Asthma

Combination of budesonide/formoterol on demand
improves asthma control by reducing exerciseinduced bronchoconstriction
Nikolaos Lazarinis,1 Leif Jørgensen,2 Tommy Ekström,2 Leif Bjermer,3 Barbro Dahlén,1
Teet Pullerits,4 Gunilla Hedlin,5 Kai-Håkon Carlsen,6 Kjell Larsson7
1

Division of Respiratory
Medicine and Allergy,
Department of Medicine,
Karolinska University Hospital
Huddinge, Karolinska Institutet,
Stockholm, Sweden
2
AstraZeneca Nordic,
Södertälje, Stockholm, Sweden
3
Department of Respiratory
Medicine & Allergology,
Lund University Hospital,
Lund, Sweden
4
Department of Respiratory
Medicine and Allergology,
Sahlgrenska University
Hospital, Göteborg, Sweden
5
Astrid Lindgren’s Children’s
Hospital, Karolinska University
Hospital Solna, Stockholm,
Sweden
6
Department of Paediatrics,
Norwegian School of Sports
Sciences, University of Oslo,
Oslo University Hospital, Oslo,
Norway
7
Unit of Lung and Allergy
Research, The National
Institute of Environmental
Medicine, Karolinska Institutet,
Stockholm, Sweden
Correspondence to
Dr Nikolaos Lazarinis, Division
of Respiratory Medicine and
Allergy, Department of
Medicine, Karolinska University
Hospital Huddinge, Stockholm
14186, Sweden;
nikolaos.lazarinis@ki.se
Received 2 April 2013
Revised 27 August 2013
Accepted 5 September 2013
Published Online First
3 October 2013

ABSTRACT
Background In mild asthma exercise-induced
bronchoconstriction (EIB) is usually treated with inhaled
short-acting β2 agonists (SABAs) on demand.
Objective The hypothesis was that a combination of
budesonide and formoterol on demand diminishes EIB
equally to regular inhalation of budesonide and is more
effective than terbutaline inhaled on demand.
Methods Sixty-six patients with asthma (>12 years of
age) with veriﬁed EIB were randomised to terbutaline
(0.5 mg) on demand, regular budesonide (400 μg) and
terbutaline (0.5 mg) on demand, or a combination of
budesonide (200 μg) + formoterol (6 μg) on demand in
a 6-week, double-blind, parallel-group study
(ClinicalTrials.gov identiﬁer: NCT00989833). The patients
were instructed to perform three to four working
sessions per week. The main outcome was EIB 24 h
after the last dosing of study medication.
Results After 6 weeks of treatment with regular
budesonide or budesonide+formoterol on demand the
maximum post-exercise forced expiratory volume in 1 s
fall, 24 h after the last medication, was 6.6% (mean;
95% CI −10.3 to −3.0) and 5.4% (−8.9 to −1.8)
smaller, respectively. This effect was superior to
inhalation of terbutaline on demand (+1.5%; −2.1 to
+5.1). The total budesonide dose was approximately 2.5
times lower in the budesonide+formoterol group than in
the regular budesonide group. The need for extra
medication was similar in the three groups.
Conclusions The combination of budesonide and
formoterol on demand improves asthma control by
reducing EIB in the same order of magnitude as regular
budesonide treatment despite a substantially lower total
steroid dose. Both these treatments were superior to
terbutaline on demand, which did not alter the bronchial
response to exercise. The results question the
recommendation of prescribing SABAs as the only
treatment for EIB in mild asthma.
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Exercise-induced bronchoconstriction (EIB) is a
common feature in asthma1 and exercise-induced
symptoms constitute a substantial impact on daily
life.2 Asthma medications reduce exercise-induced
symptoms and improve physical ﬁtness3 but,
despite treatment being given according to current
guidelines,1 many patients with asthma experience
symptoms in connection with physical exercise.
In current recommendations short-acting inhaled
β2 agonists (SABAs) are advocated for patients who

Key messages
What is the key question?

▸ Does on-demand treatment with the
combination of budesonide/formoterol improve
asthma control as assessed by exercise induced
bronchoconstriction (EIB)?

What is the bottom line?
▸ The combination of an inhaled corticosteroid
(ICS) and a long-acting β2 agonist (LABA) on
demand yields better asthma control than a
short-acting β2 agonist (SABA) on demand and
is non-inferior to regular ICS treatment.

Why read on?

▸ Current recommendations of treating EIB with a
SABA on demand as the only medication in
patients with mild asthma does not improve
bronchial response to exercise over time and
could therefore be questioned. On-demand
treatment with an ICS/LABA combination
improves asthma control and should be
considered as an alternative in patients who
otherwise would be treated with regular ICS.

experience EIB despite otherwise controlled asthma
and in patients in whom exercise is the only trigger
for asthma symptoms.1 In patients with insufﬁcient
disease control, despite inhaling β2 agonists prior
to exercise, the addition of controller medications,
inhaled glucocorticosteroids or antileukotrienes is
recommended.1 In real-life practice it may be difﬁcult to determine when controller medication
should be introduced.
Inhalation of β agonists, prior to exercise or
when EIB has occurred, reduces or even abolishes
EIB.4 During continuous treatment the protective
effect of β2 agonists against EIB diminishes with
time and does not offer the same protection after a
few weeks of treatment as after the ﬁrst dose.5 6
Tachyphylaxis with regard to the protective effect
of β2 agonists has been demonstrated for bronchoconstriction induced by methacholine,5 adenosine,6
exercise7 8 and allergen.9
The aim of this study was to evaluate the effect
of three different treatment regimens on asthma
control by the response to exercise not preceded by
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MATERIAL AND METHODS
Study design
In a randomised, double-blind, double dummy, parallel-group,
6-week trial the protective effect of three treatment regimens on
EIB was investigated in adults and adolescents with mild
asthma. The treatment alternatives were as follows:
▸ regular placebo once daily and a ﬁxed combination of 200 μg
budesonide and 6.0 μg formoterol metered dose (Symbicort,
AstraZeneca AB, Sweden) on demand;
▸ regular placebo once daily and 500 μg terbutaline metered
dose (Bricanyl, AstraZeneca AB) on demand;
▸ regular inhalation of 400 μg budesonide metered dose
(Pulmicort, AstraZeneca AB) once daily and 500 μg terbutaline metered dose (Bricanyl, AstraZeneca AB) on demand.
On demand means inhalation of study drugs before exercise
and for symptom relief at any time. The participating subjects
were instructed to perform physical exercise three to four times
a week during the 6-week treatment period.
The trial was conducted at 10 study sites in Sweden and
Norway. All study subjects attended two screening visits prior to
randomisation.
At the ﬁrst visit a standard skin prick test, spirometry, physical
examination, vital signs control, demography, control of medical
history and concomitant medication were conducted and the
Asthma Control Questionnaire 5 (ACQ5) was completed.
Eligible subjects underwent a maximal exercise test on a
treadmill.
At the second visit a 6 min standardised exercise test was performed on a treadmill at 90% of maximal aerobic capacity,
while breathing dry air.10 If post-exercise forced expiratory
volume in 1 s (FEV1) was reduced by ≥10% compared with the
pre-exercise value, the patient was included.

At the third visit the patients were randomised to one of the
three treatment regimens. Three weeks and 6 weeks after randomisation an exercise test, identical to visit 2, was performed
(ﬁgure 1).

Subjects
Eligible subjects were outpatients ≥12 years of age with mild
asthma,1 a history of EIB and who used reliever medication for
asthma symptoms up to four times per week with a FEV1
>80% of predicted normal value11 12 and who performed physical exercise on a regular basis (at least three times per week).
Smokers and ex-smokers who quit during the last year were
excluded. Other exclusion criteria were indication for treatment
with anti-inﬂammatory asthma medications (investigator’s judgment), use of oral corticosteroids during the month prior to the
study and signiﬁcant diseases other than asthma.
All patients provided written informed consent. The study
was approved by the Ethics Committee of Stockholm
(D5890L00032) and the Regional Ethics Committee of Health
Region South East of Norway. The study is registered at
ClinicalTrials.gov (identiﬁer NCT00989833).

Spirometry
Pulmonary function was measured according to the European
Respiratory Society/American Thoracic Society guidelines.13
The spirometers were calibrated on a daily basis. If FEV1 was
between 75% and 80% of predicted value the spirometry was
repeated 15 min after inhalation of 0.4 mg of salbutamol. If salbutamol induced an increase of FEV1<12% of the preinhalation
value and <200 mL, the patient proceeded to the maximal exercise test.

Skin prick test
A skin prick test with 10 common allergens (ALK Abello
Soluprick SQ allergen solution, Copenhagen, Denmark) was
performed with histamine (10 mg/mL) as a positive and the
diluent as a negative control. Positive response was speciﬁed as a
wheel ≥3 mm.

Maximal exercise test
A maximal exercise test was performed on a treadmill while
breathing ambient air according to a predeﬁned protocol starting at 50 W, which was then increased by 10 or 15 W (depending on body weight) every minute. Heart rate was monitored by
ECG and registered during the last 15 s of each workload level.

Figure 1 Study design.
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bronchodilator treatment. The aim was thus not to study the
direct effect of treatment on EIB. Currently recommended treatment, that is, SABAs inhaled on demand (ie, before training and
for symptom relief ) was compared with regular treatment with
an inhaled glucocorticosteroid and a β2 agonist on demand and
a ﬁxed combination of an inhaled glucocorticosteroid and a
rapid long-acting β2 agonist (LABA) inhaled only on demand.
We hypothesised that the ﬁxed combination on demand provides better asthma control than monotherapy with a β2 agonist
on demand and is non-inferior to regular treatment with an
inhaled glucocorticosteroid with a β2 agonist on demand.

Asthma
Institute Inc). Randomisation envelopes were generated by a
central randomisation system (GRAND, AstraZeneca AB).

Standardised exercise test

Patients were enrolled from September 2009 to July 2010. A total
of 189 patients were assessed for eligibility, of whom 66 were randomised and allocated to study treatment. Reasons for exclusion
were a post-exercise FEV1 fall <10% at visit 2 (n=94), a baseline
FEV1 < 80% of predicted value at visit 1 (n=9), other diseases
(n=8), clear need for continuous treatment with inhaled steroids
(n=6) and other, not speciﬁed, reasons (n=6).
Primary outcome data were available at visit 5 in 59 patients.
Results and safety analyses from patients with missing data at
visit 5 (n=7) were carried forward from visit 4 and included in
the full analysis set of 66 patients. Four of these patients were
excluded from the per protocol analysis set, three in the budesonide group due to non-compliance with maintenance budesonide treatment and one in the budesonide+formoterol group
who took extra medication on most days.
Patient characteristics are presented in table 1. There were
more ex-smokers in the budesonide/formoterol group than in
the other groups, but lung function did not differ between
ex-smokers (FEV1 99.4±11.9% of predicted value; FEV1/forced
vital capacity (FVC) 0.81±0.06) and never-smokers (FEV1 98.6
±10.2% of predicted value; FEV1/FVC 0.80±0.08). Relevant
medical conditions other than asthma were found in 27 patients
(most commonly, allergic rhino-conjunctivitis and rhinitis).

A 6 min standardised exercise test was performed at approximately 90% of maximal aerobic capacity (based on the maximal
exercise test at visit 1) while breathing dry air (Aiolos Astmatest,
Aiolos Medical AB, Karlstad, Sweden). Exercise was identically
performed on a treadmill at visits 2, 4 and 5.10 During exercise
the patients wore a nose clip and breathed through a tube connected to a gas cylinder containing dry air. FEV1 was measured
15 min before exercise and 1, 5, 10, 15 and 30 min after conclusion of the exercise after which terbutaline was inhaled (2 mg
in patients ≥15 years old and 1 mg in patients <15 years old)
and FEV1 was measured 15 min later.
If the exercise test at visits 4 or 5 was ﬁnished before the stipulated endpoint deﬁned at visit 2, the patient was rescheduled
another test or excluded from the study (investigator’s choice).
No asthma drugs were allowed 24 h prior to the exercise
tests. Patients were instructed to perform physical exercise
24–48 h before and to abstain from physical exercise during the
24 h prior to the exercise tests.

Diary recording of asthma symptoms
At the third visit the patients gained access to an electronic
diary (uniform resource locator (URL)) to record physical activities, asthma symptoms and use of as-needed medication on a
daily basis. Asthma symptoms were rated on a scale from 1 to 5,
with higher scores indicating less asthma control.
A shortened version of the ACQ5 was completed at visits 1,
3, 4 and 6.15

Outcome measures
The primary outcome variable was the change in maximal postexercise decrease of FEV1 following a standardised exercise test,
performed after 6 weeks of treatment, without any medication
during the 24 h prior to the test, and compared with the pretreatment result.
Secondary outcome variables were the alteration of maximal
post-exercise FEV1 fall after 3 weeks, ACQ5, patient-reported
symptoms and use of study drugs inhaled prior to training sessions and for symptom relief.
Safety outcome measures included adverse events, serious
adverse events and changes in vital signs (pulse and blood pressure).

Statistical analyses
Results are presented as mean±SD or 95% CI. Maximal change
in post-exercise FEV1 before and after 6 weeks of treatment was
analysed by analysis of covariance, with treatment as a factor
and the baseline value of the post-exercise FEV1 before treatment as the covariate. Secondary variables were similarly analysed and used to evaluate the protective effect of the
treatments over time. All analyses were prespeciﬁed.
Based on previous results, a non-inferiority limit for the comparison between the protection against EIB in the formoterol/
budesonide group and the regular budesonide group was
deﬁned as a difference in post-exercise FEV1 fall <7.28%.16
Non-inferiority analysis was based on a sample size of 66 randomised patients, with 80% power, assuming a SD of 7.13 (estimated from Jonasson et al16) with a 5% signiﬁcance level.
Statistical analyses were performed using SAS V.9.2 (SAS
132

RESULTS
Patients and baseline characteristics

Exercise tests
The maximal workload at the maximal exercise test was 246.4
±61.7 W. Mean maximal leg fatigue Borg score was 81.0±24.0
and the maximal dyspnoea score was 89.1±22.4, indicating
breathlessness limiting physical performance rather than leg
fatigue.
Compared with the exercise test performed before treatment,
the maximum post-exercise FEV1 fall after 6 weeks of treatment
was 5.4% (mean; 95% CI −8.9 to −1.8) smaller in the budesonide/ formoterol on-demand group, 6.6% (−10.3 to −3.0)
smaller in the regular budesonide group and 1.5% (−2.1 to+5.1)
greater in the terbutaline on-demand group (table 2, ﬁgure 2).
Compared with pretreatment results, EIB was reduced by 28.5%
in the budesonide/formoterol on-demand group and by 38.6% in
the regular budesonide group, and increased by 8.9% in the terbutaline on-demand group after 6 weeks of treatment (table 2).
The effect of treatment on post-exercise FEV1 fall differed
between the terbutaline on-demand group and the budesonide/
formoterol group ( p=0.017) and the regular budesonide group
(p=0.026).
After 3 weeks a small reduction in EIB was observed in the
budesonide/formoterol group (p=0.051) and the regular budesonide group (p=0.113) but not in the terbutaline group (table 2).
Maximal post-exercise FEV1 fall after 6 weeks was 1.2% in
favour of regular budesonide treatment compared with the
budesonide/formoterol on-demand group. Non-inferiority for
the combination treatment on demand compared with regular
budesonide treatment was proven for the main outcome variable
(ﬁgure 3).

Effects on other variables
Asthma was well controlled after 6 weeks of treatment (ACQ5, table
3). Symptom score was low on days with exercise and there were
almost no symptoms on days without exercise (table 3). Symptoms
and ACQ scores did not differ between the groups at any visit.
Lazarinis N, et al. Thorax 2014;69:130–136. doi:10.1136/thoraxjnl-2013-203557
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Dyspnoea and leg fatigue were registered according to the Borg
CentiMax scale (CR100) at every second workload.14 Maximal
heart rate and the workload at the time of stopping were
registered.

Asthma
Patient characteristics at baseline (visit 1)

Characteristics
Age (years)
Women/men
BMI (kg/m2)
Ex-smokers (n)
Smoking cessation (years)
FEV1 baseline (L)
FEV1 % predicted value
Positive skin prick test (n (%))
Maximal exercise test
Max workload (W)
Max dyspnoea (Borg CR100)
Max leg fatigue (Borg CR100)
Max heart rate (beats/min)

Regular placebo once daily+budesonide/
formoterol on demand
N=23

Regular placebo once daily
+terbutaline on demand
N=22

Regular budesonide once daily
+terbutaline on demand
N=21

31±12
9/14
25.0±4.0
8
7.1±5.6
3.8±0.8
100±12
14 (61)

28±12
16/6
23.4±3.6
1
3.4±0.0
3.4±0.6
97±10
16 (73)

26±10
11/10
24.6±3.6
1
7.2±0.0
3.8±0.8
99±9
15 (71)

251±66
86.5±20.6
77.0±25.0
186±9

232±57
95.9±21.2
87.3±23.2
189±12

255±63
85.3±25.5
79.1±26.5
181±25

Data are presented as mean±SD. On demand means medication inhaled prior to training sessions and for symptom relief.
BMI, body mass index; FEV1, forced expiratory volume in 1 s.

The daily dose of inhaled budesonide was on average 393 μg
in the regular budesonide group and 163 μg in the group who
inhaled the combination on demand (table 4). The need for
extra medication, prior to exercise and for symptom relief, was
similar in the three groups (table 4).

Safety
All treatments were well tolerated and no drug-related adverse
events or serious adverse events were reported. No patient discontinued treatment due to an adverse event. The most
common adverse events reported by the patients (n=66) were
common cold, cough, sore throat and gastroenteritis.

DISCUSSION
In this study it was demonstrated that a 6-week treatment
regimen with inhalation of a combination of budesonide and
formoterol on demand was superior to on-demand inhalation of

Table 2 The maximal post-exercise fall in FEV1 compared with
pre-exercise values at baseline (ie, at randomisation) and after 3
and 6 weeks of treatment in the group inhaling regular placebo and
terbutaline on demand, regular budesonide and terbutaline on
demand and regular placebo and the combination of budesonide
+formoterol on demand
Baseline

3 weeks

Regular placebo and terbutaline on demand
17.7±8.9
16.9±8.5
Max post-exercise FEV1 fall
Relative change (%)
–
−1.6±45.6
Regular budesonide and terbutaline on demand
15.3±5.7
11.3±7.2
Max post-exercise FEV1 fall
Relative change (%)
–
−26.4±7.3
Regular placebo and budesonide/formoterol on demand
16.4±7.5
12.6±7.2
Max post-exercise FEV1 fall
Relative change (%)
–
−18.7±42.3

6 weeks

18.8±10.9
+8.9±55.1
9.6±7.0
−38.6±43.4
11.1±8.2
−28.5±53.7

The exercise test is performed 24 h after the last dose of the study medication.
The relative change in EIB following 3 and 6 weeks of treatment indicates the relative
change in EIB after treatment compared with pre-exercise EIB. Data are presented as
mean±SD.
EIB, exercise-induced bronchoconstriction; FEV1, forced expiratory volume in 1 s.
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a SABA in reducing EIB, assessed by an exercise test performed
after a 24 h period free from any medication. Furthermore, the
reduction in EIB after 6 weeks of treatment with inhaled budesonide/formoterol on demand was non-inferior to daily inhalation of budesonide. This ﬁnding clearly indicates that
treatment with three to four doses per week of the combination
is sufﬁcient to provide good asthma control, implying no need
for regular treatment with inhaled corticosteroids (ICS) in
patients with mild asthma.
According to current guidelines, patients with EIB should
inhale a rapid-acting β2 agonist prior to exercise and if reliever
medication is needed more than twice a week, regular controller
therapy with ICS should be considered.1 Our study included
patients with mild asthma in whom inhaled steroids were not
indicated according to the treating physician and who inhaled
reliever medication up to four times a week. These patients
often inhale a β2 agonist before exercise as routine, implying
that the exact need for treatment is not known. In clinical practice these patients are frequently treated with a rapid SABA or
LABA on demand as the only medication. In the present study
all three groups of patients seemed have well controlled asthma
from a clinical point of view, as their consumption of extra
medication was approximately one inhalation per week or every
second week. This shows that the favourable result obtained in
the budesonide/formoterol group cannot be explained by a
higher number of extra inhalations.
Although terbutaline protected against EIB when inhaled on
demand throughout the study, as indicated by the low
symptom scores even on exercise days, the bronchial response
to exercise was unaltered, or even slightly increased, after
6 weeks of treatment with inhaled terbutaline on demand as
monotherapy. As the symptom scores did not differ between
groups on the exercise days, the patients did not seem to perceive a difference in the protective effect between terbutaline
and budesonide/formoterol when inhaled prior to exercise.
However, the results clearly indicate that treatment with the
combination on demand provides better protection for occasional, unplanned exertion than terbutaline on demand as
monotherapy. Continuous treatment with a β2 agonist may
increase the bronchial response to methacholine17 and exercise.18 In addition, the enhancement of bronchial response to
133
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Table 1

Asthma

methacholine induced by repeated low-dose allergen challenges
is counteracted by inhalation of a combination of a steroid
(budesonide) and a rapid-acting β2 agonist (formoterol) but
not by inhalation of formoterol alone.19 There are thus a
number of studies showing that regular treatment with a β2
agonist alone has no beneﬁcial effect on airway responsiveness

over time. The present study is in agreement with these ﬁndings, as treatment with a β2 agonist alone did not alter airways
response to exercise over time. We conclude that monotherapy
with a β2 agonist on demand, which is not indicated for
regular use in more severe asthma,20–22 may also be avoided in
patients with mild asthma.

Figure 3 Demonstration of
non-inferiority between budesonide on
a regular basis (400 μg daily) and
terbutaline (0.5 mg) on demand versus
the combination of budesonide
(400 μg) and formoterol (6.0 μg) on
demand in the per protocol
population. FEV1, forced expiratory
volume in 1 s.
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Figure 2 Forced expiratory volume in
1 s (FEV1) before and after a 6 min
standardised exercise test on a
treadmill, while breathing dry air,
before treatment (upper panel) and
after 6 weeks of treatment (lower
panel) with the three different
treatments.

Asthma
Measures of asthma control
Regular placebo once daily+budesonide/
formoterol as needed
N=23
ACQ5
Baseline
1.2±0.7
After 6 weeks
0.75±0.58
Symptoms associated with exercise
Asthma symptoms (%)*
49.8±26.1
Cough (0–4)
0.31±0.24
Wheeze (0–4)
0.29±0.35
Shortness of breath (0–4)
0.42±0.48
Mucus (0–4)
0.33±0.28
Breathlessness (0–4)
0.69±0.62
Symptoms not associated with exercise
Asthma symptoms (%)*
0.69±0.62
Cough (0–4)
0.13±0.30
Wheeze (0–4)
0.06±0.14
Shortness of breath (0–4)
0.06±0.15
Mucus (0–4)
0.08±0.23
Breathlessness (0–4)
0.07±0.15

Regular placebo once daily
+terbutaline as needed
N=22

Regular budesonide once daily
+terbutaline as needed
N=21

1.3±0.7
0.93±0.74

1.0±0.6
0.66±0.61

50.9±36.9
0.26±0.31
0.31±0.56
0.63±0.77
0.52±0.66
0.95±1.03

51.1±30.5
0.22±0.25
0.20±0.26
0.37±0.47
0.59±0.78
0.82±0.75

0.95±1.03
0.22±0.39
0.07±0.22
0.12±0.24
0.14±0.27
0.14±0.18

0.82±0.75
0.08±0.16
0.02±0.06
0.03±0.05
0.11±0.29
0.06±0.16

ACQ5 at baseline and after 6 weeks of treatment and symptom score (according to the electronic diary, averaged for the period of 6 weeks) during days with and without exercise.
*Asthma symptoms associated with exercise are calculated on days when exercise was performed. Asthma symptoms not associated with exercise indicate days with any symptom not
related to exercise during the whole period of 6 weeks. Cough, wheeze, shortness of breath, mucus and breathlessness are indicated on a scale from 0 to 4, where 0 relates to no
symptoms and 4 to maximal symptoms. Data are presented as mean±SD.
ACQ5, Asthma Control Questionnaire 5.

In our study, the long-term protective effect on EIB was
similar in the groups who received budesonide, demonstrating
that budesonide+formoterol inhaled on demand was noninferior to regular, daily corticosteroid therapy, despite a
2.5-fold lower total corticosteroid dose. The combination of
budesonide and formoterol, used as maintenance and reliever
therapy, prevents exacerbations and symptoms more effectively
than regular inhalations of the combination with rapid-acting
bronchodilators as reliever.23–26 In all these studies the ICS/
LABA combination has been given as maintenance and as
reliever therapy. This treatment strategy has been used in subjects with more severe asthma, that is, in patients who need
regular treatment with a combination of inhaled steroids and

Table 4

LABAs. For the ﬁrst time it was shown that on-demand use of
an ICS/LABA combination is non-inferior to regular treatment
with an ICS in patients with asthma and EIB, indicating that
treatment with the combination on demand is an alternative to
regular corticosteroid treatment in patients with mild asthma.
It could be argued that 6 weeks of treatment may be too
short to achieve the full effect of the steroid on EIB and that the
dose of budesonide may be too low to achieve maximal effect.
In a 3-month study of children with a history of wheezing, but
not documented EIB, a daily dose of 400 μg of beclomethasone
dipropionate totally abolished post-exercise bronchoconstriction
after 1 month of treatment.27 Six weeks of inhaled budesonide,
1600 μg daily, reduced EIB compared with placebo in adults.28

Intake of study drugs throughout the study

Budesonide, metered dose 400 μg/
inhalation (μg/day)
Budesonide, metered dose 200 μg/
inhalation (μg/day)
Terbutaline (μg/day)
Formoterol (μg/day)
Maintenance, number of inhalations/
day
Medication prior to exercise, number of
inhalations/day
Medication for symptom relief, number
of inhalations/day

Placebo once daily and budesonide
+formoterol on demand
N=23

Regular placebo once daily
+terbutaline on demand
N=22

Regular budesonide once daily
+terbutaline on demand
N=21

0

0

393±12

163±80

0

0

0
3.7±2.3
0.96±0.10

372±216
0
0.99±0.03

309±266
0
0.98±0.03

0.74±0.46

0.78±0.46

0.63±0.19

0.07±0.09

0.15±0.24

0.14±0.55

The dose of budesonide is calculated as the metered dose which is 400 μg/inhalation in the group who inhaled budesonide on a regular basis and 200 μg/inhalation in the group who
inhaled the combination of budesonide and formoterol as needed. ‘On demand’ medication before exercise was inhaled four to five times per week whereas ‘on demand’ medication
on days without exercise was taken once per week or per second week. Data are presented as mean±SD.
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Table 3

Asthma

Contributors KL: study design. NL, BD, LB, TP, GH and KHC: patient recruitment,
enrolment, randomisation and follow-up. LJ and TE: collection of data. LJ: statistical
analysis. NL, LJ, TE, GH, TP, LB, BD, KHC and KL: analysis, interpretation of the data
and writing of the manuscript.
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In children with asthma EIB was reduced after 3 weeks of treatment29 and in another paediatric study a daily dose of 200 μg
ﬂuticasone reduced EIB within 4 weeks of treatment.30 The
effect of inhaled steroids on EIB thus appears after a few weeks
of treatment, indicating that 6 weeks of treatment is sufﬁcient
for a study of this type.
A high dose of budesonide (1600 μg/day) reduced EIB by
17% in adult patients with asthma who had a pretreatment postexercise FEV1 fall of 26%.28 In our study the post-exercise
FEV1 fall prior to randomisation was 15–18%, indicating that
the patients had mild asthma and there was not much room for
improvement. Although studies in children clearly indicate that
the effect of inhaled steroids on EIB appears at low doses, we
cannot exclude the possibility that a higher dose of budesonide
in the group that received regular treatment would have
improved the results further. The present data do not allow any
conclusions to be drawn regarding possible dose–response relationships between on-demand medication with the combination
of budesonide/formoterol and the protection against EIB.
In conclusion, in mild asthma a combination of an inhaled
corticosteroid and a long and rapid-acting β2 agonist used on
demand is superior to the use of an inhaled SABA alone in reducing EIB. In addition, inhalation of the combination on demand
is not inferior to regular treatment with the corticosteroid alone
in these patients, despite a 2.5-fold lower dose of the steroid.
The results may have implications for treatment guidelines in
patients with mild asthma.

