
Asthma and allergy medication use and costs
among pediatric primary care patients
on asthma controller therapy

Asthma is the most important chronic childhood
respiratory disease, and is frequently confounded
by the presence of comorbid allergic rhinitis.
There is wide consensus that asthma and allergies
are increasing in the pediatric population
throughout the western world, with substantial
variations between countries (1, 2). While the
prevalence of asthma has risen, the severity of
asthma attacks and sleep disturbances seems to

be increasing in parallel (3) suggesting increased
morbidity. Consequently, the economic burden
of asthma and associated diseases is high,
particularly among children (4).
Resource utilization related to asthma reflects

how well the disease is managed. The use of
rescue medications to control asthma exacerba-
tions suggests a poor level of control and
subsequently increased utilization and cost of
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As observational studies in children initiating GINA-Step 3 therapies
are scarce, we evaluated outcomes and costs in a primary care cohort.
Two-yr retrospective cohort study included French children (age: 6–14)
continuously followed in BKL-Thalès database who received ‡2 con-
secutive prescriptions for GINA-Step 3 therapy (¼addition of mont-
elukast or other controllers (�other�), such as increasing inhaled-
corticosteroid dose (hICS), adding long-acting b agonist (LABA), or
ICS + LABA). After matching on gender and propensity score,
medication use [rescue (short-acting b agonists), acute (antibiotics (AB),
oral corticosteroids (OCS)), allergy (antihistamines, nasal steroids) and
other respiratory] was estimated via mean number of prescriptions and
mean cost (per child/per month), and cost trends. During 12-month
follow-up, children adding montelukast (n ¼ 71) vs. �other� (n ¼ 213)
had similar asthma rescue/acute and allergy medication use. Subgroup
with asthma and allergic rhinitis (A + AR) adding montelukast used
less OCS and AB (p ¼ 0.014). Two-yr cost trends suggest stable asth-
ma/allergy medication use in montelukast group (€0.83) compared with
increase in �other� (€5.39), which was driven by nasal steroid use [€0.32
(�other�) vs. €)0.04 (montelukast), p ¼ 0.0013]. In subgroup with
A + AR decline in asthma/allergy medication use in montelukast
group (€)0.47) vs. increase in �other� (€11.05), p ¼ 0.015, was driven by
differences in AB and OCS (p ¼ 0.04) and nasal steroid use (p ¼ 0.001).
Concomitant asthma/allergy medication use was similar in children
adding montelukast or �other� controllers (hICS, LABA, ICS + LA-
BA), while children with allergic rhinitis on montelukast used less AB.
Concomitant medication costs after addition of montelukast remained
stable, while �other� group experienced increase, especially in children
with concomitant allergic rhinitis.
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medications. In adults, asthma-related costs
increase significantly with increasing asthma
severity and decreasing control (5). A recent
evaluation of asthma-related health care costs
demonstrated that total resource costs were
significantly higher in children with severe
asthma when control of asthma was poor (6).
Children with asthma also use more health-
related services than non-asthmatics (7), while
children with asthma and comorbid allergic
rhinitis use more resources than children with
asthma alone. It is therefore important to study
interventions that could improve asthma, which
may result in decreased resource use, especially in
more vulnerable subgroups as for example
asthmatic children with allergic rhinitis.
Current asthma guidelines recommend the use

of controller therapy to reduce inflammation and
control asthma symptoms in patients with mild
to severe asthma (GINA). Treatment with
inhaled corticosteroids (ICS) is the preferred first
choice, and is recommended for GINA-Step 2
therapy. If Step 2 therapy is not adequate,
therapeutic options for GINA-Step 3 therapy
include increasing ICS dose to a high dose (hICS;
i.e., beyond the low dose appropriate for Step 2),
addition of a long-acting b agonist (LABA), or
addition of a leukotriene receptor antagonist
(LTRA). These recommendations are based on
clinical trial evidence, which is abundant for all
treatment alternatives. However, efficacy in chil-
dren has been more thoroughly demonstrated for
montelukast (Singulair package insert), which is
one of the most widely studied medications for
use in children in general. In addition, obser-
vational data suggest benefits of these treatment
alternatives in real-world clinical practice.
Several observational studies in children have

evaluated montelukast vs. ICS in clinical practice
and have generally found that asthma-related
health care resource use in children treated with
montelukast did not differ from ICS in a real-
world setting. In children aged 2–5 yr, mont-
elukast use was associated with significantly
lower rate of emergency visits for asthma than
fluticasone use (9). The use of specific controller
agents and the need for asthma-related re-
sources was examined in a group of asthmatic
children with allergic rhinitis as well; these
results showed that initiating montelukast resul-
ted in lower costs of asthma-rescue and allergy
medications compared with initiating ICS (11).
The only available observational study compar-
ing addition of montelukast to ICS vs. increased
dose of ICS or ICS + LABA combinations was
conducted in Italy. It showed similar reduction
in asthma attacks, hospitalizations and asthma

rescue/acute medication use in all three groups
(12).
An analysis of the relationship between the use

of specific controller agents and the need for
asthma-related resource utilization in children
may further establish the value of therapies that
provide better asthma control. The purpose of
this study was to evaluate asthma-rescue/acute
and allergy medication use and cost among
asthmatic children receiving either montelukast
(added to ICS) or hICS, LABA or a combination
of ICS and LABA for their asthma treated by
general practitioners (GPs) across France.

Methods
Study design

This study was a 2-yr retrospective, observa-
tional, cohort study with data collection period
from 1/1/2000 to 12/31/2002. The study consisted
of a 12-month period prior to the initiation of an
asthma controller medication, introduction of
GINA-Step 3 controller agent (index date)
extending for 1 yr during 2001, and a 12-month
period post-initiation of controller medication.
Every child had a complete 2-yr observation
period.

Data source

The data were obtained from the BKL Thalès
medical records database that contains longitud-
inal patient information from 1010 GPs through-
out France. This database has been validated and
previously used in health services research (5).
Data from over one million patients are recorded
including patient age, gender, professional status,
medical diagnosis and history, visits to GPs, and
prescription information (name of drug, dose,
and duration of treatment). Patients were as-
signed unique identifier numbers to preserve
anonymity. The costs of current medications
were obtained from records of the official drug
cost of France (Vidal).

Study cohort

Patients with an asthma diagnosis aged 6–14 yr
old, who started GINA-Step 3 therapy (GINA),
and having a continuous enrollment in the
database were identified using the records from
French GPs (Fig. 1). Patients with at least one
visit to GP 10 months or more before the index
date and at least one visit 10 months after the
index date were selected. Exclusion criteria
included cystic fibrosis, bronchopulmonary
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hyperplasia or chronic obstructive pulmonary
disease (COPD).
Patients were divided into two exposure

groups: Group 1 (�montelukast�) received at least
one (index) prescription for montelukast and
Group 2 (�other�) received at least one (index)
prescription for hICS, LABA, or ICS + LABA,
between 1/1/2001 and 12/31/2001. In each group,
patients had to receive at least one prescription
for the same Step 3 controller as the index
prescription in the 12-month follow-up period.
High-dose ICS was defined using GINA guide-
lines (GINA). In the montelukast group, 40% of
patients were also on stable doses of ICS in
accordance with Step 2 of the GINA guidelines
(GINA) while some may have dropped ICS
therapy upon introduction of montelukast.
In order to minimize differences between

exposure groups observed at baseline, patients
were matched 1:3 (montelukast:�other�) based on
gender, and propensity score. The propensity
score was used as a control to address the
possibility of selection bias leading to choice of a
particular controller agent for a particular
patient (13), hence to minimize the �channeling�
effect and account for differences in unobservable
characteristics. Multiple logistic regression ana-
lysis was used to develop propensity scores
predicting the probability of being assigned to
one treatment group vs. another based on known
baseline characteristics including sex, age, num-
ber of non-respiratory comorbidities, presence of
rhinitis and/or sinusitis, other respiratory disease,

3-month prior use of short-acting b-agonists
(SABA) and/or other asthma medications,
12-month prior use of oral corticosteroids
(OCS), antibiotics (AB), allergy medications,
ICS, and asthma severity score. ICS use was
further defined using a 4-category variable (no
use, use divided into tertiles). Comorbidities were
included that had one or more diagnoses in the
12-month period prior to the index date. The
asthma severity score is a 4-category variable
calculated using an algorithm based on SABA
use and OCS prescriptions for the 12 months
preceding the index date (14). This algorithm has
been validated for use in administrative databas-
es studying resource utilization for asthma-rela-
ted outcomes (14) and has been used in previous
analyses (11, 15). A subgroup of patients with a
history of concomitant allergic rhinitis in the
montelukast group and the �other� group was
identified based on prescription history. In the
matching process, subjects in the �other� group
were eliminated after three subjects were found
for every montelukast subject.

Outcomes

Study outcomes were: observed use of asthma
rescue medications (SABA), acute medications
used to control exacerbations (AB and OCS),
other asthma agents (mast cell stabilizers, xant-
hines, other LTRAs than montelukast), allergy
medications (antihistamines and nasal steroids),
and all of the agents combined. Although not
recommended by guidelines, the use of AB to
alleviate asthma exacerbations has been previ-
ously observed in clinical practice (Bukstein
2003) and was therefore included as an outcome.
Medication use was measured as the mean
number of prescriptions per patient per month
and the mean costs per patient per month during
the 12 months after introduction of a controller
agent (index date), and also as the cost difference
between the 12 months after the index date (post)
and the 12 months prior to the index date (pre).

Statistical analysis

All statistical analyses were performed using SAS
Statistical Software, version 8 (Cary, NC, USA).
Descriptive assessment of baseline treatment
patterns led to development of the basic study
cohort (all new to GINA-Step 3 controller
patients) and two exposure groups, montelukast
and �other�. Baseline characteristics were evalu-
ated using chi-square, Kruskal–Wallis or t-tests,
depending on the type of variable. Analysis
required to select a balanced cohort included in

All patients with asthma aged 6–55  
years during 1/1/2000–12/31/2002  

                         (n = 4025)  

Patients with visits to a GP 10 months    
before and after index date  

(n = 2156) 

Patients treated with montelukast or    
‘other’ † controller agent   

                        (n = 2062)  

Children between the ages of 6–14 years 
(n = 439)  

Children on montelukast at index  
date matched 1:3 by gender, age  

and propensity score  
                      (n = 71)  

Children on ‘other’ † controller at   
index date matched 1:3 by gender,  

age and propensity score.  
                  (n = 213)  

† High dose inhaled corticosteroids(hICS), ICS + long-acting  
β -agonists (LABA), LABA.

Fig. 1. Flow chart of patient selection.
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the two groups (montelukast vs. �other�) is
described above (see Study Cohort), where con-
trols were selected in a 1:3 matching process and
differences in baseline characteristics were tested
to ensure comparability between the two groups.
The number of prescriptions the patients had

for asthma rescue, acute asthma and allergy
medications during the 12-month follow-up per-
iod, and the post–pre-difference and the mean
cost of rescue/acute and allergy medications
between the 12-month pre- and 12-month post-
controller introduction were evaluated using the
Kruskal–Wallis tests. A subgroup analysis of the
same outcomes (prescriptions and pre–post-trend
in costs) in patients with asthma and allergic
rhinitis was also performed using the Kruskal–
Wallis tests.

Results
Patients

The process used to extract the cohort for this
analysis from patients in the Thalés database is
described in Fig. 1. There were 439 patients
between the ages of 6 and 14 yr old prior to 1:3
matching. The proportion of patients taking
montelukast was 16.2% of the total. Patients
on �other� controller medications included 24.4%
of patients on fixed combination (ICS + LABA)
and 2.5% of patients on customized combi-
nations of ICS plus LABA, 37.4% on high-dose
ICS, and 19.6% on LABA (Table 1). The base-
line characteristics before matching are presented
in Table 2. After 1:3 matching, there were 284
patients included in the analysis (71 patients in
the montelukast group and 213 patients in the

�other� group) (Table 1). The mean age was 9.6 yr
for both groups and 65% of patients were males.
The majority of patients had mild intermittent
asthma as determined based on prior SABA and
OCS use (14). From these patients, 46.5% in the
montelukast group and 50% in the �other� group
had comorbid allergic rhinitis. Baseline charac-
teristics after matching were not significantly
different for any parameters between the mont-
elukast and �other� group (Table 2, notes).

Outcomes – medication use

During 12-month follow-up post-introduction of
GINA-Step 3 therapy, there was no difference in
asthma/allergy medication use in patients adding
montelukast to ICS as well as in those who took
montelukast as monotherapy, compared with
patients using other controllers (High-dose ICS,
ICS + LABA, LABA) (Table 3). Numerical
trend suggested slightly lower use of OCS
(0.54 Rx/patient/yr montelukast vs. 0.70 Rx/
patient/yr �other�, p ¼ 0.061) in the montelukast
group. Post hoc analyses comparing ICS +
montelukast vs. ICS + LABA, and ICS +
montelukast vs. high-dose ICS, which would be
the comparisons in accordance with the guideline
recommendations, also showed no difference
between asthma and allergy medication use (data
not shown).
In the subgroup of children with asthma and

allergic rhinitis, significantly lower use of AB
(1.27 Rx/patient/yr montelukast vs. 1.94 Rx/
patient/yr �other�, p ¼ 0.012), other asthma med-
ications (0.00 Rx/patient/yr montelukast vs.
0.22 Rx/patient/yr �other�, p ¼ 0.029) and all
rescue/acute/allergy medications combined

Table 1. Children (6–14 yr) on asthma controller treatment at index date prior and post-matching

Patients n (% of total)

Prior to
matching
(baseline)

Post-matching
(primary analysis,

all children:
montelukast vs. �other�*)

Post-matching (primary
analysis, children with

concomitant allergic rhinitis:
montelukast vs. �other�*)

Post-matching (post hoc analyses,
all children: ICS + montelukast

vs. ICS + LABA�
and ICS + montelukast vs. high-dose ICS�)

Total cohort 439 284 132 78 117
Montelukast 71 (16.2) 71 (25) 33 (25) 14§ (18) 14§ (12)
Other controllers 368 (83.8) 213 (75) 99 (75)
ICS + LABA 118 (26.9) 64 (82)
High-dose ICS 164 (37.4) 103 (88)
LABA 86 (19.6)

ICS, inhaled corticosteroids; LABA, long-acting b-agonist.
*Primary analysis comparing montelukast (40% of children also received ICS at baseline) vs. other controllers (including ICS + LABA fixed or not, high-dose ICS as
per GINA guidelines, LABA) as prescribed by physicians in primary care setting in France.
�Post hoc analysis comparing ICS + Montelukast vs. ICS + LABA (fixed or not).
�Post hoc analysis comparing ICS + Montelukast vs. high-dose ICS.
§All patients received Montelukast added to ICS during the first 3 months after the index date.
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(5.30 Rx/patient/yr montelukast vs. 7.62 Rx/
patient/yr �other�, p ¼ 0.013) was observed in
children treated with montelukast (42% also

used ICS) compared with children using either
high-dose ICS, LABA or ICS + LABA combi-
nations (Table 4).

Table 2. Key baseline characteristics for all children before matching and after matching*

Before matching

Montelukast� n ¼ 71 Other controllers� n ¼ 368 p-value§

Age, mean (s.d.) 9.56 (2.33) 10.05 (2.48) 0.11
Boys, n (%) 47 (66.2) 234 (63.6) 0.67
Girls, n (%) 24 (33.8) 134 (36.4)
Asthma severity–, n (%)

Mild intermittent 42 (59.2) 234 (63.6) 0.64
Mild persistent 19 (26.8) 94 (25.5)
Moderate persistent 7 (9.9) 33 (9.0)
Severe persistent 3 (4.2) 7 (1.9)

Allergic rhinitis, n (%) 33 (46.5) 184 (50) 0.59
Sinusitis, n (%) 16 (22.5) 100 (27.2) 0.42
Respiratory disease**, n (%) 60 (84.5) 320 (87) 0.58
12-month prior rescue b-agonists (short-acting), n (%) 28 (39.4) 113 (30.7) 0.15
12-month prior inhaled corticosteroids (ICS), n (%) 28 (39.4) 58 (15.8) 0.0002
12-month prior oral corticosteroid prescriptions, mean (s.d.) 0.51 (1.03) 0.38 (0.73) 0.46
12-month prior antibiotics prescriptions, mean (s.d.) 1.65 (1.94) 1.61 (1.72) 0.63

*Baseline characteristics for children with asthma and allergic rhinitis were evaluated before and after matching (data not shown). The two groups did not differ in
any observable characteristic after matching 1:3 on gender and propensity score.
��40% of children also received inhaled corticosteroids (ICS) at baseline.
�Other: high-dose inhaled corticosteroids (hICS), long-acting b-agonists (LABA) or LABA plus ICS.
§Chi-square test for homogeneity of variance, Kruskal–Wallis test and t-test for continuous variables.
–Asthma severity defined by asthma severity algorithm (14) based on prescription history.
**Respiratory disease included tonsillitis, rhinorrhea, acute upper respiratory conditions, non-atopic conjunctivitis, chronic otitis media, nasal polyposis, eustachian
tube disorders.

Table 3. Asthma rescue/acute and allergy medication use among all children
with asthma on controller therapy during the 12-month follow-up period
(primary analysis�)

Mean number of prescriptions per patient
per yr (s.d.)

Montelukast�
n ¼ 71

Other controllers§
n ¼ 213 p-value–

Total** 6.20 (4.35) 6.92 (4.42) 0.204
Rescue b-agonists (short-acting) 1.32 (1.40) 1.34 (1.42) 0.878
Acute 2.18 (2.73) 2.60 (2.49) 0.056*
Antibiotics 1.65 (2.14) 1.90 (1.93) 0.109
Oral corticosteroids 0.54 (0.98) 0.70 (0.93) 0.061*
Other asthma medications�� 0.07 (0.31) 0.25 (0.92) 0.154
Allergy 2.62 (2.37) 2.73 (2.50) 0.804
Antihistamines 1.70 (1.58) 1.73 (1.95) 0.749
Nasal steroids 0.92 (1.28) 1.00 (1.28) 0.490

MON, montelukast.
*p < 0.1.
�Two post hoc analyses (ICS + MON vs. ICS + LABA and ICS + MON vs. hICS)
described in the text found no difference in outcomes studied between
treatment groups.
�40% of children also received inhaled corticosteroids (ICS) at baseline.
§Other controllers: high-dose inhaled corticosteroids (hICS), long-acting
b-agonists (LABA) or LABA plus ICS.
–Kruskal–Wallis test.
**Total includes rescue b-agonists (short-acting), acute medications (anti-
biotics, oral corticosteroids), other asthma medications and allergy medications
(antihistamines and nasal steroids).
��Xanthines, mast cell stabilizers, anti-leukotrienes other than montelukast.

Table 4. Asthma rescue/acute and allergy medication use among children
with asthma and allergic rhinitis� on controller therapy during the 12-month
follow-up period

Mean number of prescriptions per patient
per yr (s.d.)

Montelukast�
n ¼ 33

Other controllers§
n ¼ 99 p-value–

Total�� 5.30 (3.76) 7.62 (4.52) 0.013**
Rescue b-agonists (short-acting) 0.91 (1.26) 1.35 (1.57) 0.151
Acute 1.61 (2.47) 2.43 (2.36) 0.014**
Antibiotics 1.27 (1.99) 1.94 (1.89) 0.012**
Oral corticosteroids 0.33 (0.65) 0.49 (0.86) 0.375
Other asthma medications�� 0.00 (0.00) 0.22 (0.71) 0.029**
Allergy 2.79 (2.46) 3.61 (2.39) 0.071*
Antihistamines 1.79 (1.75) 2.26 (1.83) 0.189
Nasal Steroids 1.00 (1.30) 1.34 (1.29) 0.103

*p < 0.1.
**p < 0.05.
�Baseline characteristics between the two groups of patients with asthma and
allergic rhinitis (defined via diagnosis) were similar after 1:3 matching on
gender and propensity score.
�42% of children also received inhaled corticosteroids (ICS) at baseline.
§Other controllers: high-dose inhaled corticosteroids (hICS), long-acting
b-agonists (LABA) or LABA plus ICS.
–Kruskal–Wallis test.
��Total includes rescue b-agonists (short-acting), acute medications (anti-
biotics, oral corticosteroids), other asthma medications and allergy medications
(antihistamines and nasal steroids).
��Xanthines, mast cell stabilizers, anti-leukotrienes other than montelukast.
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Outcomes – medication costs

The mean cost calculated as the number of
prescriptions per patients multiplied by the
published drug cost (Vidal) showed that patients
treated with montelukast had a mean cost for all
rescue and acute asthma and allergy-related
medications of €9.34 compared with €13.88 for
�other� treatments, p ¼ 0.218, a difference of
€4.54 per patient per month. The mean cost for
acute medications (combined AB and OCS) was
significantly lower for patients on montelukast
compared with patients on �other� controller
agents (€2.70 montelukast vs. €3.87 �other�,
p ¼ 0.045). Mean costs for SABA, AB, OCS,
other asthma medications (mast cell stabilizers,
xanthines, LTRAs), and allergy medications
(antihistamines, nasal steroids) were similar
among groups.
Analysis of trends in costs between 12-month

period prior to GINA-Step 3 controller intro-
duction compared with the 12-month period
post-treatment escalation suggests the following.
The overall cost increase for asthma and allergy
medications for patients taking montelukast was
€0.83 compared with €5.39 for patients taking
�other� controllers, p ¼ 0.076. The costs for
SABA (€0.71 vs. €0.74), AB (€0.35 vs. €0.73),
and OCS (€0.09 vs. €0.44) for montelukast vs.
�other� respectively numerically favored mont-
elukast but were not statistically different. There
was a decrease in costs in the montelukast group
and an increase in costs for �other� controllers for
other respiratory medications (€)0.19 vs. €1.06)
and for antihistamines (€)0.11 vs. €2.10).
A significant decrease in nasal steroid costs was
observed among montelukast patients compared
with �other� treatment groups (€)0.04 vs. €0.32,
p ¼ 0.0013).
For the subgroup of patients with comorbid

allergic rhinitis, the overall cost of asthma-
rescue/acute medications and allergy medications
decreased in the montelukast group (€)0.47)
compared with significant increase in �other�
controller group (€11.05) (p ¼ 0.015) (Fig. 2).
The costs of AB (€)0.36 montelukast vs. €2.20
�other�, p ¼ 0.042) and nasal steroids (€)0.14
montelukast vs. €0.55 �other�, p ¼ 0.001), and
acute medications (€)0.31 montelukast vs. €2.49
�other�, p ¼ 0.038) were also significantly lower
in the montelukast group compared with �other�
controllers in the post-period compared with the
pre-period. Trends in costs for SABA (€0.24
montelukast vs. €0.76 �other�, p ¼ 0.065), OCS
(€0.09 montelukast vs. €0.44 �other�, p ¼ 0.690),
other asthma medications (€0.09 montelukast vs.
€0.44 �other�, p ¼ 0.690), allergy medications

(€)0.39 montelukast vs. €6.35 �other�, p ¼
0.150), and antihistamines (€)0.25 montelukast
vs. €5.80 �other�, p ¼ 0.534), suggest stable use in
the montelukast group and numerical but not
statistically different increase in the �other� con-
troller group (Fig. 2).

Discussion

This long-term retrospective pre- post-cohort
study, based on primary care records of GPs
from France, evaluated concomitant asthma/
allergy medication use over 1-yr period among
asthmatic children and found no differences in
use in children adding montelukast or �other�
controllers (high-dose ICS, LABA, ICS + LA-
BA), while subgroup with allergic rhinitis using
montelukast had significantly lower use of
asthma/allergy medications. Over the 2-yr obser-
vation period, the costs of asthma/rescue medi-
cations for patients taking montelukast remained
stable compared with those taking �other� con-
trollers, which slightly increased particularly
because of significant increase in use of nasal
steroids. In patients with comorbid allergic
rhinitis, overall costs for asthma/rescue, allergy
and acute medications remained stable for
patients taking montelukast, and increased sig-
nificantly in children taking �other� controllers.
These evaluations support the concept that
leukotriene modifiers and ICS are both effective
therapeutic options for long-term control of
persistent asthma in children, and a suitable
alternative to addition of LABA or increase in
ICS dose. There appears to be improved response
to montelukast in children with concomitant
allergic rhinitis.

NOTES:   
*42% of children also received inhaled corticosteroids (ICS) at baseline. 
1-Includes: High-dose ICS, ICS+LABA, LABA alone. 
2-Includes: Rescue/Acute, (Anti)Allergy, Other Respiratory Medications. 
3-Includes: Antibiotics, Oral Corticosteroids.

0.24 

11.05 

0.76 

2.49 2.2 

0.55 –0.14 –0.36 –0.31 –0.47 

Total (2) Rescue (saba) Acute (3) Antibiotics Nasal Steroids 
–2 

0 

2 

4 

6 

8 

10 

12 

Montelukast* Other controllers (1) 

p = 0.01  

p = 0.06 

p  =  0.04 p = 0.04  

p = 0.001 

Fig. 2. Trend in asthma rescue/acute and allergy medica-
tion cost (Euro per patient per month) 1-yr prior to and 1-yr
post-initiation of controller medication among children with
asthma and allergic rhinitis.
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Current therapeutic guidelines for the man-
agement of asthma recommend the use of ICS in
patients with chronic mild to severe asthma with
the option of addition of LABA or a leukotriene
modifier if symptoms are not controlled (GINA).
However, the guidelines do not specify which of
the optional therapies provide the best clinical
outcome or cost effectiveness. Additionally, the
asthma guidelines have been developed from
experience with results from large clinical trials.
Data from these trials specifically address only
efficacy and safety endpoints in a highly selected
cohort of patients. Observational studies can
supplement efficacy data and help determine the
effectiveness of therapies in a real-world setting
with heterogeneous populations and their subse-
quent behaviors.
In the current study, the actual use of con-

comitant asthma-related medications to manage
symptoms and improve asthma control was
similar among montelukast, high-dose ICS, ICS
plus LABA or LABA treatment groups. Asthma/
allergy medication costs remained stable in the
montelukast group, and increased in the �other�
groups, especially in children with allergic rhinitis
suggesting additional allergy control provided by
montelukast. The results of this analysis support
previous findings from observational studies
suggesting similar or reduced use of asthma-
and allergy-related resources in children on
montelukast vs. ICS and in adults. Similarly,
data suggest that adding montelukast to ICS vs.
using other controller agents (high-dose ICS,
ICS + LABA) resulted in similar reductions in
asthma attacks, hospitalizations and concomit-
ant medication use in children (12) and in similar
reductions in asthma-related resource use in
adults (20–24).
In this study approximately 50% of patients

had concomitant allergic rhinitis. In this subpop-
ulation, montelukast had a marked advantage
over �other� controllers. Over 1-yr follow-up
period, patients with asthma and allergic rhinitis
using montelukast had significantly lower use of
OCS and AB (p ¼ 0.014), and a nearly signifi-
cantly lower use of allergy medications (p ¼
0.071) compared with those treated with other
controllers. There was a significant difference in
cost trends of asthma-rescue/acute medications
and allergy medications (p ¼ 0.015), acute med-
ications (p ¼ 0.038) and as well as AB (p ¼
0.042) and nasal steroids (p ¼ 0.001) in children
on montelukast compared with �other� controller
therapies. In this group, the increase in costs for
SABA was smaller in the montelukast group
compared with �other� controllers (p ¼ 0.065).
A stable trend in the use and costs of concom-

itant asthma and allergy medications in this
population treated with montelukast, as opposed
to significant increases in costs in the �other�
controller group, is particularly noteworthy as
both adult (25–27) and young (7, 8, 26, 28)
asthmatics with comorbid allergic rhinitis have a
greater burden in terms of increased likelihood of
asthma attacks and increase health care costs
because of their asthma compared with asthmat-
ics without allergic rhinitis. Recent studies have
demonstrated that treatment of allergic rhinitis
improves asthma-related health-care utilization
(29, 30). The interrelationship between asthma
and allergic rhinitis is supported by the results of
this subgroup analysis. Montelukast is the only
therapeutic agent approved for treatment of
asthma and allergic rhinitis in a single formula-
tion (oral) (Singulair package insert). It is poss-
ible that the added benefit in the montelukast
treated group (asthma and allergic rhinitis) was
because of better control of inflammation
because of allergies resulting a reduction in need
for asthma-related medications. Recent clinical
trials have shown that montelukast was protect-
ive against lower and upper airway responses
during antigen challenge (31) and significantly
relieved allergic rhinitis symptoms while reducing
b-agonist use in patients with asthma and aller-
gies (32). Further elucidation of the clinical and
economic impact one disease has on the other
will provide health-care providers with infor-
mation on how best to allocate resources.
The long-term observational design of this

study and the large size of the population provide
additional evidence of the effectiveness of ther-
apies evaluated in this analysis. Cohort studies
using health information databases have shown
to be accurate in classifying severity and distin-
guishing various respiratory diseases from each
other (33). However, there are limitations to the
use of medical records and prescriptions from
any database in drawing conclusions about
treatment effects. First, evaluation of medication
use is based on analysis of prescribed medica-
tions rather than actual consumption (includes
filling the prescription and adherence/persist-
ence). However, when studies are comparing
outcomes across treatment groups, the same
measurement conditions apply to all medications
under evaluation and this bias is minimized.
Secondly, patients are identified by an analysis of
claims and not randomized into respective
groups, which may lead to an imbalance in
patient allocation. To adjust for confounder bias,
this study used propensity scores (13) to match
patients at baseline. In a review of 43 studies
comparing propensity scoring to traditional
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regression modeling to adjust for confounding,
Shah and colleagues determined that both meth-
ods generally gave similar results (34). The
propensity score in this study contained variables
pertinent to the group studied that best described
the model including variables for age, gender,
comorbidities, asthma and allergy medications,
ICS use, and asthma severity scores. By using the
propensity scores and probabilistic matching
there were no significant differences in any
patients� characteristics after matching suggest-
ing comparable groups for the analysis of
outcomes in this study.
Asthma severity, defined by an asthma severity

algorithm (14) based on prescriptions for
b-agonists and OCS for the 12-month prior to
the index date, me also be a limitation. Definition
based on prior medication use may be one of the
reasons for a large proportion of patients being
classified as �intermittent�, which may be inconsis-
tent with the fact they were all commencing
GINA-Step 3 therapy recommended by their
GP. Although the algorithm has been validated
vs. clinical endpoints, it may be subject to a slight
�floor effect�. However, this severity classification
served as descriptive parameter and worked con-
sistently across exposure groups (montelukast vs.
�other�) suggesting no differences even prior to
matching (p ¼ 0.64), and therefore comparison of
outcomes in this study remains valid and is not
subject to confounding by severity.
Another limitation may be the use of exposure

groups in this study. As per French guidelines and
labeling, montelukast should have been added to
ICS, as should LABA. However, treatment prac-
tices in this study suggest that this may be the case
in a portion of the patients but not everyone. It is
also possible that physicians taper off the dose of
ICS, especially in children, particularly because of
potential side effects of ICS (growth, adrenal
suppression, etc.). In order to ensure validity of the
results we conducted post hoc analyses of
ICS + montelukast vs. ICS + LABA and
ICS + montelukast vs. high-dose ICS. The
results were comparable to those of the main
analysis where a proportion of patients on mont-
elukast were not receiving ICS, suggesting that
treatment practices of French physicians are
tailored to the needs of their patients and at the
same time do not jeopardize the outcomes.

Conclusions

This study demonstrated that initiating mont-
elukast therapy in children with asthma, a
proportion of whom also used ICS, resulted in
similar overall use of concomitant asthma and

allergy medications over 1 yr compared with
children increasing the ICS dose, adding LABA
or starting ICS + LABA combination therapy.
This suggests comparable asthma control. Chil-
dren with asthma and concomitant allergic rhi-
nitis experienced improved outcomes, for
example significantly lower use of OCS and
AB, if they were treated with montelukast,
suggesting improved asthma control. Costs of
concomitant asthma/allergy medications over a
2-yr observation period remained stable in chil-
dren treated with montelukast and increased in
children treated with high-dose ICS, LABA or
ICS plus LABA, especially if children also had
allergic rhinitis. The latter suggests favorable
economic profile of montelukast therapy as an
alternative to other GINA-Step 3 recommended
medications.
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