different periods the same
people with and without exposure to determine the outcome
incidence. Therefore, confounding factors are better balanced in
an SCCS study than in a cohort study.” The entire study se-
lection process is shown in Figure 1.

Table I summarizes the characteristics of each eligible study
including the first author, region, study design, period, popula-
tion, and sample size. Patients with asthma or AR who were

prescribed LTRAs were compared with patients without LTRA
exposure. Ten studies were conducted based on primary care
databases,*'>17 % and 1 study was conducted using retro-
spective data from an asthma clinic.'® Five studies'>'®*%**%
chose LTRAs as the exposure and the rest'">'®!7!%212
montelukast. We summarized the components of NP entities
and covariates that were adjusted for in each study (Table I).
All the cohort and case-control studies were identified to be of
good quality as assessed using NOS (Table E3, available in this
article’s Online Repository at www.jaci-inpractice.org). The
methodological quality of the SCCS study was assessed using
the tool proposed by Wachira et al,”* which is an adaptation of
the NOS assessment (Table E4, available in this article’s Online
Repository at www.jaci-inpractice.org); the SCCS study was
considered to be of high quality (Table E5, available in this

article’s Online Repository at www.jaci-inpractice.org).

chose

Meta-analysis and bias analysis

Eleven studies'"'>'°** with 1,274,695 participants were
included in the meta-analysis (Figure 2). The incidence of NP
entities did not significantly increase in patients prescribed
LTRAs than in non-LTRA users (OR: 1.08, 95% CI: 0.93-1.24,

Downloaded for Anonymous User (n/a) at Shanghai Jiao Tong University School of Medicine from ClinicalKey.com by Elsevier on
April 02, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.
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TABLE I. Characteristics of the studies included in the meta-analysis

Neuropsychiatric

Covariates adjusted

First author Design Study period Region Age (y) Exposure Sample size entities for OR/RR/HR (95% CI)
S. Dresden Glockler-Lauf'’  Nested case-control 2004-2015 Canada 5-18 Montelukast 898 patients with Anxiety, sleep Socioeconomic status, 1.91 (1.15-3.18)
study asthma, 3497 disturbance, asthma severity,
controls matched mood, number of asthma
for age, sex, and substance drugs used, and
residence related, corticosteroid
personality, prescriptions
schizophrenia,
agitation
Sang Oh Kang®™ Nested case-control 2003-2013  Korea >60 LTRAs 31,922 patients with Mood disorder, Comorbidities 1.67 (1.58-1.78)
study asthma, 31,922 sleep disorder,
controls matched anxiety
for sex, age, disorder,
income personality
disorder,
substance-
related disorder,
agitation,
schizophrenia,
self-harm
disease
Mir M. Ali'! Nested case-control 1998-2009  United States 1-17 Montelukast 1920 patients with  All mental Asthma severity, 1.01 (0.88-1.14)
study asthma, and 5760 illnesses, comorbidities, drug
controls matched extrapyramidal exposures,
for sex, age, and abnormal socioeconomic
region movement status
disorders, and
hallucinations
Po-Yu Huang™* Retrospective cohort 1997-2013  Taiwan <12  Montelukast 12,806 patients with Attention-deficit/  Asthma severity, 1.04 (0.93-1.17)
study asthma and hyperactivity comorbidities
12,806 controls disorder
matched for sex,
age, region
Glen T. Schumock'” Nested case-control 1997-2006  United States 5-24 LTRAs 344 patients with Suicide attempt Asthma severity, 0.74 (0.46-1.20)
study asthma and 3438 comorbidities, drug
controls matched exposure
for sex, age,
region
Yumi Ishikura® Retrospective cohort ~ 2006-2015  Japan >50 LTRAs 20,942 patients with Dementia Sex, age, 0.42 (0.20-0.87)

study

asthma

comorbidities, drug
exposure

(continued)
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TABLE I. (Continued)

First author

Design

Region Age (y) Exposure Sample size

Neuropsychiatric

entities

Covariates adjusted
for OR/RR/HR (95% CI)

Ji-Su Shim”°

. . 21
Veronica Sansing-Foster

Brigitte Benard'®

Ji Soo Park'®

Retrospective cohort

study

Retrospective cohort

study

Retrospective cohort

study

Self-controlled case

series study

Korea 40-79 LTRAs
asthma

United States >6 Montelukast 914,754 patients

with asthma

Canada 1-17 Montelukast 168 patients with

asthma

Korea 3-30 LTRAs
asthma or AR

61,571 patients with Organic mental

disorders;
behavioral
syndromes
associated with
physiological
disturbances
and physical
factors; mood
disorders;
neurotic, stress-
related, and
somatoform
disorders;
unspecified
mental
disorders

depressive

disorder

NA

17,001 patients with Psychotic, mood,

anxiety,
cognitive,
movement,
sleep, and
personality
disorders

Age, sex, smoking, 1.01 (0.83-1.23)
alcohol drinking,

physical activity,

BMI,

comorbidities, other

asthma medications

Sex, age, asthma Inpatient 0.63 (0.37-1.07)*
severity,
comorbidities,
medication use,
history of
psychiatric
disorders,
psychotropic
medications use
Outpatient 1.07 (0.98-1.17)*
Age, sex, ethnicity, 9.00 (1.20-69.50)
asthma phenotype
and control, drug
use, predisposing
conditions,
montelukast dose,
and genetic factors.

Age 1.05 (0.96-1.15)
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1.11 (1.04-1.19)

72,490 patients with Psychotic, mood,  Age, race, sex,

15-64  Montelukast

United States

2015-2019

Retrospective cohort

Tapio Paljarvi'’

comorbidities,
history of NP

anxiety,

asthma

study

dissociative,

diagnoses and

stress-related,
somatoform,
and other

medications use

nonpsychotic
mental

disorders; adult

personality and
behavior

disorders; sleep

disorders; and

nonfatal self-

harm

1.07 (1.01-1.14)

82,456 patients with

AR

AR, Allergic rhinitis; BMI, body mass index; CI, confidence interval; HR, hazard ratio; LTRA, leukotriene receptor antagonist; NA, not available; NP, neuropsychiatric; OR, odds ratio; RR, relative risk.

*HRs for NP entities in patients without an NP history were selected in case of heterogeneity and possible bias.
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P= 93.7%), which indicated that LTRA use was not associated
with NP risk.

Considering the notable heterogeneity among the studies, we
performed subgroup and sensitivity analyses (Table II and
Figure E1, available in this article’s Online Repository at www.
jaci-inpractice.org). In a meta-analysis of studies'>'®?"*
where the participants were children (<12 years), LTRA use
did not increase the risk of NP entities (OR: 0.88, 95% CI:
0.70-1.11, P = 75.2%), which was similar to the results ob-
tained in studies aimed at adolescents'*'®?! (12-18 years; OR:
0.95, 95% CI: 0.69-1.32, P = 85.4%) and middle-aged and
elderly adules®®?*% (>40 years; OR: 1.02, 95% CI: 0.61-1.70,
P = 94.4%) (Figure E2, available in this article’s Online Re-
pository at www.jaci-inpractice.org). Similarly, no positive asso-
ciation was observed between LTRA use and NP entities
irrespective of regional (or racial) (North America vs Asia;
Figure E3, available in this article’s Online Repository at www.
jaci-inpractice.org) and study design (cohort studies vs case-
control studies; Figure E4, available in this article’s Online Re-
pository at www.jaci-inpractice.org) differences. In the analysis of
studies’ "1*'%?! conducted before the montelukast label change,
we found a negative association between LTRAs and NP entities
(OR: 0.92, 95% CI: 0.86-0.98, ° = 0%); the association was
not significant in studies' @'1%21 using data after the label
change (OR: 1.06, 95% CI: 0.94-1.18, I° = 92.5%; Figure 3).
In patients with AR, LTRA use mildly increased the risk of NP
entities (OR: 1.099, 95% CL 1.004-1.202, I = 32.8%);
however, in patients with asthma, the association was not sig-
nificant (OR: 1.06, 95% CI: 0.90-1.26, I = 93.9%; Figure 4).
Ten studies' "' >'7?* were conducted using databases, and our
meta-analysis indicated that LTRA use did not increase the risk
of NP entities (OR: 1.07, 95% CIL: 0.93-1.23, PP = 94.1%;
Figure E5, available in this article’s Online Repository at www.
jaci-inpractice.org). Meanwhile, in a single study based on
retrospective data from one asthma clinic,'® a significantly
increased NP risk was found in patients exposed to LTRAs (OR:
9.00, 95% CI: 1.20-69.50). Visual assessment of the funnel plot
indicated publication bias (Figure 5).

DISCUSSION

In the present meta-analysis, we did not find a significant
increase in the NP risk in patients who were prescribed LTRAs,
which indicated that LTRA use was not clinically relevant in the
development of NP entities. In subgroup analyses, the outcomes
remained consistent irrespective of age, region, study design, and
montelukast label change. However, a mildly increased risk of
NP entities was found in patients with AR, whereas the associ-
ation was not significant in patients with asthma. In addition,
heterogeneity across the included studies was notable (* =
93.7%), which limited the interpretation of our results.

Two previous systematic reviews did not reach a conclu-
sion;' "> NP risk was detected in case reports and pharmaco-
vigilance studies; however, the outcomes of case-control and
cohort studies were inconsistent. Pooled analysis was not con-
ducted because of insufficient observational studies. Law et al'*
proposed the need of more well-designed epidemiological
studies on a larger population to quantify the NP entities risk.
We performed a meta-analysis of previously published, high-
quality cohort, case-control, and latest observational studies.
The results indicated that LTRA use and NP entities were not
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Study %
D OR (95% CI) Weight
i
S. Dresden Glockler-Lauf (2004-2015) E —_— 1.91(1.15,3.18) 4.53
Sang Oh Kang (2003-2013) i = 1.67 (1.57,1.77) 10.84
Mir M. Ali (1998-2009) —-o-i— 1.01(0.89, 1.15) 10.11
Po-Yu Huang (1997-2013) —L:— 1.04 (0.93, 1.17) 10.30
Glen T. Schumock (1997-2006) —_— 0.74 (0.46, 1.20) 4.85
Yumi Ishikura (2006-2015) E 0.42(0.20, 0.88) 2.76
Ji-Su Shim (2002-2015) —O-E— 1.01(0.83, 1.23) 9.09
Veronica Sansing-Foster (inpatient cohort) (2000-2015) _0——5 0.63 (0.37, 1.07) 4.30
Veronica Sansing-Foster (outpatient cohort) (2000-2015) -0‘— 1.07 (0.98, 1.17) 10.59
Brigitte Benard (2011-2016) E é 9.00 (1.18, 68.49) 0.46
Ji Soo Park (2005-2018) —hl- 1.05(0.96, 1.15) 10.57
Tapio Paljarvi (asthma patient cohort) (2015-2019) -IO— 1.11(1.04, 1.19) 10.78
Tapio Paljarvi (allergic rhinitis patient cohort) (2015-2019) -0‘- 1.07 (1.01, 1.14) 10.83
Overall (I-squared = 93.7%, p = 0.000) <i> 1.08 (0.93, 1.24) 100.00
i
NOTE: Weights are from random effects analysis E
T T

2

FIGURE 2. Forest plot of individual and overall effect of odds ratio (OR) for neuropsychiatric entities and leukotriene receptor antagonists.

Cl/, Confidence interval.

TABLE Il. Subgroup analyses

Study characteristic No. of studies OR 95% CI Heterogeneity
Studies based on data before the label change'''*'?! 4 0.92 0.86-0.98 P = 0%
Studies based on data after the label change'®'®'%%! 4 1.52 1.05-2.19 P =925%
Studies on children'>'%2">* 4 0.88 0.70-1.11 P =1752%
Studies on adolescents'>'*! 3 0.95 0.69-1.32 P =854%
Studies on middle-aged and elderly adults®*>*? 3 1.02 0.61-1.70 P =94.4%
Studies from North America''+!>!¢:!7:19:21 6 1.06 0.98-1.15 P =59.1%
Studies from Asia'®2%2%%* 5 1.06 0.79-1.42 P =96.6%
Cohort studies'®'9-2!-2324 6 1.05 0.98-1.13 P =562%
Case-control studies'"'>!7-?? 4 1.25 0.85-1.84 P =94.8%
Clinical studies only (ie, excluding studies from databases)'® 1 9.00 1.20-69.50 -
Studies on databases''+'>!7>* 10 1.07 0.93-1.23 P =91%

Children: <12 years, adolescents: 12-18 years, middle-aged and elderly adults: >40 years.

ClI, Confidence interval; OR, odds ratio.

associated, at least at the population level. The evidence from the
present meta-analysis is persuasive because the results of non-
comparative studies (eg, case reports and pharmacovigilance
studies) were easily confounded, especially considering that AR
and asthma are related to various NP entities, such as sleep
disorders and anxiety.”””” A Danish study discovered that the
risk of depression was more likely to be associated with asthma
than montelukast use.”” We cannot neglect the fact that extreme
NP entities, such as suicide, could not be fully evaluated in
observational studies, which might influence the accuracy of the
results. Suicidal tendencies were detected in several analyses of
global adverse-events reporting databases.*'** However, a British
study discovered that the suicide rate in patients taking mon-
telukast was not higher than that in the normal population.*
Schumock et al** found a negative association between LTRA

use and suicide rate in the United States. These results were
consistent with those of a retrospective review of LTRA clinical
trials by the FDA,” none of which suggested that LTRAs
increased the risk of suicide.

In 2 previous meta-analyses of RCTs,' % no statistical cor-
relation was found between montelukast and NP entities. Con-
cerns were raised about this conclusion because these clinical
trials were not specifically aimed at evaluating NP risk, and thus,
could not adequately assess the occurrence of adverse drug ef-
fects.'”'* However, we obtained similar results in a meta-analysis
of currently available observational studies. In addition, the
montelukast label change was considered as one of the con-
founders, as several studies have observed a significant increase in
the reporting rate of NP entities after the drug safety commu-

.. 8,47 ha
nications. However, the subgroup analysis indicated that
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Before label change of montelukast

Mir M. Ali (1998-2009)
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%
OR (95% Cl) Weight

—_— 1.01(0.89, 1.15) 24.60

Glen T. Schumock (1997-2006)
Ji Soo Park (cohort 1) (2005-2007)
Veronica Sansing-Foster (inpatient cohort) (2000-2007)

0.74 (0.46, 1.20) 1.79

—_— 0.88 (0.73, 1.06) 11.85

Veronica Sansing-Foster (outpatient cohort) (2000-2007)
Subtotal (I-squared = 0.0%, p = 0.511)

After label change of montelukast

Brigitte Benard (2011-2016)

0.94 (0.60, 1.48) 2.02
—— 0.90 (0.83,0.98) 59.73
<> 0.92(0.86, 0.98) 100.00

9.00 (1.18, 68.49) 0.32

Ji Soo Park (cohort 2) (2016-2018) —— 1.11(1.00, 1.23) 19.49
Tapio Paljarvi (asthma patient cohort) (2015-2019) - 1.11(1.04, 1.19) 21.16
Tapio Paljarvi (allergic rhinitis patient cohort) (2015-2019) |—— 1.07 (1.01, 1.14) 21.46
Veronica Sansing-Foster (inpatient cohort) (2008-2015) —_—— 1.08 (0.91,1.29) 14.95
Veronica Sansing-Foster (outpatient cohort) (2008-2015) - 0.91(0.89, 0.93) 22.63
Subtotal (I-squared = 92.5%, p = 0.000) <> 1.06 (0.94, 1.18) 100.00
NOTE: Weights are from random effects analysis
T T
.35 1 3

FIGURE 3. Forest plot of individual and overall effect of odds ratio (OR) for neuropsychiatric entities and leukotriene receptor antagonists
in studies based on data before and after the montelukast label change. C/, Confidence interval.
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S. Dresden Glockler-Lauf (2004-2015)
Sang Oh Kang (2003-2013)
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Brigitte Benard (2011-2016)

Ji Soo Park (2005-2018) -
Tapio Paljarvi (asthma patient cohort) (2015-2019)

Subtotal (l-squared = 93.9%, p = 0.000) <

Allergic rhinitis cohort

Ji Soo Park (2005-2018)

Tapio Paljarvi (allergic rhinitis patient cohort) (2015-2019)
Subtotal (I-squared = 32.8%, p = 0.222)

NOTE: Weights are from random effects analysis

%
OR(95%Cl)  Weight

—_— 1.91(1.15,3.18) 5.66

T

t

- 1.67 (1.57,1.77) 11.68
1.01(0.89, 1.15) 11.07
1.04 (0.93,1.17) 11.23
0.74 (0.46, 1.20) 6.01
0.42(0.20,0.88) 3.61
1.01(0.83,1.23) 10.19
0.63 (0.37, 1.07) 5.41
1.07 (0.98, 1.17) 11.48

VAR

O*+

> 9.00 (1.18, 68.49) 0.64

1.00 (0.90, 1.11) 11.37
1.11(1.04,1.19) 11.64
1.06 (0.90, 1.26) 100.00

119 (1.01, 1.40) 24.85
1.07 (1.01,1.14) 75.15
110 (1.00, 1.20) 100.00

FIGURE 4. Forest plot of individual and overall effect of odds ratio (OR) for neuropsychiatric entities and leukotriene receptor antagonists
in patients with asthma and allergic rhinitis. C/, Confidence interval.

LTRAs were not associated with the risk of NP entities either in
studies before the label change or in those after the label change.

Our findings were contrary to those of the recent systematic
review by Dixon et al,'® which suggested that LTRA use was
related to a significantly increased NP risk in young people (<18

years). Dixon et al'? also included an RCT (MASCOT study), in
which patients prescribed fluticasone and montelukast reported
more NP entities (7 patients [33.3%] reporting 37 NP entities)
than those prescribed fluticasone alone (5 patients [26.3%]
reporting 13 NP entities).”* Nevertheless, several points should
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FIGURE 5. Funnel plot for the assessment of publication bias.
s.e., Standard error.

be noted. First, the MASCOT study was concluded prematurely
because of poor recruitment; inadequate sample size may have
led to false-positive outcomes. Second, NP entities reported in
the fluticasone and montelukast group significantly increased, to
a considerable degree, owing to 1 patient experiencing 20 NP
entities. This seems to indicate that the association between
LTRAs and NP entities is specific to individuals rather than
general groups. Finally, even if an excess of NP entities truly
exists, it cannot be ascertained whether they are caused by
LTRA:s, in view of the overlap with behavioral changes associated
with normal development in children.”’

The current meta-analysis suggested that patients with AR
seemed to have a higher LTRA-associated NP risk than patients
with asthma. Caution should be exercised with regard to the
interpretation of such results. The increased NP risk in patients
with AR was mild (OR: 1.099, 95% CI: 1.004-1.202), which
may be confounded. AR symptoms are common in patients with
asthma;’® however, increased NP risk was not found in these
subjects. In addition, because only 2 studies'®'” evaluated the
association between LTRAs and NP entities in patients with AR,
the reduction of statistical power in the subgroup analysis should
be taken into consideration. Therefore, more evidence is required
to reach a definitive conclusion.

The biological mechanisms of LTRAs and NP entities remain
unknown. Nitric oxide, which is produced when LTRA binds to
leukotriene receptors, is considered to be a potential cause for NP
entity-induced brain tissue injury.”' The reduction of LTRA-
induced neuroinflammation reportedly improves memory
impairment.”> LTRAs are widely used as anti-inflammatory
drugs for the treatment of allergic diseases. Nevertheless, in
clinical practice, only a portion of patients in whom leukotrienes
play a major role in inflammatory reactions may benefit from
them.” Several single nucleotide polymorphisms (rs12436663 in
MRPP3, rs517020 in GLT1DI1, etc) were found to have a
bearing on different responses (mainly manifested as improve-
ment of lung function) to LTRA therapy.” Thus, it was hy-
pothesized that adverse drug reactions have a genetic basis.”*
Umetsu et al”” searched drug-gene interaction databases,
including DGIdb, STITCH, and DSigDB, and found several
potential genes (eg, hypocretin neuropeptide precursor genes and
kalirin RhoGEF kinase genes) that linked montelukast and mood

J ALLERGY CLIN IMMUNOL PRACT
MARCH 2023

disorders or depression. A new hypothesis has been proposed that
genetic variation might affect the LTRA metabolism, thereby
producing neuroactive substances.”* However, this still requires
further demonstration in pharmacogenomic studies.

An obvious limitation of our study was the high heterogeneity,
which was not satisfactorily explained in the subgroup analyses.
Heterogeneity could be relevant for multiple reasons. First, the
definition of NP entities differed widely among the included
studies, ranging from mild symptoms to suicides. In reality, the
incidence of various NP entities differs. For instance, the inci-
dence of sleep disturbance or depression is approximately 0.1%
to 1%, whereas that of suicidal thoughts and actions is
<0.01%.% As a result, the conclusions of individual studies may
be contradictory. Pooled analyses of studies with the same NP
outcomes were not conducted, given that each study reported
different NP entities. However, we noticed that increased NP
risks were detected only in studies where the outcome was a
composite of NP entities;'"'”?? in studies where the outcome
was a single NP entity, no significant association was
observed.'>??>?* Therefore, a standardized nomenclature of
defining NP entities is necessary. Previous studies have indicated
that very rare NP outcomes, such as suicidal thoughts or actions,
were unlikely to result from LTRA use.'”**** Future studies can
be more specific to the NP entities that have been frequently
reported or found potentially associated with LTRAs (eg, agita-
tion, mood disorders, and sleep disturbances).@ Second, partial
subjects in Paljarv et al's'” study had an NP history, whereas
other studies excluded patients with a history of NP diag-
nosis.' 1 #1018202% This could possibly explain the heteroge-
neity. In the study by Sansing-Foster et al,”' most NP entities
(93%) occurred in subjects with a history of NP diagnosis, which
indicated that patients with and without an NP history might
have different risks for development of NP entities. Third, most
included studies were conducted using health insurance claims
databases, in which several covariates, such as genetic back-
ground, could not be adjusted. If development of
LTRA-associated NP entities exists only in a specific population,
retrospective studies derived from large databases are not suitable,
because the sign of increased risk could be easily masked. Finally,
recall bias from retrospective studies and publication bias of the
included studies could also be possible sources of heterogeneity.

In summary, LTRA use does not seem to be a definite risk
factor for the development of NP entities at the population level,
based on currently available evidence. However, for particular
groups (eg, patients with an AR or NP history), an association
may exist and should be considered. In clinical practice, these
subjects should be well informed about the possible NP risks
when prescribing LTRAs. Persistent follow-up and timely reports
of adverse reactions are critical for the evaluation of clinical
benefits and risks. In addition, prospective studies are required to
further identify the groups who may have a higher risk of
developing NP entities when exposed to LTRAs. For individuals
who definitely develop NP entities, studies (eg, pharmacoge-
nomics studies) are needed to investigate the underlying mech-
anisms. These will help to guarantee the safety of clinical
administration.
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