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Protective Effect of a Low Single Dose Inhaled Steroid
Against Exercise Induced Bronchoconstriction

R. Visser, mp,"* M. Wind, wmp,? B. de Graaf, wp,' F. H. C. de Jongh,?
J. van der Palen,*® and B. J. Thio, mp'

Summary. Objective: Daily use of inhaled corticosteroids (ICS) reduces exercise induced
bronchoconstriction (EIB) in asthmatic children. A high single dose of ICS also provided acute
protection against EIB. Objective of this study is to investigate whether a low single dose of ICS
offers protection against EIB in asthmatic children. Methods: 31 Mild asthmatic children not
currently treated with inhaled corticosteroids, 5-16 years, with EIB (fall in FEVq 5/1 > 13%) were
included in a prospective intervention study. They performed two ECT’s within 2 weeks. Four hours
before the second test children inhaled 200 j.g beclomethasone-dipropionate (BDP) with a breath-
actuated inhaler (BAIl). Results: The median fall in FEV 5,1 after 200 g BDP was significantly
reduced from 30.9% at baseline to 16.0% (P < 0.001). Twenty children (64.5%) showed a good
response to 200 ug BDP (>50% decrease in fall of FEV, 5/1), while 8 children showed a moderate
response (25-50%), and three children showed no response at all (< 25%). Conclusion: A low
single dose ICS offers acute protection against EIB in the majority of asthmatic children not

currently treated with inhaled corticosteroids. Pediatr Pulmonol. 2015;50:1178-1183.
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INTRODUCTION

Exercise induced bronchoconstriction (EIB) is defined as
a transient narrowing of the airway during or after physical
exercise.' EIB is a highly prevalent and specific symptom
of childhood asthma and reflects airway inflammation.'
Of all asthma symptoms, EIB is considered to be the most
detrimental on the quality of life of children.>*

An exercise challenge test (ECT) can detect EIB,
diagnose asthma and evaluate asthma treatment.” Daily
use of inhaled corticosteroids (ICS) reduces exercise
induced bronchoconstriction (EIB) in asthmatic children.
Thio et al. also showed an acute protective effect of a high
single dose of ICS in asthmatic children not currently
treated with inhaled corticosteroids.® The effect, however,
of a low single dose of ICS against EIB is unknown.

The aim of this study was to investigate the protective
effect against EIB of 200 g beclomethasone-dipropionate
(BDP)inhaled 4 hr prior to an ECT in asthmatic children not
currently treated with inhaled corticosteroids. The second-
ary aim was to identify individual characteristics of
children responding to a single dose ICS.

METHODS
Patients

Children 5-16 years, with a paediatrician diagnosis of
mild asthma based on GINA guidelines were recruited
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from the outpatient clinic of the paediatric department of
Medisch Spectrum Twente, Enschede, the Netherlands,
from October 2013 through February 2014.” All children
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had asthmatic symptoms for more than one year. None of
the children had used ICS or nasal corticosteroids for at
least two months prior to the study. Half of the children
had never used ICS before, the other half had stopped ICS
based on symptoms. All children performed an ECT to
assess for EIB and when EIB was identified, confirming
the diagnosis of asthma, children proceeded to the second
ECT. Children with other pulmonary or cardiac disorders
were excluded. Children being admitted to the hospital or
being prescribed systemic corticosteroids because of an
exacerbation in the last 2 months prior to the ECT were
excluded.

First Exercise Challenge Test

The ECT’s were performed as previously described
by Van Leeuwen et al. and Driessen et al.*’In summary
children 5-10 years old jumped for a maximum of 6 min
on a jumping castle in cold, dry air conditions (9.5-10
degrees and humidity 57-59%) in an indoor ice skating
rink. Children 12-16 years old performed the ECT on a
treadmill with a 10° slope (Trimline™ 7150). Children
10-12 years old could choose between the two ECT
formats. Heart rate was continuously monitored by a
radiographic device (Garmin Forerunner 610) and target
was to achieve 80-90% of maximum heart rate.
Pulmonary function was measured before, during and
after exercise using standard ERS protocol'” in case of an
ECT on the jumping castle and in case of running on the
treadmill only before and after the ECT. An exercise
induced fall in FEV; of >13% (or FEV, 5 if FEV| was not
reproducible in the youngest children) compared to
baseline was considered as positive for EIB."' The
percentage of predicted baseline FEV 5,; was measured
with the aid of the Koopman formulas.'?

Second Exercise Challenge Test

Children performed the second ECT according to the
aforementioned procedure within two weeks after the
baseline ECT. This ECT was preceded by the inhalation of
200 pg BDP (Qvar ") 4hr prior to the ECT, administered
with a breath-actuated inhaler (BAI). In the hours between
the medication administration and the ECT the child was
not allowed to perform exercise, so parents had to take
their child to the ice skating rink by car and older children
could arrive by bus or scooter.

The degree of protection of BDP against EIB was
assessed for each individual child. Mean protection was
defined as ((fall in FEV 5,; at baseline—fall in FEV 5;;
after BDP)/ fall in FEV, 5, at baseline).'® Children with a
decrease in fall of FEV s, of >50% were classified as
responders, a decrease of 25-50% was classified as a
moderate response and non-responders were children
with a decrease of <25% in fall of FEV 5/;.
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Questionnaire

Children <12 years old, together with their parents,
answered the Childhood Asthma Control Test (C-ACT) at
the end of the study to measure asthma control.'* Children
>12 years old answered the Asthma Control Test
(ACT)."

Sample Size Calculation

This study was part of another study on EIB, which
included 32 patients. Given a sample size of 31 patients, a
power of 90%, an alpha of 5% and an expected standard
deviation in the fall in FEV 5, of 15%,'® the smallest
detectable difference in fall in FEV,s,; between the
baseline ECT and the ECT after inhaling BDP was 9.03%.

Statistical Analyses

Best values of spirometric measurements were used for
statistical calculations. EIB was defined as an exercise
induced fall of >13% in FEV, or FEV 5 compared to
baseline value. Results were expressed as mean values
= standard deviation (SD) for normally distributed data,
as median (minimum; maximum) for not normally
distributed data or as numbers with corresponding
percentages if nominal or ordinal.

Within person changes in continuous variables (e.g. fall
in FEV, or FEV 5) were analysed with a paired T-test or a
Wilcoxon signed rank, as appropriate. Between-group
differences (responders versus non-responders) in contin-
uous variables (e.g. age) were analysed with a indepen-
dent T-test or a Mann-Whitney U test, as appropriate.
Between-group comparisons of nominal or ordinal
variables (e.g. gender) were performed by Chi-square
tests. A two-sided value of P <0.05 was considered
statistically significant. Data were analyzed with SPSS®
for Windows® version 20 (IBM, Chicago, IL) analytical
software.

Ethical Considerations

This study was approved by the Medical Ethics Review
Board Twente. All children and parents/guardians
received written patient information and provided written
informed consent to participate in this study.

RESULTS

Of the 96 eligible patients, 62 patients entered the study
after informed consent was obtained. Twenty-six did not
have EIB. After finishing the study five children were
excluded (three children performed unreliable lung
function measurements and two had a worsening of their
asthma) and so 31 (22 boys, mean age 8.6 years, range 5—
16), composed the study group (Fig.1). Twenty-five
children (80.6%) performed the ECT’s on the jumping
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Informed consent (n=62)
and baseline ECT
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Excluded (n=26)

® No EIB (n=26)

[ Finished (n=36) ]

Excluded (n=5)
® Asthma exacerbation (n=1)
e Unreliable lung function (n=4)

[ Study group (n=31) ]

Fig. 1. Flow chart of inclusion.

castle. Mean FEV 5, as a percentage of predicted was
81.9% £ 10.2%. 23 Children (74.2%) children had well
controlled asthma. Table 1 summarizes all baseline
characteristics.

Baseline ECT

All children achieved their target heart rate during the
ECT. Mean fall of FEV 5,1 was 35.0% + 14.5%. 35% of

TABLE 1— Baseline Characteristics of the Study Group

Number of patients 31
Age, years (mean £ SD) 8.6£2.8
Boys (N (%)) 22 (71)
Hospitalization before the study (N (%)) 13 (41.9)
FEVy.s;1 % predicted (mean &+ SD) 81.9+10.2
FEV,5, fall in % (median, IQR) 30.9 (21.8; 49.5)
Break through asthma (N (%)) 15 (48.4)
Exercise test format

Jumping castle (N (%)) 25 (80.6)

Treadmill (N (%)) 6 (19.4)
Short acting bronchodilator agent p.r.n. (N (%)) 31 (100)
Leukotriene receptor antagonist (N %)) 309.7)
Allergy

Proven (N (%)) 21 (67.7)

Unknown (N (%)) 10 (32.3)
(C-)ACT <19 (N (%)) 8 (25.8)
(C-)ACT baseline score (mean =+ SD) 21.1£3.9

Data are expressed as mean values + standard deviation, median +
interquartile range (IQR) or numbers (percentage); FEV5/: forced
expiratory volume in 0.5 or 1 s, percentage of predicted based on the
reference values of Koopman et al."* ; Break through asthma: fall in
FEVy 5,1 >13% during exercise; p.r.n. pro re nata; Allergy: proven by
radioallergosorbent test or skin prick test;(C)-ACT = (Childhood)-
Asthma Control Test: a score <19 indicates uncontrolled asthma.'>'®
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the children were too young to perform reliable FEV,
measurements, so in that case the FEV 5 was reported.

Effects on EIB

After inhalation of 200 g BDP 14 children (45.2%)
showed no EIB anymore. Five children (16.1%) still
suffered from breakthrough EIB compared to 15 (48.4%)
at baseline (P = 0.006).

Children showed a significantly smaller fall of FEV s/,
after inhaling 200 pg BDP (median fall 16.0% IQR 8.6 ;
24.2%) compared to the baseline ECT (median fall 30.9%
IQR 21.8 ;49.5%, P = <0.001). Mean protection of BDP
against EIB was 48.9% +32.6%. Twenty children
(64.5%) showed a good response (>50% decrease in
fall of FEV 5/) to a low single dose BDP. Eight children
(25.8%) showed a moderate response (25-50% decrease
in fall of FEV 5,1), while three children (9.7%) showed no
response at all (<25% decrease in fall of FEV,s/).
Individual responses to BDP are summarized in Figure 2.

Baseline characteristics of the responder and moderate/
non-responder group are shown in Table 2. None of these
baseline characteristics differed significantly between the
two groups, but the non-responder group showed a trend
towards more boys (P =0.077) and a higher amount of
children being hospitalized because of asthma before the
study (P =0.076).

Test results of the baseline ECT and the ECT after
inhaling 200 g BDP are summarized in Table 3.

Nadir and Recovery of EIB

Of the 17 children still showing EIB after inhaling
200 pg BDP, the maximum fall of FEV,s, (nadir)
appeared significantly earlier after inhaling BDP (108 sec
4+ 66) compared to baseline (162sec +90) (difference
54 sec, 95%CI 5.5 ; 93.4, P =0.03).

Also, the recovery time of these 17 children (FEV s/
within 5% of baseline) was significantly shorter after
inhaling 200 wg BDP compared to baseline (19.7 min &

Fall in FEV1/0.5 per individual child at
baseline and after inhaling 200pgr BDP
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Fig. 2. Individual responses to a low single dose BDP measured
in fall in FEVg 5.
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TABLE 2— Characteristics of Responders versus Moderate/non Responders to a Single Low Dose Beclomethasone

Dipropionate on Exercise Induced Bronchoconstriction

Responders Moderate/non responders Diff (95%CI); p-value

Number of patients 20 11
Age, years (mean + SD)' 8.3+32 92420 0.9 (—1.21; 3.16); P=0.370
Boys (N (%)) 12 (60.0) 10 (90.9) P=0.077
Hospitalisation before the study (N (%))2 6 (30.0) 7 (63.6) P=0.076
FEVys;1 % predicted (mean + SD)! 82.44+12.0 81.0+£5.9 1.4 (—0.08; 0.05); P =0.669
FEVs;, fall % (mean + SD)’ 342+13.5 36.4+16.8 2.2 (—=0.09; 0.14); P=0.683
Break through asthma (N (%))* 10 (50.0) 5 (45.5) P=0.553
Exercise test format >

Jumping castle (N (%)) 15 (75.0) 10 (90.9) P=0.284

Treadmill (N (%)) 5(25.0) 19.1)
Leukotriene receptor antagonist (N (%))2 1 (5.0) 2 (18.2) P=0.281
Allergy > P=0.510

Proven (N (%)) 14 (70.0) 7 (63.6)

Unknown (N (%)) 6 (30.0) 4 (36.4)
(C-) ACT < 19 (N (%)) 4 (20.0) 4 (36.4) P=0.281
(C-) ACT baseline score (median (IQR))3 22.5 (20.0-24.0) 22.0 (17.0-23.0) 0.5 P=0.670

Responders: decrease in fall in FEV( 5,1 >50% compared to baseline. Moderate responders: decrease in fall in FEV 5,; 25-50% compared to
baseline. Non responders: decrease in fall in FEV( 5;; <25% compared to baseline.

FEV,,.51: forced expiratory volume in 0.5 or 1 s, percentage of predicted based on the reference values of Koopman et al.'® ; Break through asthma:
fall in FEV0.5/1 > 13% during exercise. Allergy: proven by blood test or skin prick test; (C)-ACT, (Childhood)-Asthma Control Test: a score <19

indicates uncontrolled asthma.'>'®

'Independent T-test.
2Chi-square test.
3Mann—Whitney U test.

4.5 and 14.9min % 6.9, respectively; difference 4.8 min,
95%CI 1.4; 8.1, P =0.009).

DISCUSSION

A low single dose of 200 wg BDP inhaled 4 hr prior to
an ECT protected significantly against EIB in asthmatic
children not currently treated with inhaled corticoste-
roids. There was however a considerable variability in the
protection against EIB, with a trend towards more boys in
the non-responder group.

To our knowledge, this is the first prospective
intervention study investigating the acute protective

effect of a low single dose of 200 wg BDP 4 hr prior to
an ECT on EIB in asthmatic children. Our results
correspond to Thio et al. who showed that a single high
dose of 1 mg fluticasone 4 hr before an ECT offered an
acute protective effect against EIB in asthmatic children.®
Other studies also showed an acute protection against
bronchial hyperresponsiveness (BHR) to indirect stimuli
when using high single doses of 1000-1600 wg ICS
inhaled 4-8 hr before a challenge in adult asthmatics.'”'®
Kippelen et al. demonstrated that a high single dose of
1500 g BDP provided significant protection against
BHR due to hyperpnea in both untrained adult asthmatics
and athletes with EIB.'®

TABLE 3— Test Results at Baseline and after Inhalation of 200 ngr of Beclomethasone Dipropionate (bdp)

Baseline After 200 pgr BDP Diff (95%CI); P-value
FEV, /i % of predicted value (mean £ SD)! 81.9+1.2 80.0+12.8 1.9 (—0.02; 0.054); P=0.278
FEV,.s/1 fall % (median (IQR))? 30.9 (21.8; 49.5) 16.0 (8.6; 24.2) P <0.001
Break through asthma (N (%))’ 15 (48.4) 5 (16.1) P =0.006
Nadir in seconds (mean + SD)’ 162 +90 108 £+ 66 54 (5.5; 93.4); P=0.030
Recovery in minutes (mean + SD)I 19.7+4.5 149+6.9 4.8 (1.4; 8.1); P=0.009

Data expressed as mean values =+ standard deviation, median with interquartile ranges or numbers (percentage). BDP: Beclomethasone
Dipropionate. FEV) 5,1 forced expiratory volume in 0.5 or 1 s, percentage of predicted based on the reference values of Koopman et al. 13 Break

through asthma: fall in FEVs,; >13% during exercise.
'Independent T-test.

*Mann-Whitney U test.

3Chi-square test.
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We showed that a low single dose of 200 ug BDP
provided >50% protection in the majority of children
indicating that the effect of 200 wg BDP is already on the
flat part of the dose-response curve.

The protective effect of a low single dose ICS against
EIB may be clinically profitable for mild asthmatic
children who do not require maintenance ICS therapy but
with EIB. Bronchoprotection of salbutamol against EIB
is, although stronger, short lived and subject to
tachyphylaxis.'?'

There is no agreement regarding the nature of the exact
stimulus that causes EIB. One assumes that exercise
induced hyperpnea dries the epithelium, leading to
hyperosmolarity of the airway surface fluid. This causes
the release of histamine and other inflammatory medi-
ators from mucosal mast cells, resulting in bronchial
obstruction.'*? The second hypothesis states that exer-
cise-induced hyperventilation results in airway cooling
and vasoconstriction. After exercise, when ventilation has
normalized, the airways rapidly re-warm leading to
vascular engorgement and mucosal edema resulting in
bronchial obstruction."** Since topical steroids have a
potent vasoconstrictive effect, the protective effect of a
single inhaled dose of BDP against EIB suggests that
bronchovascular engorgement and mucosal oedema do
play a substantial role in the pathophysiology of EIB. The
variability of the response to BDP observed in our study
suggests that the relative contribution of vascular
engorgement and mucosal edema to airway obstruction
may vary from person to person underlining the
heterogeneity of asthma in childhood. We were surprised
to find a trend towards more boys in the non-responder
group which may be due to smaller airways of prepuberal
boys compared to girls.**

The main strengths of our study include the homoge-
nous group of 31 asthmatic children not currently treated
with inhaled corticosteroids. All ECT’s were performed
in the same setting by the same investigator. Also, a short
time period between the two interventions was pursued
(<2 weeks) and all tests were carried out by the same
investigator in standardized air conditions. Medication
administration was supervised by the same investigator in
all children.

Limitations of our study are the absence of a placebo
group and the fact that the investigator was not blinded to
the use of BDP prior to the ECT. The FEV, 5, as a % of
predicted value, prior to the ECT, did not differ between
the two ECT’s. The reason for this design is explained by
the fact that this analysis was part of a more extensive
study that analysed the influence of body posture during
inhaling BDP prior to an ECT on EIB. In eight children we
found severe EIB (fall in FEVs,; >50%) which is not
compatible with mild asthma and does reflect marked
airway inflammation. These children were started on
maintenance ICS after the study. Severity of EIB as
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measured with fall in FEV, does not correlate well with
symptoms as measured with the ACT questionnaire.*

The acute response of a single dose ICS in asthmatic
children we observed may have implications for guide-
lines relating to medication restrictions before broncho-
provocative tests. Further dose response studies including
different time points after single dosing ICS in asthmatic
children with or without maintenance ICS could provide
data about the sustained effect of a single dose ICS.
Further studies could also investigate if asthmatic
children with EIB, without other symptoms of asthma,
could profit from the acute effect of a low single dose ICS
in the morning.

In conclusion, a low single dose of 200 g BDP inhaled
4 hr prior to an ECT offered acute protection against EIB
in the majority of asthmatic children not currently treated
with inhaled corticosteroids.
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