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Abstract
Purpose Montelukast is a leukotriene receptor antagonist
used in asthma and rhinitis treatment. Despite being marketed
nearly two decades ago, little is known about its utilisation
pattern.
Methods Using the Danish National Prescription Registry, we
identified subjects filling a montelukast prescription between
1998 and 2017. Using descriptive statistics, we reported the
development in incidence, and prevalence, as well as a measure of treatment duration, and concomitant use of asthma- or
anti-allergic therapy.
Results We identified 147,247 individuals filling 1,327,489
montelukast prescriptions. A total of 54,349 users (37%) filled
only one montelukast prescription. The prevalence increased
from 0.9/1000 persons in 1998 to 3.3/1000 persons in 2016.
The rate of new users reached its maximum of 2.1/1000
person-years in 2009. Among new montelukast users, 28%
were still users after 1 year. Among all montelukast initiators,
60% filled at least one prescription of short-acting beta-2Electronic supplementary material The online version of this article
(doi:10.1007/s00228-017-2286-3) contains supplementary material,
which is available to authorized users.
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agonists (SABA) up to a year prior to montelukast initiation,
and 49% filled a prescription of inhaled corticosteroids (ICS).
Only 0.8% (n = 1148) of all individuals initiated montelukast
without a redeemed prescription of short- or long-term inhalation therapy, systemic antihistamines, or nasal topical antiallergic treatment.
Conclusions The usage of montelukast has increased over
threefold since its market entry in 1998, mainly driven by an
increased number of prevalent users. The majority of individuals who initiated montelukast filled a prescription of SABA
up to a year prior to montelukast initiation, whereas almost
half filled a prescription of ICS.
Keywords Pharmacoepidemiology . Montelukast . Asthma

Introduction
Asthma is the most common chronic disease among children
and young adults worldwide, and it is estimated that 300 million people suffer from the disease [1]. The disease is
characterised by a changeable symptom profile including
wheezing, cough, shortness of breath and variable expiratory
airflow limitation [1].
Leukotriene receptor antagonists (LTRA) were marketed in
1998 as non-steroid oral add-on therapy to inhaled corticosteroids (ICS) in patients with mild to moderate chronic asthma.
LTRAs specifically block cysteinyl leukotriene receptor type
1, which plays a major role in the pathophysiology of asthma
by mediating mucus inflammation which induces
bronchoconstriction [2]. Studies have confirmed the benefits
of LTRAs in alleviating symptoms of airway obstruction and
reducing airway eosinophilic inflammation [3]. Although
LTRAs are considered less effective than ICS, they may be
appropriate for initial controller treatment for some patients
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using low dose controller medication in combination with asneeded reliever medication, according to the Global Initiative
for Asthma guideline [1].
Since entering the market, the indication for LTRA treatment has been expanded to include exercise-induced asthma,
and symptomatic treatment of seasonal and perennial rhinitis
[4]. However, there have also been indications of off-label use
[5] including treatment of nasal polyposis [6], allergic
bronchopulmonary aspergillosis [7] and particularly in chronic obstructive pulmonary disease (COPD) [8]. Although
COPD is not a therapeutic indication of montelukast, studies
have shown that when used as add-on in routine treatment
protocol, montelukast improves pulmonary function tests,
dyspnea scores and quality-of-life scores in patients with stable COPD [9].
Despite that montelukast, the most commonly prescribed
LTRA, has been on the market for almost two decades, very
little is known about its pattern of usage over time [10]. Few
studies have focused on either on specific populations [11–13]
or users with a specific diagnosis [14, 15], but none have
assessed the usage over time in an entire nation.
Therefore, we aimed to describe the use of montelukast
treatment in Denmark since its market entry in 1998, using
standard drug utilisation statistics developed for individuallevel prescription data [16].

Methods
In this drug utilisation study, we described the outpatient use
of montelukast during the period from 1 March 1998 to 31
December 2016, among the entire Danish population, including assessment of duration of use and potential off-label use of
montelukast.

Data sources
We retrieved data from three Danish nationwide registers: The Register of Medicinal Products Statistics
[17], The Danish National Patient Register [18] and
the Danish Civil Registration System [19]. Due to the
unique Central Persons Register (CPR) number, and
the Danish National Health Service provides taxsupported health care for the entire Danish population, it is possible to conduct true population-based
register-linkage studies covering the entire population
[19]. Therefore, users can be followed using the CPR
number across pharmacies and thus all dispensings for
an individual subject during the study period were
included. For a detailed overview of the three registers, please refer to Supplementary Appendix 1.

Study drugs
Montelukast (ATC, R03DC03) is the only LTRA that
has been marketed in Denmark. The defined daily dose
(DDD) for montelukast is 10 mg, according to the
WHO Collaborating Centre for Drug Statistics
Methodology ATC/DDD index [20].
We considered each person as a ‘current user’ on a
given day if they had filled a montelukast prescription
with enough doses to cover that day. The duration
of each prescription was defined as the number of
tablets dispensed (i.e., assuming a consumption of
one tablet per day), while adding 25% to the duration
to account for irregular prescription refills and/or
non-compliance. The addition of 25% to the duration
of therapy is based on a definition of 80%
compliance, which is used as an arbitrary cut-off defining compliance in traditional compliance research
[21, 22].

Analysis
We defined users as patients redeeming one or more
prescriptions of montelukast in a given year. For each
calendar year (1998 up to 2017), we calculated the
amount of DDD filled per person.
To describe the trend in amount of montelukast
used per person each year, we calculated the total
number of users of montelukast per year from 1998
up to 2017 and the total annual amount of DDDs
filled within the same period.
We calculated point prevalence proportions, i.e.,
the number of current users per 1000 in the population,
from 1998 up to 2017 using the total population living in
Denmark 1 January of each relevant year as the denominator. The sex and age-specific (1-year intervals)
prevalence proportion for 2016 was reported.
To d e s c r i b e d u r a t i o n o f t r e a t m e n t , w e u s e d
the ‘proportion of patients covered’ (PPC) method
[23]. In brief, we followed all individuals from the
date of their first montelukast prescription. Over time,
we estimated the proportion of all subjects still alive
after X days that seemingly still used montelukast at
that day (defining current use as in the analysis of
point prevalence). Thereby, an individual could be
regarded as dropped out of treatment at one point in
time and later be re-classified as current user upon
filling a new prescription. We divided the analysis
into the following age groups: 0–18, 19–39, 40–64
and 65–90+ years old.
Stata version 14.1 (StataCorp, College Station, TX, USA)
was used for all analyses.

Eur J Clin Pharmacol

Results
Demographics
During the study period (1 March 1998 to 31 December
2016), 147,247 subjects filled 1,327,489 montelukast prescriptions with a total of 68,443,728 DDDs. A total of
54,349 (37%) individuals filled only one montelukast prescription during the study period, whereas 37,828 (26%),
and 62,639 (43%) filled 2–4, and 5+ prescriptions, respectively. The median number of DDDs filled per prescription was 28
(inter-quartile range [IQR] 28–98).
The median age of montelukast initiation was 35 years (IQR
10–57 years). The majority of users were females (54%,
n = 78,760), and women initiated montelukast at a later age than
male users (female median age 41 years [IQR 15–59 years],
male median age 24 years [IQR 6–53 years], p < 0.001). In total,
76% had a Charlson Comorbidity Index of 0, 5.2% had an
asthma-related discharge diagnosis 1 year prior to montelukast
initiation, and 2.5% had a COPD-related discharge diagnosis;
0.3% had both an asthma- and a COPD-related discharge diagnosis within a year before montelukast initiation. The majority of
users (60%) filled at least one prescription of short-acting beta-2agonists (SABA) up to a year prior to montelukast initiation, and
49% filled a prescription of ICS.
The demographic characteristics of users initiating
montelukast are presented in Table 1.

current users of montelukast a year after filling their first prescription. The lowest proportion still treated after 1 year was
among the 18–39-year-old users (21%), whereas 33% of the
users aged 65–90+ years were still treated 1 year after their
first filled prescription.
Similar results were obtained when stratifying by sex or
calendar time (data not shown).
Concurrent medication
Among all users initiating first-ever montelukast, 7.7% filled a
prescription of SABA, SAMA or a combination without filling
a prescription of LABA, LAMA, ICS (or combinations), nasal
topical anti-allergic treatment or systemic antihistamines. In
total, 31.7% initiated LABA, LAMA, ICS, SABA and
SAMA (or combinations) within a year prior to montelukast
initiation (Table 2). Only 0.8% (n = 1148) did not redeem a
prescription of LABA, LAMA, ICS, SABA, SAMA, systemic
antihistamines or nasal topical anti-allergic treatment within a
year prior to montelukast initiation. The proportion of
montelukast initiators who did not fill a prescription of shortor long-term inhalation therapy increased throughout the study
period, whereas the proportion of non-users of short- and longterm inhalation therapy, nasal topical anti-allergic treatment and
systemic antihistamines remained stable (Appendix Fig. 1).

Discussion
Prevalence, incidence and amount used
The total amount of DDDs was 729,358 in 1998, and
5,459,839 in 2016. The total amount of DDDs used from
1998 to 2016 is presented in Fig. 1.
The number of montelukast users (point prevalence) increased during the study period, from 0.9 per 1000 persons
in 1998 to 3.3 per 1000 persons in 2016 (Fig. 2). The full age
spectrum for prevalence of montelukast use at the end of the
study period (2016) is provided in Fig. 3, showing a bimodal
configuration with peaks among 2–10-year category, and
again among 50–70 year olds, but with large variation within
the individual years.
The incidence rates from 1998 to 2015 show a bimodal
curve (Fig. 4). The number of incident users decreased from
1998 to 2004 (from 1.8 per 1000 person-years in 1998 to 0.7
per 1000 person-years in 2004), and increased from 2004 to
2009 where it reached its maximum (2009 incidence rate: 2.1
per 1000 person-years).
Duration of usage
The proportion of montelukast users who followed their initial
prescription over time depended on age, as presented in Fig. 5,
with persistence increasing with age. Overall, 28% were

This is the first study to report a nationwide utilisation of
montelukast, a LTRA used in asthma treatment or as symptomatic relief of (allergic) rhinitis. We found an increase in the
usage of montelukast, mainly driven by the increased number
of prevalent users. The incidence rate showed a bimodal curve
over time, with a maximum in 2009, and a steadily increasing
point prevalence proportion from 2006 to 2016. The majority
of individuals who initiated montelukast filled a prescription
of SABA up to a year prior to montelukast initiation, whereas
almost half filled a prescription of ICS. Only 0.8% did not fill
a prescription of medication, which may be indicative of a
relatively limited ‘off-label’ use of montelukast.
The study has several strengths. The nationwide setting
allows the analysis of montelukast use in the entire Danish
population regardless of socioeconomic or insurance status.
The completeness of Danish Register of Medicinal Products
Statistics allowed the analyses to be conducted over a 19-year
period with no risk of recall bias or dropout [17].
The study’s main limitation was the lack of information
regarding treatment indication. We had no information on
the diagnoses from general practitioners, where the majority
of patients with asthma, rhinitis, systemic allergies and COPD
are treated. Instead, we had to use surrogate markers (prescriptions of short- and long-acting inhalation therapy, nasal topical
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Table 1

Baseline characteristics of patients initiating montelukast
All

Age 0–17 years

Age 18–39 years

Age 40–64 years

Age 65–90+ years

Total

(n = 147,247)

(n = 53,621)

(n = 26,893)

(n = 42,252)

(n = 24,481)

Age, median (IQR)

35 (10–57)

5 (2–11)

30 (23–35)

52 (46–58)

72 (68–78)

Sex
Female

78,760 (53.5%)

22,201 (41.4%)

16,029 (59.6%)

26,031 (61.6%)

14,499 (59.2%)

68,487 (46.5%)

31,420 (58.6%)

10,864 (40.4%)

16,221 (38.4%)

9982 (40.8%)

CCI score = 0

112,191 (76.2%)

51,630 (96.3%)

22,562 (83.9%)

28,551 (67.6%)

9448 (38.6%)

CCI score = 1
CCI score = 2

24,289 (16.5%)
6521 (4.4%)

1748 (3.3%)
187 (0.3%)

3767 (14.0%)
377 (1.4%)

10,029 (23.7%)
2229 (5.3%)

8745 (35.7%)
3728 (15.2%)

4246 (2.9%)

56 (0.1%)

187 (0.7%)

1443 (3.4%)

2560 (10.5%)

7594 (5.2%)

4335 (8.1%)

1183 (4.4%)

1519 (3.6%)

557 (2.3%)

3728 (2.5%)
381 (0.3%)

39 (0.1%)
19 (0.0%)

45 (0.2%)
16 (0.1%)

1185 (2.8%)
199 (0.5%)

2459 (10.0%)
147 (0.6%)

88,595 (60.2%)
2426 (1.6%)

35,925 (67.0%)
51 (0.1%)

14,607 (54.3%)
93 (0.3%)

23,603 (55.9%)
833 (2.0%)

14,460 (59.1%)
1449 (5.9%)

LABAd
LAMA
ICS

22,238 (15.1%)
5020 (3.4%)
72,491 (49.2%)

3104 (5.8%)
13 (0.0%)
29,461 (54.9%)

3810 (14.2%)
137 (0.5%)
10,922 (40.6%)

8730 (20.7%)
1920 (4.5%)
19,502 (46.2%)

6594 (26.9%)
2950 (12.1%)
12,606 (51.5%)

LABA + ICS
Oral steroids
Nasal topical anti-allergic treatment
Systemic antihistamines

34,500 (23.4%)
30,577 (20.8%)
37,172 (25.2%)
38,752 (26.3%)

5410 (10.1%)
1045 (1.9%)
8877 (16.6%)
10,432 (19.5%)

8286 (30.8%)
5949 (22.1%)
9625 (35.8%)
10,208 (38.0%)

14,195 (33.6%)
13,302 (31.5%)
13,922 (32.9%)
13,301 (31.5%)

6609 (27.0%)
10,281 (42.0%)
4748 (19.4%)
4811 (19.7%)

Male
Charlson Comorbidity Index (CCI)

CCI score ≥ 3
Admissionsa
Asthma related
COPD related
Both asthma- and COPD-related diagnosis
Concurrent medicationab
SABAc
SAMA

IQR inter-quartile range, CCI Charlson Comorbidity Index, COPD chronic obstructive pulmonary disease, SABA short-acting beta-2-agonists, SAMA
short-acting muscarinic agonists, LABA long-acting beta-2-agonists, LAMA long-acting muscarinic agonists, ICS inhaled corticosteroids
a

Up to a year prior to initial montelukast prescription

b

Percentages may add to more than 100%, as a patient may be counted in more than one category

c

Including SABA + SAMA combination

d

Including LABA + ICS, and LABA + LAMA combination

Fig. 1 Total amount of dispensed
DDD, specified by sex and year in
Denmark from 1998 to 2016
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Fig. 2 Overall point prevalence
proportion of montelukast use in
Denmark from 1998 to 2016

Years

anti-allergic therapy and systemic anti-allergic therapy) to investigate on-label use. In future studies, it would be interesting to
further assess the therapeutic indications, e.g., by a questionnaire
survey. Furthermore, about 40% of the systemic antihistamine
sale are over the counter, and thus not recorded in the register
[25]. This could underestimate the number of patients using
concomitant montelukast and antihistamine use. However, patients with chronic allergies are granted subsidies for over-thecounter systemic antihistamines in Denmark [17], and are thus
recorded in the Danish National Prescription Registry.
The Register of Medical Products Statistics does not contain information on the subject’s daily drug use, i.e., prescribed daily dosage. Therefore, we had to use the number
of redeemed DDDs adding 25% to the duration of therapy is
based on a definition of 80% compliance.
The majority of previous studies have focused on either a
specific population, like children [11–13], or users with a specific diagnosis, for example, allergic rhinitis [14], or childhood

2016
Prevalence proportion per 1000 inhabitants

Fig. 3 Age and sex-specific
prevalence proportion of
montelukast use by end of 2016

wheeze (using concurrent SABA treatment as a surrogate
marker) [15]. A Paediatric Postmarketing Pharmacovigilance
and Drug Utilization Review of montelukast from the Food
and Drug Administration in 2014 showed that over a period
from 2012 to 2013, approximately 8.8 million children and
adults received prescribed montelukast from US outpatient retail pharmacies and 40.8 million montelukast prescriptions
were filled [26]. Two thirds of all users were adults, which is
also the case in our current study.
Among the paediatric population, prescription for
montelukast has increased fourfold in the UK for children
from 2000 to 2006, with similar increases in the USA and in
Australia [11]. This corresponds to our current study, where
the age-specific prevalence proportions have changed during
the montelukast marketing period, shifting towards a higher
prevalence among paediatric patients from 2005 to 2015. The
reason for this is unclear. It could be due to the new insights of
treatment in this population [27].
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Fig. 4 Standardised incidence
rates of montelukast from 1998 to
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Another explanation could be the extension of therapeutic
indications. However, according to the FDA regulatory history of montelukast, subsequent indications involving the paediatric population were all approved in the USA before 2003
(included prophylaxis of asthma attacks in 2 to 5 years of age,
treatment of asthma in 12 months and older, relief of symptoms of seasonal allergic rhinitis in adults and paediatric patients 2 years of age and older). Relief of symptoms of perennial allergic rhinitis in adults and paediatric patients 6 months
or older was added to montelukast’s therapeutic indications in
2005, thus could have affected the increase in paediatric prevalence proportions after 2005 [28]. Unfortunately, the regulatory history of montelukast in the EU is not easily available as
montelukast was granted marketing authorisation in
decentralised procedures. But it is much likely that the
Fig. 5 Duration of montelukast
therapy according to age groups

regulatory history of montelukast in the USA and Europe
has followed the same timeline.
Notably, 11% filled a prescription of SABA or SAMA or
combinations alone, or with an addition of nasal topical antiallergic treatment and/or systemic antihistamines. According
to the GINA criteria, this corresponds to step 1 [1]. The reason
for initiating montelukast before initiating ICS or ICS +
LABA among these individuals is unclear, some possible explanations could be (1) in individuals suffering from intermittent and/or exercise-induced asthma, (2) in individuals
experiencing side-effects to inhalation therapy and (3) in an
attempt to increase adherence.
According to the approved therapeutic indications,
montelukast can also provide symptomatic relief of seasonal
allergic rhinitis, and is indicated in the prophylaxis of asthma
65-90+ years (n=24,473)
40-64 years (n=42,251)
18-39 years (n=26,893)
0-17 years (n=53,621)
Total (n=147,238)

Proportion of patients covered (%)
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7
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Table 2 Number of persons filling a prescription of either short-acting inhalation therapy, long-acting inhalation therapy, nasal topical treatment or
systemic antihistamines up to a year prior to montelukast initiation
All

Age 0–17 years

Age 18–39 years

Age 40–64 years

Age 65–90+ years

(n = 147,247)
11,382 (7.7%)

(n = 53,621)
7165 (13.4%)

(n = 26,893)
1353 (5.0%)

(n = 42,252)
1518 (3.6%)

(n = 24,481)
1346 (5.5%)

14,761 (10.0%)
1347 (0.9%)

3666 (6.8%)
134 (0.2%)

2394 (8.9%)
199 (0.7%)

4808 (11.4%)
455 (1.1%)

3893 (15.9%)
559 (2.3%)

ICS
LABA + ICSb
LAMA + ICSb
LABA + LAMAb
LABA + LAMA + ICSb
Nasal topical only
SAH only

266 (0.2%)
30,884 (21.0%)
26,012 (17.7%)
274 (0.2%)
94 (0.1%)
2568 (1.7%)

1 (0.0%)
18,994 (35.4%)
4369 (8.1%)
1 (0.0%)
0 (0.0%)
5 (0.0%)

5 (0.0%)
2807 (10.4%)
5361 (19.9%)
10 (0.0%)
1 (0.0%)
61 (0.2%)

67 (0.2%)
4740 (11.2%)
10,121 (24.0%)
96 (0.2%)
32 (0.1%)
943 (2.2%)

193 (0.8%)
4343 (17.7%)
6161 (25.2%)
167 (0.7%)
61 (0.2%)
1559 (6.4%)

6085 (4.1%)
6461 (4.4%)

1465 (2.7%)
1586 (3.0%)

1467 (5.5%)
1895 (7.0%)

2321 (5.5%)
2218 (5.2%)

832 (3.4%)
762 (3.1%)

Combinations
SAa and LAb only
SAa and nasal topical only
SAa and SAH only
SAa, nasal topical, and SAH only
LAb and nasal topical only
LAb and SAH only
LAb, nasal topical, and SAHb only
Nasal topical and SAH only
SAa, LAb, and nasal topical only

46,684 (31.7%)
1203 (0.8%)
1969 (1.3%)
1488 (1.0%)
4053 (2.8%)
3317 (2.3%)
3581 (2.4%)
6412 (4.4%)
8734 (5.9%)

19,838 (37.0%)
377 (0.7%)
758 (1.4%)
397 (0.7%)
621 (1.2%)
738 (1.4%)
695 (1.3%)
1632 (3.0%)
2138 (4.0%)

6050 (22.5%)
301 (1.1%)
479 (1.8%)
550 (2.0%)
837 (3.1%)
726 (2.7%)
995 (3.7%)
2021 (7.5%)
1872 (7.0%)

11,646 (27.6%)
350 (0.8%)
502 (1.2%)
457 (1.1%)
1813 (4.3%)
1210 (2.9%)
1433 (3.4%)
2206 (5.2%)
3351 (7.9%)

9150 (37.4%)
175 (0.7%)
230 (0.9%)
84 (0.3%)
782 (3.2%)
643 (2.6%)
458 (1.9%)
553 (2.3%)
1373 (5.6%)

9560 (6.5%)
8009 (5.4%)
18,958 (12.9%)
1148 (0.8%)

3100 (5.8%)
2156 (4.0%)
4683 (8.7%)
34 (0.1%)

1895 (7.0%)
2126 (7.9%)
5383 (20.0%)
279 (1.0%)

3034 (7.2%)
2901 (6.9%)
6745 (16.0%)
440 (1.0%)

1531 (6.3%)
826 (3.4%)
2147 (8.8%)
395 (1.6%)

Total
SAa only
LA only
LABAb
LAMAb
b

SAa, LAb, and SAH only
SAa, LAb, nasal topical, and SAH
Nasal topical or SAH or a combination
No LABA, LAMA, ICS, SABA,
SAMA, SAH or nasal topical

SABA short-acting beta-2-agonists; SAMA short-acting muscarinic agonists; LABA long-acting beta-2-agonists; LAMA long-acting muscarinic
agonists; ICS inhaled corticosteroids; SAH systemic antihistamines; Nasal topical Nasal topical anti-allergic treatment
a

Short-acting inhalation therapy (SABA, SAMA and combinations)

b

LA long-acting (LABA, LAMA, ICS and combinations)

in which the predominant component is exercise-induced
bronchoconstriction. We found that 13% all individuals initiating montelukast filled a prescription of nasal topical antiallergic treatment or systemic antihistamines, or a combination, but did not fill prescriptions of inhalation therapy.
An American study of 2082 patients in a managed care
organisation in Upstate New York initiating montelukast treatment from 2001 to 2002 found that 61% did not have an ICS
claim in their profile 1 year prior to the index date [5]. This
number is substantially higher than that in our current study.
The reason for this discrepancy could be differences in patient
populations. The American study used a managed care organisation, more prone to selection bias than our nationwide setting.
Several studies have shown modest benefit of montelukast in
diseases like eosinophilic oesophagitis [29], for the treatment of

capsular contraction in patients undergoing breast enlargement
[30], for stable COPD with eosinophilic bronchitis [9], for secondary prevention of cardiovascular disease [31], nasal polyposis
[6] or allergic bronchopulmonary aspergillosis [7]. Further, case
studies have shown benefit in reducing blood eosinophilia [27],
and perhaps also on the treatment of cystic fibrosis [32].

Conclusions
The usage of montelukast has increased over threefold since it
was marketed in 1998, mainly driven by the increased number
of prevalent users. The incidence rate over time showed a
bimodal curve, with a maximum point in 2009. The majority
of individuals who initiated montelukast filled a prescription
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of SABA up to a year prior to montelukast initiation, whereas
almost half filled prescription of ICS, leaving only 0.8% that
seemingly used montelukast off label.
Compliance with ethical standards The study was approved by the
Danish Data Protection Agency. According to Danish law, pure register
studies do not require approval from an ethics review board [24].
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