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ABSTRACT
Background National and international asthma guidelines 
recommend adjusting asthma treatment based on levels of 
control, yet no guidance is given regarding the stepping- 
down of montelukast in children and young people (CYP).
Objective To systematically review evidence regarding 
deprescribing montelukast in CYP with established 
asthma.
Design Systematic review.
Data sources Embase, Medline, PubMed and CINAHL 
were searched up to October 2020.
Study selection Eligible studies contained patients aged 
0–18 years with a diagnosis of asthma, who had been 
administering montelukast before it was withdrawn. All 
reasons for withdrawal were included.
Results The search identified 197 papers. After 
deduplication, five papers were included (three 
randomised control studies and two cohort studies). Four 
studies observed the impact of montelukast withdrawal 
for 2 weeks, and one study for 8 weeks. The impact 
of withdrawal was measured in the studies using a 
combination of lung tests (eg, forced expiratory volume 
in 1 s (FEV1), fractional exhaled nitric oxide (FeNO)), 
asthma scoring methods and exercise challenges. Of the 
17 domains in the Core Outcome Set for Clinical Trials in 
Childhood Asthma, eight outcomes were measured in at 
least one of the five studies, with all five studies measuring 
the outcome of ‘Lung Function’. No significant differences 
were found between the montelukast and placebo groups 
following montelukast withdrawal. Significant differences 
between the comparator points within the test group were 
found in nine outcomes across four studies; FEV1/forced 
vital capacity, FEV1, forced expiratory flows (25%–75%), 
asthma score (study specific), maximum % fall in 
FEV1 and time to recovery (post exercise) significantly 
decreased whereas FEV1/bronchodilator response, FeNO 
and eNO significantly increased.
Conclusion Only limited, contradictory and short- 
term effects of deprescribing montelukast in CYP with 
established asthma are presented in literature. Definitive 
studies determining clinical stability, and impact of 
deprescribing montelukast in CYP are imperative to 
improve the safety of asthma treatment in CYP.
PROSPERO registration number CRD42020213971.

INTRODUCTION
Asthma is a disease of lung inflammation and 
small airway constriction, and affects more 
than 338 million people globally.1 It is the 
most common chronic disease in children 

and young people (CYP).2 Asthma can be of 
variable severity, with symptoms induced by 
a range of factors such as exercise, viruses 
or pollen.3 As a result, the dose and class of 
asthma medication hugely varies between 
individuals in order to ensure an effective, 
personalised treatment plan. This ratio-
nale is encouraged by national and interna-
tional guidelines which aid clinicians in their 
decision- making.4–8 However, there are some 
ambiguities in the current guidelines.

One drug included in most guidelines is 
montelukast, the 16th most prescribed medi-
cation globally in 2020.9 Although some-
times prescribed as a first- line treatment, 
montelukast, a leukotriene receptor antag-
onist, is commonly prescribed as an addi-
tional therapy for patients whose asthma is 
not controlled by inhaled corticosteroids; 
its use therefore depends on the needs of 
a patient at a particular time.7 10 While the 
addition and stepping down of treatment 
is encouraged by asthma guidelines, the 
process of deprescribing montelukast is not 
clearly described.4–8 There is clarity about 
when montelukast is ineffective, where guide-
lines state that montelukast treatment should 
be stopped after an initial trial period.5–7 
However, no montelukast- specific guidance 
is given for the deprescribing of this drug 
following the achievement of ‘good asthma 
control’—the definition of which is poorly 
defined.4 This is a possible consequence of 

Strengths and limitations of this study

 ► With montelukast commonly used globally, this 
review did not limit publication eligibility based on 
language.

 ► This systematic review was conducted in accor-
dance with Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses guidelines, and there-
fore, regarded as methodologically solid by health-
care professionals (audience).

 ► Some papers had to be excluded due to uncertain-
ties regarding patients’ formal asthma diagnosis.
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the lack of data regarding the deprescribing of montelu-
kast in literature.11

This systematic review aims to collate the current 
knowledge base around the deprescribing of montelukast 
in CYP with asthma. The primary aim was to identify the 
impact of montelukast withdrawal on paediatric patients’ 
asthma symptoms and control using the Core Outcome 
Set for Clinical Trials in Childhood Asthma (COS). The 
longevity in which the impact of montelukast withdrawal 
was examined for in the literature was also reviewed.

METHODS
Our systematic review is reported in line with the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses guidelines.

Eligibility criteria
Eligible studies contained patients aged 0–18 years with a 
diagnosis of asthma and to whom montelukast had been 
administered before it was withdrawn. Studies which 
contained both adult (≥18 years) and paediatric data were 
included if the relevant data (information regarding the 
deprescribing on montelukast) were recorded separately 
from the adult data. Human studies in any language and 
with any publication date were included. All primary 
research study designs including randomised controlled 
trials (RCTs) and cohort studies were eligible. Case 
reports were also included to ensure patient experience 
regarding the deprescribing of montelukast was included. 
No narrative reviews or editorials were included. The 
primary objective was to identify the impact of montelu-
kast withdrawal on a patient’s asthma symptoms and 
control (including lung function, inflammation, etc) 
using the COS.12 The secondary objective was to review 
the time over which the withdrawal of montelukast in CYP 
was measured.

Search strategy and study selection
In September 2020, we searched Medline, PubMed, 
EMBASE and CINAHL using a combination of MeSH and 
free text subject headings, where appropriate, to include 
the research question (see online supplemental table 
S1 for complete search strategy). The primary author 
(EGD) screened the titles and abstracts of all identified 
studies using the eligibility criteria. Eligible studies were 
additionally screened using the full text. This process 
was repeated independently by the second author (CK) 
in October 2020. Subsequently, the authors selected the 
eligible studies; a separate author (DH) independently 
resolved disagreements between the authors at the full 
text stage. Reference lists of eligible papers were manu-
ally screened for additional papers.

Patient and public involvement
The paediatric pharmacology team were awarded an 
NIHR Research Design Service public involvement grant 
and used this to ascertain input from both the Young 

Persons Advisory Group as well as a group of young 
people with asthma based at Alder Hey Hospital about 
research around the deprescribing of montelukast. The 
groups were supportive of research into montelukast 
deprescribing in CYP, and further understanding of this 
issue.

Quality assessment
RTCs were appraised using the Cochrane Revised Collab-
oration’s Risk of Bias Tool13 and cohort studies using The 
Newcastle- Ottawa Quality Assessment Form14 (online 
supplemental tables S2,S3). This was conducted inde-
pendently by two authors (EGD and DH). There were no 
discrepancies.

Data extraction and synthesis
Data were extracted by two authors independently (EGD 
and DH). From each study, specific data were extracted 
related to the domains detailed in the COS (including 
the impact of montelukast withdrawal on asthma exac-
erbations, lung function and inflammation, and quality 
of life.12 Results were additionally categorised into short- 
term (0–6 weeks), medium term (6 weeks to 6 months) 
and long- term effects (>6 months).

Statistical methods
Results are collated and reported descriptively. Meta- 
analysis was not appropriate.

RESULTS
After duplicates were removed, the search identified 197 
papers. We excluded 182 papers based on the title and 
abstract and a further 10 following full- text screening. Five 
papers met the eligibility criteria (figure 1). The eligible 
papers comprised three RCT and two cohort studies. In 

Figure 1 Search strategy.
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total 155 patients were included, of which 107 were both 
administered, and withdrawn from, montelukast. Further 
characteristics of the studies are presented in table 1. The 
design of each study including montelukast administra-
tion and withdrawal is shown in figure 2.

Risk of bias of included studies
Online supplemental tables S2, S3 show the results of 
the risk of bias assessments for the five papers exam-
ined. Both cohort studies show an overall low risk of bias, 
but one (Lee et al) demonstrated some uncertainly due 
to the selection of the non- exposed cohort (no control 
group).15 16 The RCTs were judged to have low risk.17–19

Montelukast withdrawal: comparator points
The studies conducted by Bratton et al, Montuschi et al 
and Lee et al all measured the impact of montelukast with-
drawal using their chosen criteria by comparing asthma 
symptoms on the final day of montelukast treatment to 
those on the final day of the wash- out period (figure 2). 
Montuschi et al further compared the treatment group to 
a placebo group with Bratton et al using match controls 
(no- placebo administered). Lee et al did not use a placebo 
or control group.

Kim et al measured the impact of montelukast with-
drawal by comparing the asthma symptoms of the ‘Period 
One’ treatment group on the final day of montelukast 
administration (end of week eight) to the asthma symp-
toms of the ‘Period Two’ placebo group on the final day 
of placebo administration (end of week 16). As illustrated 
in figure 2, at the end of ‘Period One’, the participants 
were unblinded, and the placebo group participants were 
removed from the study. The ‘Period One’ montelukast 
group was subsequently re- randomised for ‘Period Two’.

Kim et al measured the impact of montelukast with-
drawal by comparing asthma symptoms at baseline (week 
1) with those following placebo administration (week 
three or week six) (figure 2). It should be noted that 
montelukast administration for ≥one month was an inclu-
sion criteria in Kim et al’s study design and therefore by 
comparing those participants taking placebo to the base-
line, the impact of deprescribing is being measured. The 
same comparisons were also made following montelukast 
administration (week 3 or week 6) (figure 2).

Core outcomes set
Across the five eligible studies, the impact of with-
drawing montelukast from children with asthma was only 
measured against eight of the 17 COS (table 2). A total of 
20 outcomes, measured using 13 unique measures, were 
used to quantify change in individuals before and after 
montelukast was withdrawn. No data regarding the COS 
of death, growth, long- term health- related problems, 
long- term adverse effect, ability to carry out ‘normal activ-
ities’, quality of life, school attendance, general practice/
accident and emergency attendance and hospital admis-
sion were presented in any of the five studies.

Exacerbation
Kim et al18 used the Child Asthma Control Test (C- ACT) 
questionnaire to assess asthma control in both the 
placebo and test group.20 No significant difference was 
found between changes in C- ACT score between treat-
ment groups or the comparator points. Lee et al16 also 
used an asthma scoring system which monitored factors 
including asthma exacerbations. Asthma scores did not 
significantly change during the 2- week wash- out period 
post montelukast administration (weeks 4–6, figure 2). 
Full details of this asthma scoring system were not able 
to be identified. In addition, Lee et al16 recorded that 2 of 
the 13 patients experienced mild asthma attacks during 
this 2- week period, demonstrating a worsening of asthma 
control (table 3).

Daytime and nocturnal symptoms
The C- ACT questionnaire used by Kim et al18 included 
an assessment of daytime and nocturnal symptoms.20 
No significant difference was found between changes in 
C- ACT score between the placebo and test groups or the 
comparator points.18 The asthma scoring systems used by 
Lee et al16 also described monitoring factors including 
daytime and nocturnal symptoms. The asthma score 
did not significantly change during the wash- out period 
(weeks 4–6, figure 2). However, between weeks 8 and 16 
(figure 2), there was a significant decrease (p<0.05) in the 
asthma score (improved symptom control) of the period 
2 placebo group used by Kim et al17 which accounted for 
daytime and night- time asthma symptoms (table 4). Full 
details of this asthma scoring system were not able to be 
identified.17

Activity or exercise
The C- ACT questionnaire used by Kim et al 18 included 
an assessment of exercise.20 No significant difference 
was found between changes in C- ACT score between 
the placebo and test groups or between the comparator 
points. However, in the study conducted by Kim et al17 the 
time taken for a patient’s forced expiratory volume in 1 s 
(FEV1) to return within 10% of their pre- exercise baseline 
following a standardised exercise challenge significantly 
decreased (p<0.050) between the end of montelukast 
administration and the end of the wash- out period (weeks 
8 and 16 of the period 2 placebo group, figure 2), demon-
strating an improvement in asthma control (table 4).

Short-term adverse effects
Reports of a mild headache subsisting spontaneously 
2 days after montelukast withdrawal were recorded by Lee 
et al.16

Lung tests
All five studies undertook lung function tests to assess the 
impact of montelukast withdrawal on lung function.

The change in FEV1 between comparator points 
was measured in two of the five studies (table 3).18 19 
Montuschi et al19 recorded a significant decrease (p=0.011, 
table 4) in FEV1 between the final day of montelukast 
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administration and the end of the wash- out period 
(figure 2) demonstrating a reduced pulmonary function 
(worsening of asthma symptoms) following montelukast 
withdrawal (table 4). However, Kim et al18 recorded no 
significant change.

Both Kim et al 18 and Montuschi et al19 recorded a 
significant decrease (p=0.03 and p<0.003, respectively) 
in FEV1/forced vital capacity (FVC) values (table 4) 
between comparator points (figure 2), demonstrating a 
worsening of asthma symptoms. This was further shown 
by Kim et al 18 through the significant increase (p=0.04) 
in FEV1/bronchodilator response between comparator 
points (figure 2), demonstrating an increase in bronchial 

hyper‐responsiveness following montelukast withdrawal 
(table 4). Montuschi et al19 also described that forced expi-
ratory flows (25%–75%) significantly decreased (p<0.03) 
between comparator points (figure 2).

Montuschi et al19 recorded a significant increase 
(p=0.023) in fractional exhaled nitric oxide (FeNO) 
following the wash- out phase (weeks 5–7, figure 2), 
demonstrating an increase in eosinophilic airway inflam-
mation (tables 3 and 4). Changes in eNO recorded by 
Lee et al16 also demonstrate a reduced pulmonary func-
tion (significant increase, p=0.011) during the wash- out 
period (figure 2, table 4), however, Bratton et al15 recorded 
a non- significant change for the same measure (table 3).

There were no significant changes during the wash- out 
periods in PEFR and Impulse Oscillometry in Small 
Airways across any of the five studies (table 3).

Time frame
Four studies15 16 18 19 observed the impact of montelukast 
withdrawal (a wash- out period) for 2 weeks (short term) 
and one study17 for 8 weeks (medium term). No study 
examined the long- term effects (>6 months) of montelu-
kast withdrawal.

DISCUSSION
Interest in stepping down montelukast has heightened 
since the FDA applied a boxed warning to montelukast 
in March 2020 due to the increasing number of neuro-
psychiatric events reported.21 22 Since then, further 

Figure 2 The design of the eligible studies. Where the 
participants in studies were split into treatment groups, each 
group is shown in parallel.

Table 2 Presence of core outcome set (COS) in studies

Domains of COS
COS for school- aged children with 
asthma

Kim et al, 
202018

Bratton et al, 
199915

Montuschi 
et al, 200719

Lee et al, 
200516

Kim et 
al, 200417

Symptom control Daytime symptoms +* – – +* +*

Death – – – – –

Exacerbations +* – – +* –

Lung tests + + + + +

Nocturnal symptoms +* – – +* +*

Parent/child global assessment of control + – – – –

Use of reliever inhaler – + – + –

General health 
impact

Growth – – – – –

Health- related problems when older – – – – –

Long- term adverse effect – – – – –

Short- term adverse effect – – – + +

Healthcare 
required

GP/A+E attendance – – – – –

Hospital admission – – – – –

Life factors Activity or exercise +* – – – +

Normal activities – – – – –

Quality of life – – – – –

School attendance – – – – –

*Parameter included in asthma severity score. Full details of all asthma severity scores were not detailed in the studies.
A+E, accident and emergency; GP, general practice.
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concerns regarding the adverse drug reactions attributed 
to montelukast in CYP with asthma have been outlined in 
a recent PROSPERO systematic review.23

Despite these, this review highlights the limited 
number of studies which have formally examined the 
stepping down from montelukast in CYP with diagnosed 
asthma. Within identified studies, only 119 CYP have 
been included, split between a range of methodologies, 
all of which limit clinical interpretation and implemen-
tation. The five eligible papers primarily examine lung 
function as a proxy for asthma. Measuring lung function 
is a commonplace technique used to understand and 
aid the diagnosis of asthma. However, for most methods 
of measuring lung function, there is very little informa-
tion about how the measure relates to asthma manage-
ment in children in RCT or large longitudinal studies.24 

For example, Murray et al concluded that the diagnostic 
algorithm, which uses data from FEV1, FeNO and FVC 
measurements, was inaccurate.25 Therefore, the use of 
lung function measures, of which make up 14 of the 
18 measures undertaken across the eligible studies, do 
not significantly help with the clinical understanding of 
the impact of montelukast withdrawal in children with 
asthma.

Additionally, there were few domains from the rele-
vant core outcomes captured and examined. There was 
only one study that aligned their outcomes with the COS, 
examining a maximum of 6 of the 17 domains (table 2).12

Lastly, the studies examine the effect of the withdrawal 
of montelukast over a short time frame relative to the 
expected length of treatment. With four of the five studies 
only observing the patients for 2- week postfinal montelu-
kast administration, only some aspects of the impact 
deprescribing montelukast has on patients in the imme-
diate post- administration phase have been examined. As 
a result, the only knowledge found in literature regarding 
the effects of deprescribing montelukast for a period 
greater than 2 weeks comes from 64 paediatric asthma 
patients in a single study.17 Further studies examining 
the deprescribing of montelukast in CYP with asthma 
over longer time periods to capture events like effects of 
seasonality, growth and longer- term school attendance 
and attainment (with regard to known neuropsychiatric 
adverse effects) are necessary.

Strengths and limitations of this study
This is the first systematic review of deprescribing montelu-
kast in paediatric asthma patients, and while limited data 
were identified, this provides a clear direction in terms of 
the outcomes that need to be captured (improved align-
ment with the COS) and the study designs (eg, longer 
time frames) in future research.

However, a limitation of this review is the unknown 
contents of the two asthma scoring systems used by Lee et 
al and Kim et al.16 17 Although some of the factors included 
in these scores are listed in their publications (eg, night- 
time symptoms) and therefore included in table 2, the 
extent of the scores could not be examined as part of this 
review. It is possible that certain factors outlined in by the 
COS for trials of childhood asthma were examined as part 
of the scoring systems used. However, these were small 
studies, comprising only 41 paediatric asthma patients in 
total, and even if a large number of domains with the COS 
were captured, it is unlikely to have affected our view that 
the impact on children with asthma is not well described. 
Additionally, it is possible that individual factors examined 
in the scoring systems did significantly change between 
comparator points, but the overall asthma score did not 
and therefore the change in the factor was masked.

CONCLUSION
To conclude, the knowledge regarding the impact of 
deprescribing montelukast in children with asthma 

Table 3 Significant differences following the deprescribing 
of montelukast|

Study Measure

Significant 
difference 
between the 
test group 
and placebo 
following 
montelukast 
withdrawal

Significant 
difference 
between the 
test group/
group of 
interest 
between the 
comparator 
points

Kim et al 
202018

FEV1 No No

FEV1/FVC Yes

IOS No

FeNO No

C- ACT* No

FEV1/BDR Yes

Bratton et 
al 199915

eNO N/A No

Montuschi 
et al 200719

FeNO No Yes

FEV1 Yes

FEV1/FVC Yes

FEF (25%–75%) Yes

Lee et al 
200516

eNO N/A Yes

PEFR No

Asthma score No

Asthma attack N/A (2)

Kim et al 
200417

Asthma score No Yes

Maximum % fall 
in FEV1

Yes

Time to recovery Yes

The recorded outcomes of deprescribing montelukast in children 
with established asthma.
BDR, bronchodilator response; C- ACT, Child Asthma Control Test; 
FEF, forced expiratory flows; FeNO, fractional exhaled nitric oxide; 
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; 
NA, not available.
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in relation to the COS for Clinical Trials in Childhood 
Asthma12 in literature is limited, contradictory and only 
the short- term effects of stepping down this therapy are 
known. Definitive studies determining clinical stability, 
and impact of deprescribing montelukast in CYO are 
imperative in order for guidelines to fully reflect the 
overall impact of stepping down this treatment in 
children.

Twitter Daniel B Hawcutt @pharmaforkids
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