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ABSTRACT:  The main aim of the present study was to evaluate whether inhaled sal-
meterol given in the evening protected against exercise-induced asthma the next morning.

Twenty three children (12 males and 11 females) with a mean age of 11 yrs and
with exercise-induced asthma participated in a double-blind, randomized, placebo-
controlled study.  The children inhaled salmeterol 25 µg, salmeterol 50 µg and place-
bo by Diskhaler® at 10 p.m. on 3 separate days.  Next morning, half of the children
ran on a motor-driven treadmill for 6 min at submaximal load at 8 a.m. and the
remainder at 10 a.m.  Lung function was measured by maximal expiratory flow-
volume loops before running, immediately after, and 3, 6, 10 and 15 min after running.

The mean maximum reduction in forced expiratory volume in one second (FEV1)
after treadmill run was 34% before inclusion in the study.  Mean maximum fall in
FEV1 was significantly greater after placebo: 30% (23–36) (95% confidence inter-
val) than after salmeterol 25 µg: 19% (12–23) or salmeterol 50 µg: 18% (12–25).
In addition to the reduced postexercise bronchoconstriction, pre-exercise lung func-
tion (FEV1) was significantly higher both after salmeterol 25 µg: 2.4 L·s-1 (2.1–2.7)
and salmeterol 50 µg: 2.5 L·s-1 (2.2–2.8) than after placebo: 2.2 L·s-1 (1.9–2.5).  No
significant differences in pre- and postexercise lung function were found between
children tested at 8 or 10 a.m., or in relation to salmeterol dosage.

Thus, inhaled salmeterol 25 and 50 µg offered similar overnight protection against
exercise-induced asthma and improved baseline lung function in the morning as
compared to placebo.
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Exercise-induced bronchoconstriction (EIB) is a com-
mon presentation of childhood asthma.  Exercise-induced
asthma (EIA) is defined by a reduction in lung function
from before to after a standardized exercise manoeuvre.
Forced expiratory volume in one second (FEV1) is the
most common lung function measure employed, and a
reduction in FEV1 of at least 10%, (or 15% according
to some authors) from before to after exercise, is required
to diagnose exercise-induced asthma [1].  In a random
sample of Danish children and adolescents, 6% had a
reduction in FEV1 of 15% or more after an exercise test,
and 16% had a fall of at least 10% [2].  EIA often rep-
resents a major obstacle in the everyday life of asthmatic
children [3].  As cardiovascular fitness has been found
to correlate with psychological functioning of the asth-
matic child, EIA may affect their self-image [4].  The
physical activity of a child is often unpredictable, and is
part of their regular play.  It may, therefore, be difficult
to employ the recommended use of inhaled β2-agonists
shortly before the exercise. A long-acting β2-agonist
might, thus, be beneficial in this respect.  Salmeterol is
a long-acting β2-agonist for inhalation, and has been shown
to protect against EIA in children [5] and in adults [6].

In the present study, we aimed to evaluate whether
inhaled salmeterol taken the evening before, improved
lung function and protected against exercise-induced asth-
ma in the morning, 10–12 h after the administration of
salmeterol.

Patients and methods 

Patients

Twenty three patients with a history of EIA were includ-
ed in the study, 11 boys and 12 girls, aged 8–16 yrs.  One
additional boy dropped out during the run-in period due
to acute gastroenteritis, which rendered him unable to
fullfil the treadmill tests according to the schedule.  Child-
ren with other severe diseases influencing cardiorespira-
tory function or performance on testing, were not eligible
for the study.  The regular asthma medication of the chil-
dren included had to be unchanged during the last 4 weeks
prior to the study, and the patients were not allowed to
have had any lower airways infections during the 4 weeks
prior to inclusion.
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Mean age of the patients was 11±2 yrs (mean±standard
deviation (SD)), weight was 42±12 kg, and height was
148±13 cm.  Of the 23 children included in the study, 18
used inhaled steroids regularly in doses of 200–1000 µg
b.i.d, 22 patients used inhaled short-acting β2-agonists
daily and two patients used antihistamines. Eleven of the
23 asthma patients had a history of atopic eczema, eight
of allergic rhinitis, and one of food-allergy. 

Study design 

The present double-blind, randomized, cross-over study
had a block design.  Children participating in the study,
who experienced a reduction in FEV1 of 15% or more after
the treadmill test during the run-in visit, were included in
the study.  After inclusion into the study, they inhaled either
placebo, salmeterol xinafoate 25 µg or salmeterol xinafoate
50 µg by Diskhaler® at 10 p.m.  A submaximal exercise
test by running on a treadmill was performed the next morn-
ing at 8 or 10 a.m.  The patients were randomized into two
main groups with half performing the treadmill test at 8
a.m. and half at 10 a.m.  Within each main group they were
randomized so that an equal number of patients received
each drug as the first, second and third drug, respectively,
employing a Greek-Latin square design.  The design was
set up for 24 patients.  The interval between the study days
was 2–7 days, except for three patients with an interval of
7–14 days.  Sixteen patients were included in the study at
Geilomo hospital, and seven patients at Ullevål Hospital.
The study was approved by the Regional Medical Ethics
Committee. 

Methods 

A single dose of salmeterol xinafoate 25 µg dry powder,
salmeterol xinafoate 50 µg dry powder, or placebo dry pow-
der packed in 8-place gold-foil Rotadisks® was inhaled by
a Diskhaler® at 10.00 p.m. the night before each of the three
study days.  A proper inhalation technique with the Diskhaler®

was ensured before including the patients in the study.  
Lung function was measured by maximally forced expi-

ratory flow-volume curves (Masterscreen Pneumo, Erich
Jaeger GmbH & Co. KG, Würzburg, Germany).  EIB was
determined by running on a motor-driven treadmill for 6
min with submaximal exercise load [7].  The inclination of
the treadmill was 5.5%, and the speed was adjusted to sub-
maximal load to achieve a steady-state heart rate of 170–180
beats·min-1.  The heart rate was recorded electronically (Sport-
Tester PE 3000 with memory function).  The submaximal
run on the treadmill was performed with the same speed
(exercise load) on all four test occasions for the individual
child.  FEV1 was measured before running, immediately
after, and 3, 6, 10 and 15 min after cessation of running.

Maximum percentage fall in FEV1 after the exercise test
was calculated by: (pre-exercise FEV1 - minimum postex-
ercise FEV1)/pre-exerciseFEV1 ×100%. Minimum post-
exercise FEV1 was taken from the recordings at 0, 3, 6, 10
and 15 min after the exercise test.  Similar calculations were
also performed for the lung function parameters: maximum
expiratory flow at 50% of vital capacity (MEF50) and max-
imum expiratory flow at 25% of remaining vital capacity
(MEF25).

The patients did not inhale short-acting β2-agonist dur-
ing the last 24 h before the treadmill tests.  No patients used
theophyllines or disodium cromoglycate.  Antihistamines
were stopped during the last week prior to the study.  The
use of inhaled steroids was not changed, but the patients
did not receive their regular dose on the morning of the
treadmill tests. 

Sample size

With a power of 95% of detecting a 5% difference between
the treatment groups for reduction in FEV1 after treadmill
test at a significance level of 0.05, 24 patients should be
included in the study [8].

Statistical evaluation 

Results are given as mean values with 95% confidence
intervals (CI) unless otherwise stated.  Demographic data
are given as mean±standard deviation (SD).  Baseline data
between the two blocks (treadmill at 8.00 and 10 a.m.) were
compared by the nonparametric Wilcoxon rank sum test.
When testing for differences between the two active drugs
and placebo, analysis of variance (ANOVA) for mixed mod-
els was applied.  When significant differences were found,
pairwise comparisons were made by use of the Tukey
method.  Differences in number of patients with a fall in
FEV1 >15% with the different treatments were tested with
the chi-squared test.  The analysis was performed with
Statistical Analysis System (SAS) software.  All tests were
carried out with two tails and a significance level of 5%.

Results

Pre-exercise lung function as well as postexercise reduc-
tion in FEV1, MEF50 and MEF25 did not differ signifi-
cantly whether the exercise test was performed at 8.00
or 10.00 a.m. within each treatment group (placebo, and
salmeterol 25 or 50 µg) (table 1).  The mean postexercise

Table 1.  –  Lung function (FEV1), maximum reduction in
FEV1 (∆FEV1) and maximum heart rate after treadmill run
at 8.00 and 10.00 a.m. in 23 patients

8.00 a.m. 10.00 a.m. p-value

Run-in 
FEV1 L·s-1 2.3±0.70 2.3±0.78 NS

∆FEV1 % 34±16 32±12 NS

HR  beats·min-1 188±9 187±9 NS

Placebo 
FEV1 L·s-1 2.2±0.77 2.2±0.71 NS

∆FEV1 % 33±15 29±14 NS

HR  beats·min-1 184±8 183±7 NS

Salmeterol 25 µg
FEV1 L·s-1 2.5±0.73 2.4±0.74 NS

∆FEV1 % 24±19 15±11 NS

HR  beats·min-1 186±8 179±6 NS

Salmeterol 50 µg 
FEV1 L·s-1 2.5±0.78 2.5±0.82 NS

∆FEV1 % 23±16 14±13 NS

HR  beats·min-1 185±7 181±8 NS

Data are presented as mean±SD.  FEV1:  forced expiratory vol-
ume in one second; HR: heart rate; NS: nonsignificant.



heart rate was not significantly different at 8.00 and 10.00
a.m.  Further evaluation was, therefore, performed with
the results from 8 and 10 a.m. analysed together for each
treatment.

The values of FEV1, MEF50 and MEF25 before and
immediately after exercise, and 3, 6, 10 and 15 min after
exercise are shown in figure 1.  Significant differences

were found between placebo and salmeterol 25 µg on the
one hand, and between placebo and salmeterol 50 µg on
the other both in pre-exercise values of FEV1, MEF50
and MEF25: (p<0.0001) and after the treadmill test (FEV1
and MEF50: p<0.0001; MEF25: p<0.0005).  No signifi-
cant differences were found between the lung function
values pre-exercise or postexercise for salmeterol 25 µg
and 50 µg.  The mean values with standard error of the
mean (SEM) for FEV1, MEF50 and MEF25 before and after
the exercise tests are shown in figure 1, demonstrating
the bronchodilator effect of both doses of salmeterol pre-
exercise, as well as the higher lung function values after
both salmeterol doses compared to placebo through the
entire observation period after the exercise tests.

The reduction in FEV1 was significantly greater (p=0.02)
after placebo treatment (mean value 0.67 L·s-1) than after
salmeterol 25 µg (0.47 L·s-1) or 50 µg (0.46 L·s-1), as
seen in table 2.  The percentage reduction in FEV1 after
exercise from pre-exercise value was also significantly
greater (p=0.001) after placebo treatment (30%) than
after salmeterol 25 µg (19%) and salmeterol 50 µg (18%)
(table 2).  No such significant differences were found
between the two doses of salmeterol.

Regarded as a measure of the exercise load of the
treadmill tests, the heart rate immediately after the exer-
cise did not differ significantly between placebo (184
beats·min-1), salmeterol 25 µg (183 beats·min-1) and sal-
meterol 50 µg (183 beats·min-1) (table 2).

The number of subjects with a maximum reduction in
FEV1 more than 15% from pre-exercise level differed
significantly (p=0.03) after placebo treatment (17 patients)
compared to salmeterol 25 µg (8 patients) and salme-
terol 50 µg (11 patients), but did not differ signifi-
cantly between salmeterol 25 and 50 µg (table 2).

Discusssion 

The present study shows that inhaled salmeterol 25
and 50 µg taken in the evening, significantly improves
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Fig. 1. –  FEV1, MEF50 and MEF25 pre-exercise, immediately post-
exercise, and 3, 6, 10 and 15 min after treadmill run.  The treadmill tests
were performed the morning after placebo, salmeterol 25 and 50 µg were
inhaled at 10 p.m.  There were significant differences between placebo
and both doses (25 and 50 µg) of salmeterol both pre-exercise and on all
measurements after exercise (p<0.0005 on all comparisons).  No sig-
nificant differences were found between salmeterol 25 and 50 µg.  Values
are presented as mean and SEM.  —●—: salmeterol 50 µg;   ■ : sal-
meterol 25 µg;    ▲ : placebo.  FEV1: forced expiratory volume in
one second; MEF50: maximum expiratory flow at 50% vital capacity;
MEF25: maximum expiratory flow at 25% remaining vital capacity 

Table 2.  –  FEV1, maximum reduction in FEV1 (∆FEV1)
after exercise, number of patients (Pts) with >15% reduc-
tion in FEV1 after exercise and heart rate immediately
postexercise on the three treatment days in 23 patients.

Placebo Salmeterol Salmeterol p-value
25 µg 50 µg

Pre-exercise
FEV1 L·s-1 2.2  2.4 2.5 <0.0001

(1.9–2.5) (2.1–2.7) (2.2–2.8)
Post-exercise

∆FEV1 % 30 19 18 0.001
(23–36) (12–25) (12–25)

Pts with  
∆FEV1 >15%  n 17 8 11 0.03
HR  beats·min-1 184 183 183 NS

(181–188) (179–187) (180–187)

Values are presented as mean with 95% confidence interval in
parenthesis.  Numbers of patients are in absolute numbers.  P-
values represent differences between placebo and the two doses
of salmeterol.  No differences were found between salmeterol
25 and 50 µg.  For abbreviations see legend to table 1.



lung function the next morning, 10 and 12 h later.
Furthermore, the fall in lung function after exercise was
significantly diminished by salmeterol 25 and 50 µg
compared to placebo.  This demonstrates a prolonged
effect of the inhaled drug as regards bronchodilation, as
well as protection against EIA.

GREEN and PRICE [5] have previously demonstrated a pro-
tection against EIA by salmeterol 50 µg, 1, 5 and 9 h after
administration of the drug.  The present study demonstrat-
ed that the protective period of inhaled salmeterol may last
10 and 12 h, and that a similar protection was offered by
the lower dose of 25 µg salmeterol.

The improved lung function the morning after inhalation
of salmeterol at 10 p.m. in the present study indicates that
an amelioration of nocturnal asthma symptoms may be antic-
ipated after inhaling salmeterol in the evening.  This find-
ing compares to the improvement in nocturnal symptoms
and morning PEF obtained by inhaled salmeterol compared
to slow-release terbutaline, recently reported [9].

The long-acting duration of salmeterol, both as regards
improved lung function and protection against EIA, would
probably help in improving the quality of life in asthma
patients, as recently found in a study from general prac-
tice in England.  The adult patients in that study experi-
enced improved asthma symptoms in general, as well as an
improvement in activity restriction [10].  Asthma limits
physical activity to a great extent in asthmatic children [3,
11], and physical activity is an important part of their life
[12].  To obtain protection against EIA which may last for
up to 12 h, would enable the asthmatic children to take part
in normal play and sports.  The common recommendation,
to inhale a short-acting β2-agonist or disodium cromogly-
cate shortly before physical activity, may be troublesome
for a child.  Addition of a long-acting β2-agonist for inhala-
tion to the regular anti-inflammatory therapy, may there-
fore be of benefit in many patients.

In the present study, the exercise tests were performed at
8 a.m. (l0 h after adminstration of the study drug) in half
of the patients, and at 10 a.m. for the remainder.  The results
both for placebo, and for salmeterol 25 and 50 µg did not
differ signficantly between the block tested at 8 a.m. and
the block tested at 10 a.m. The two blocks were, therefore,
evaluated together.  However, when performing the analy-
ses for each block, the results were the same with the same
significant differences within each block as when the two
blocks were evaluated together.

The exercise load was standardized in the present study,
as in the study by BONER et al. [13] and in the study by
GREEN and PRICE [5].  BONER et al. [13] employed a load
of approximately 90% of predicted maximum value mea-
sured by heart rate, and this compares well to the load in
the present study.  The load was practically identical on all
three tests in our study (table 2), thus making an adequate
comparison between the different treatment days possible.

It has been maintained that inhaled β2-agonists protect
against EIA due to their bronchodilating effect, and that
they should be used primarily for EIA when a broncho-
constriction may be demonstrated [14].  The present study
confirms that the protective effect of salmeterol is caused,
to a large extent, by its bronchodilating effect.  The pre-
exercise lung function was signficantly higher after both
doses of salmeterol than after placebo.  Furthermore, the

higher post-exercise lung function after salmeterol was
explained, to a large extent, but not fully, by the higher pre-
exercise level (fig. 1 and table 2).  Thus, in the present
study, salmeterol protected against EIA mainly through its
bronchodilating effect.

From this study, it might be observed that salmeterol did
not fully protect against EIB.  Eight subjects had a reduc-
tion in FEV1 greater than 15% after inhaled salmeterol 25
µg, and 11 subjects after salmeterol 50 µg.  Additional pro-
tective medication taken shortly before exercise, may be
needed to fully control EIB in some patients.  Thus, it is
advisable to check the effect of the drug upon EIB before
giving a long-term prescription.

In conclusion, the present study has demonstrated that
inhaled salmeterol 50 and 25 µg had a protective effect
upon EIA.  The protective effect was demonstrated to last
for 12 h after inhaling salmeterol.  Thus, inhaled salmeterol
may help asthmatic children to improve their asthmatic
symptoms and their control of EIB.
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