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ABSTRACT: In children with mild asthma, who show hardly any abnormalities in
pulmonary function, objective measurement of the effect of inhaled corticosteroids is
difficult.
The short term effect of fluticasone propionate (FP) in these children was evaluated,

using both subjective and objective parameters. A total of 68 children (5–10 yrs old)
were randomly assigned to either FP 250 mg or placebo twice daily as metered-dose
inhaler via spacer during 12 weeks. Symptom scores, use of rescue medication,
wheezing, parent global evaluation and pulmonary function tests including forced
expiratory volume in one second (FEV1), peak expiratory flow (PEF) and bronchial
responsiveness (provocation dose of methacholine causing a 20% fall in FEV1 (PD20))
were evaluated.
FP-treated versus placebo-treated children showed significant changes in percentage

symptom-free days, use of b2-mimetics, morning and evening PEF, FEV1 % pred and
wheezing. No significant improvements were found in parent global evaluation, absolute
values of FEV1 nor PD20.
These findings show that inhaled corticosteroids are effective in children with mild

asthma. This effect can be assessed by both objective and subjective parameters. Early
start of inhaled corticosteroids should be considered even when pulmonary function is
normal.
Eur Respir J 2002; 20: 1470–1475.

*Dept of Paediatric Pulmonology,
Wilhelmina Children9s Hospital, Uni-
versity Medical Centre, Utrecht, #Dept
of Paediatrics, Isala Klinieken, Zwolle,
}Dept of Paediatrics, Catharina Hospi-
tal, Eindhoven,

z
Dept of Epidemiology

and Biostatistics, Erasmus University
Rotterdam, Rotterdam, and

§
Glaxo

Wellcome, Zeist, the Netherlands.

Correspondence: H.G.M. Arets, Dept
of Paediatric Pulmonology, University
Medical Centre Utrecht, KG 01.319.0,
PO box 85090, 3508 AB Utrecht, The
Netherlands.
Fax: 31 302504747
E-mail: h.arets@wkz.azu.nl

Keywords: Children, inhaled corticoste-
roids, mild asthma, pulmonary function

Received: November 6 2001
Accepted after revision: June 9 2002

This study was sponsored by Glaxo
Wellcome, Zeist, the Netherlands.

Inhaled corticosteroids (ICS) are considered the
most effective anti-inflammatory drugs in the treat-
ment of asthma in both children and adults. They
reduce symptoms and number of hospitalisations,
improve pulmonary function and bronchial hyperre-
sponsiveness (BHR) [1–3] and are more effective than
b2-agonists alone [4]. International guidelines consider
ICS to be indicated in moderate-to-severe asthma but
more recent studies promote their use in less sympto-
matic and younger patients, as this approach might
prevent permanent impairment of pulmonary function
and irreversible structural airway remodelling [5–7].
However, until now international consensus reports
do not recommend the use of ICS in subjects who
have only mild and infrequent symptoms and who
have normal airway calibre most of the time [8].

In patients with severe and moderate asthma,
pulmonary function test (PFT) parameters can be
used as effect parameters to evaluate ICS treatment.
However, these parameters are often in the normal
range in patients with mild asthma. In children, these
normal ranges are wide, and PFT parameters could be
decreased in a relative sense and show improvement
after proper treatment. There is a lack of proper effect

parameters specifically in young children. Symptom
scores and the use of short-acting b2-agonists are
the most frequently used parameters, but these are
sensitive to placebo effects [4]. There have only been a
few studies concerning the short- [9, 10] or long-term
effects [11] of ICS in children with mild asthma.
Placebo controlled studies are especially rare [12–14].

The aim of this study was to evaluate the effect of
short-term treatment with ICS on both subjective and
objective disease parameters in 5–10-yr-old children
with mild asthma.

Patients and methods

Patients

Children, 5–10 yrs of age, with a doctor9s diagnosis
of asthma [15] were recruited. Patients were excluded
if they had used systemic corticosteroids in the last 2
months prior to the study, ICS w100 mg budesonide
(BUD) or beclomethasone dipropionate (BDP) daily
in the last 4 weeks, salbutamolw1,600 mg daily during
w30% of days of the last year prior to the study,
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if they had been hospitalised for asthma in the last
2 weeks or if they had other respiratory disorders,
systemic disease or anatomical abnormalities. Written
informed consent was obtained from parents of all
participating patients.

Power analysis was performed with percentage of
days without asthma symptoms, as calculated from
the diary cards, as the primary outcome variable. For
the power calculation the change from baseline of this
variable was used. The SD of this change was set at
30 per cent points. The clinically relevant difference
of change from baseline between the placebo group
and the fluticasone propionate (FP) group was set
at 20 per cent points. To detect this difference with
80% power, 35 patients per treatment group were
needed, given a test size of 5% (two sided).

Study design and methods

This was a multicentre, double-blind, placebo-
controlled, randomised, parallel-group study. Patients
were recruited from one paediatric pulmonology
outpatient clinic of a university hospital, one asthma
centre and seven general hospitals. The study was
approved by all local ethics committees.

Subjects were randomly assigned to use either
two dosages of FP 125 mg or two dosages of placebo
twice daily from a metered-dose inhaler via a plastic
spacer device (Volumatic1; Glaxo Wellcome, Zeist,
the Netherlands) during 12 weeks.

During the whole study, salbutamol 200 mg via
spacer was allowed as rescue medication. Exacerba-
tion of asthma, defined as an increase in asthma
symptoms not controlled with salbutamol up to
8 times 2 puffs daily, was treated at the discretion of
the investigator with prednisolone 1–2 mg?kg-1 daily
during 3 days.

At visit 1, at the beginning of a 2 week run-in
period, the study was explained, medical history, con-
current medication and demography were recorded,
together with the presence or absence of wheezing,
and PFTs were performed. Parents and children were
instructed to use the peak expiratory flow (PEF) meter
at home, to fill out the daily record card (DRC) and
to use rescue medication if necessary. After compre-
hensive instructions they were able to inhale medica-
tion properly via a spacer device and perform PEF
measurements. Only patients using BDP or BUD
¡100 mg daily, prior to the study, were instructed to
continue this medication throughout the study in
addition to the study medication.

At visit 2, after 14¡3 days, only patients with
symptoms on at least 50% of days during the run-in
period were randomised, excluding patients who used
rescue medication o8 puffs?day-1 on o4 days during
the run-in period. Further visits were scheduled 3,
11 and 12 weeks later (visits 3, 4 and 5, respectively).
At all visits, baseline PFTs were performed. At visit
2 and 4, bronchoprovocation tests were performed
after baseline PFTs. At every visit, adverse events,
concurrent medication, asthma exacerbations and
compliance with the study were checked.

Assessments

Throughout the study, the parents filled out a DRC
for presence of asthmatic symptoms, use of rescue
medication, both morning and evening PEF, adverse
events and concurrent medication.

PEF measurements were performed using the
Personal Best PEF meter (Healthscan, Cedar Grove,
NJ, USA). The highest value of a minimum of three
acceptable measurements was recorded.

Maximal expiratory flow volume measurements
were performed, which conformed with the European
Coal and Steel Community recommendations [16]
using a pneumotachometer system (Masterscreen
Pneumo; Erich Jaeger, Würzburg, Germany). The
best of three technically good measurements was
recorded. The following parameters were recorded:
forced expiratory volume in one second (FEV1)
and FEV1 as percentage of the predicted value
(FEV1 % pred) [17]. No bronchodilator was used for
v8 h before PFT.

Bronchial responsiveness was measured using
methacholine bromide provocation according to a
standardised protocol [18].

At all visits, wheezing, defined as the presence of a
prolonged audible expiratory phase during ausculta-
tion and/or use of accessory respiratory muscles,
was judged on physical examination by the same
paediatrician.

During the last visit the parents were asked to rate
the effect of study medication on symptoms on a scale
from 1 (strongly improved) to 4 (worsened).

Data analysis

The symptoms and use of rescue medication were
summarised daily as symptom-free (yes/no) and rescue
medication-free (yes/no). Within each patient, these
daily scores constituted a series of repeated 0/1 data
that were analysed using a generalised linear model
for repeated measurements with model fitting based
on Generalised Estimating Equations [19]. Because
of the binary (0/1) outcome scores, the binomial
distribution was assumed with the dependency of the
probability parameter on the explanatory variables
modelled through a logistic function. The day-to-
day correlation structure of the outcome scores was
assumed to be first order autoregressive ("AR(1)"). In
the logistic model, the treatment effect was repre-
sented by an odds ratio (OR) (95% confidence interval
(CI)) of active relative to placebo treatment. Adjust-
ment was made for the percentage of symptom-free
(or rescue medication-free) days during the baseline
period as continuous covariant and for time under
treatment defined by four consecutive periods of 3
weeks as a within patient factor. The point of dividing
the treatment period into four equal periods of 3
weeks was to find a general categorical treatment by
time interaction without having to assume a priori a
linear trend in this treatment by time interaction. The
interaction between treatment and time was tested.
If this interaction turned out to be significant, with
pv0.10, then the treatment effect was presented per
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period. Otherwise, one overall treatment effect
(assumed to be constant in time) was presented.

Morning and evening PEF values, measured at
home, were used to calculate 3-week averages per
patient for each of the four 3-week periods, for
morning and evening separately. These averages
constituted the four repeated measurements of the
outcome variable, which were analysed using mixed
model analysis of variance (ANOVA). The indepen-
dent variables in this analysis were treatment group
(a 2-level between-patient factor) and period (a
4-level within-patient factor); the average PEF per
patient over the baseline period was included in the
model as a continuous covariant. An AR(1) corre-
lation structure between the repeated measures was
assumed. The treatment by period interaction was
tested and dealt with as described for DRC data.

Repeated PFTs were performed at baseline and
three times during the 12-week treatment period. In
a mixed model ANOVA, the values of each PFT
parameter during treatment were compared between
the two treatment groups, adjusted for period (3
levels) and baseline measurement of the outcome
variable at hand. The treatment by period interaction
was also tested and dealt with as described for DRC
data. No structure was assumed for the (co)variance
matrix of the residuals.

The provocation dose of methacholine causing
a 20% decrease of FEV1 (PD20) was analysed as
doubling doses after ln2-transformation using non-
parametric tests, because values w8 were coded as 8.
The PD20 at visit 4 was compared between the two
treatment groups, using the Mann-Whitney U-test.
Within-group changes from baseline were tested using
the paired Wilcoxon test. PD20 was also analysed
after dichotomisation in hyperresponsive, yes (natural
logarithm of the PD20 (ln2PD20) v8) versus no. The
measurement at visit 4 was compared between the
two treatment groups using logistic regression analy-
sis, with the baseline score as covariant. The treatment

effect could then be expressed as an OR, adjusted for
baseline.

There were four repeated physical examinations
during the 12-week treatment period: visit 2–5. The
absence or presence of wheezing was analysed using
the same generalised linear model as described for
DRC parameters. The between-visit correlation struc-
ture of the responses was left unstructured. The treat-
ment effect was represented by an OR (95% CI) of
active versus placebo.

The parent global evaluation for both treatment
arms was compared using the Chi-squared trend test.

Results

A total of 88 patients entered the run-in period.
From them, 20 patients were withdrawn before
randomisation, due to insufficient asthmatic symp-
toms (n=14), too frequent use of rescue medication
(n=1), poor compliance (n=2), an asthma exacerbation
(n=1), adverse effect of salbutamol (n=1) and with-
drawal of parental informed consent on second
thoughts (n=1) during the run-in period. A total of
68 patients were randomised and completed the study.

Patient baseline characteristics are shown in table 1.
There were no significant differences in baseline charac-
teristics between withdrawn patients and included
patients or between patients in both treatment arms.
During the run-in period, mean symptom scores and
clinical scoring indices were low and mean pulmonary
function parameters were within normal ranges.

Prior to the study, six patients received maintenance
treatment with budesonide (four) or beclomethasone
¡100 mg daily (two). These ICS were continued by
one (3%) and five (15%) of FP- and placebo-treated
patients, respectively. There were no significant
differences between both treatment arms in number
of asthma exacerbations, adverse events, concurrent
medication and compliance with the study.

Table 1. –Patient demographics and baseline characteristics

Fluticasone propionate Placebo Drop outs

Subjects n 35 33 20
Sex F:M 16:19 10:23 5:15
Age yrs 6.86¡1.5 6.97¡1.48 6.55¡1.7
Height cm 127¡10.2 126¡10.4 124.1¡9.8
Weight kg 24.6¡4.4 27.4¡6.7 25.2¡5.2
Symptom-free days % 16.2¡20.7 10.6¡15.9
Rescue medication-free days % 49.4¡36.3 45.8¡38.3
FEV1 L 1.54¡0.37 1.53¡0.39
FEV1 % pred 104.1¡10.8 99.8¡17.0
Bronchodilator response FEV1 % pred 6.9¡6.2 10.9¡6.2
FVC % pred 99.0¡10.8 94.1¡18.7
PEF morning at home L?min-1 213.4¡63.9 210.6¡58.6
PEF evening at home L?min-1 219.1¡62.3 219.8¡58.0
PEF at laboratory L?min-1 231.7¡68.6 228.6¡70.5
ln2PD20

# 6.8¡1.9 5.8¡2.1

Data are presented as mean¡SD unless otherwise stated. Percentage of symptom-free and percentage of rescue-free days
were calculated from the 14¡3 days during the run-in period. All other baseline characteristics were determined at the
beginning of the run-in period. F: female; M: male; FEV1: forced expiratory volume in one second; FVC: forced vital capacity;
PEF: peak expiratory flow; ln2PD20: natural logarithm of the provocation dose of methacholine causing a 20% fall in FEV1.
#: measured at visit 2.
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Symptom score, use of rescue medication and home
peak expiratory flow assessments

The mean percentage symptom-free days increased
from 14% during the run-in period to 25–49% in the
placebo versus 42–66% in the FP-treated group over
the four consecutive periods (fig. 1). The estimated
OR for FP versus placebo was 1.93 (95% CI 1.05–3.54;
p=0.04). There was no suspicion that the OR changed
in time (p=0.89).

The mean percentage rescue medication-free days
increased from 48% to 57–67% in the placebo versus
83–86% in the FP-treated group over the four periods
(fig. 2). The estimated OR of FP versus placebo was
3.08 (95% CI 1.49–6.36; pv0.01) without suspicion of
changes of OR in time (p=0.76).

The mean difference in PEF between the FP- and
placebo-treated group varied significantly over the
periods (pv0.10) both for morning (p=0.01) and
evening (p=0.09) values. Mean PEF was higher in
the FP-treated than in the placebo-treated group

(fig. 3). For morning PEF the mean differences
between both groups was 16 L?min-1 (pv0.01), vary-
ing from 11 to 24 L?min-1, for evening PEF this was
19 L?min-1 (pv0.01), varying from 14 to 26 L?min-1.
For all periods these effects were significant.

Pulmonary function tests

Compared to placebo-treated children, absolute
values of FEV1 showed no significant change
(z0.06 L; p=0.08), but there was a small but significant
increase in FEV1 % pred in the FP-treated children
(z4.6%; p=0.04) (fig. 4).

After 11 weeks of treatment ln2PD20 was signifi-
cantly higher in the FP-treated group compared to
placebo (7.14 versus 5.96; p=0.04) but there was
no significant difference between the two groups in
change of ln2PD20 from baseline to week 11 (p=0.11).
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Wheezing score

At the end of treatment, 32 out of 35 FP-treated
(91%) and 26 out of 33 (79%) placebo-treated patients
showed normal wheezing scores. This difference was
not statistically significant (p=0.11), but significant
improvement in wheezing score was seen in the FP
versus placebo group at visit 2 and 4 (p=0.003 and
p=0.008, respectively), but not at other visits. The OR
for FP versus placebo for wheezing was 0.38 (95% CI
0.15–0.96; p=0.04) for the whole study period.

Parent global evaluation

A total of 71% of parents of FP-treated versus 52%
of placebo-treated children reported an improvement
in symptoms. Increasing symptoms were experienced
by 15% of parents of placebo versus 0% of FP-treated
children. This difference was not significant (p=0.062).

Discussion

In this study the effects of ICS in 5–10-yr-old
children with mild asthma was compared to placebo,
using both subjective and objective parameters.
Treatment with FP significantly improved percentage
symptom-free days, percentage rescue medication-free
days, both morning and evening PEF values, FEV1 %
pred and wheezing score. No significant improve-
ments were found for parent global evaluation, abso-
lute values of FEV1 and PD20.

In mildly symptomatic adult patients there is
evidence of airway inflammation, improving after
treatment with ICS [20]. In adults, improvement
of night-time symptoms, rescue-medication use and
morning PEF have also been recorded [21].

Until now only a few studies have evaluated the
effect of ICS in children with mild asthma [9–13].
Most of these studies were performed in older children
and using different effect parameters. Partially contra-
dictory results were found. Effects were found on
symptom scores. Some found improvements in PEF
values [9, 10], others found no improvement or
improvements in evening and not morning PEF [12,
13]. HOEKX et al. [10] found a significant improvement
in PEF values in older children after 8 weeks of
treatment with both FP 400 mg and BUD 400 mg,
despite the fact that at the beginning of the study
the lung function was near normal. However, this
study was not placebo controlled and patients were
not steroid naive. An improvement in bronchial
responsiveness in children with mild asthma has
been described previously [12, 13]. In contrast to the
present study, a significant effect on FEV1 was not
always found [9, 10, 12, 13].

The present study provides further evidence for a
positive effect of ICS in children with mild asthma.
The conjecture that asthma in the patients studied was
mild is supported by the fact that at an age of o5 yrs
most of the patients were not treated with anti-
inflammatory agents, on average had mild symptoms,
pulmonary function and bronchial responsiveness

were normal and salbutamol use was low. Never-
theless improvements in both subjective and objective
effect parameters were found. Changes in symptom
scores and use of rescue medication were most
prominent, but significant changes were also found
in PFT results. No significant changes in BHR were
recorded.

The use of symptom scores and use of rescue
medication is easy and can be used even in young
children who cannot perform lung function tests. The
participating patients were selected on the basis of
symptoms and the use of b2-agonists, so that bias
because of regression to the mean may have caused
part of the improvements in both the treatment and
placebo groups.

Although baseline FEV1 % pred values were high
(o100% pred) and reversibility was poor in contrast
to other studies [12, 13], a small though significant
improvement in FEV1 % pred was recorded after only
12 weeks of treatment. The only comparable study
was performed by JONASSON et al. [12]. In a later study,
they also found a significant dose-response effect
on FEV1 in a 24-month follow-up study with ICS in
122 mildly asthmatic children [14]. Recently, in a large
placebo-controlled, long-term study, the Childhood
Asthma Management Programme Research Group
found significant improvements in prebronchodilator
FEV1 % pred and FEV1/forced vital capacity (%)
in mild-to-moderately symptomatic 5–12-yr-old child-
ren after 4–6 yrs treatment with BUD. However, the
improvement of FEV1 % pred was attributed to a
smaller stature in the BUD-treated group. Airway
responsiveness and symptom control also improved
[11].

The present study shows that in children with mild
asthma, pulmonary function can improve after only
short-term treatment. Improvements are only small
but they are significant, especially when normal
baseline parameters are considered. Normal lung
function in children with symptoms of asthma does
not rule out airway obstruction improving after
proper treatment.

As in earlier reports, this study demonstrates that
after the start of ICS treatment the improvement in
PEF and symptoms often precede the improvement
of other lung function parameters [4]. In the present
relatively short treatment study, it could be expected
that these parameters would change most promi-
nently. The improvement in PFT parameters gra-
dually increased throughout the study (figs 3 and 4).
Earlier studies in children with normal lung function
may have been too short or the ICS dose too low to
observe these effects.

In the present study no changes in BHR were found
in either treatment arms. The finding of BHR in this
study population suggests that airway inflammation
is present even in mild asthma. Although this finding
supports treatment with ICS, no significant benefit of
treatment on BHR could be established in the present
study. As mentioned previously, this may be due to
the relatively short treatment period and is in agree-
ment with the existing concept that improvement of
BHR is a relatively late response after institution of
ICS and that improvement can continue over many
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years. VAN ESSEN ZANDVLIET et al. [4] showed that
reduction in BHR increases gradually and only stabi-
lises after 20 months of treatment with ICS. The value
of long-term treatment and the possible preventive
effects on remodelling still need to be established.

Normally, lower doses of ICS are used for treat-
ment of children with moderate (or mild) asthma.
However larger doses are sometimes used by paedia-
tricians and paediatric pulmonologists, especially in
a step-down therapy. With the present dose, serious
adverse reactions in this relatively short study were
not expected, while optimal treatment effects could be
expected, compared to placebo.

In conclusion, in 5–10-yr-old children with mild
asthma, treatment with fluticasone propionate results
in improvement in symptoms, salbutamol use, peak
expiratory flow and forced expiratory volume in
one second % predicted. These findings suggest that
normal lung function does not rule out airway
obstruction, and even in young patients with mild
asthma early start of inhaled corticosteroid main-
tenance might be considered. In view of these results
and the emerging knowledge of long-term airway
remodelling in patients with chronic asthma, treat-
ment of mildly asthmatic patients with inhaled
corticosteroids is recommended.
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