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Preschool children with intermittent wheeze are often prescribed
inhaled corticosteroids, although there is no proven benefit. Mea-
surement of airway resistance by the interrupter technique can be
used to objectively assess response to treatment. If lung function
improves, treatment may be justified. Children with intermittent
wheeze aged 2 to = 5 years of age completed a 6-week randomized
controlled crossover trial of fluticasone propionate (100 pg, twice
daily), followed by a 10-week parallel extension. The relationships
between changes in resistance, serum immunoglobulin E and sensi-
tization measured by skin prick testing were investigated. Sixty-
one children completed the crossover trial and 44 (72%) completed
the extension. After 6 weeks, geometric mean change in resistance
was —16.0% (95% confidence interval, —7.0 to —25.0%, p = 0.003)
in sensitized children and —3.5% (95% confidence interval, +0.7
to —7.6%, p = 0.1) in nonsensitized children. Changes in resistance
were unrelated to immunoglobulin E. Sixteen weeks after stopping
fluticasone, resistance returned to baseline. This is the first study
of preschool children with intermittent wheeze that has related
changes in lung function on treatment to aeroallergen sensitization.
Lung function improved in sensitized children and deteriorated
after stopping treatment. Treatment with inhaled steroids may be
justified in sensitized children.
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The prevalence of preschool asthma has increased (1, 2).
Childhood asthma guidelines recommend prescribing inhaled
corticosteroids (ICS) for children with daily asthmatic symp-
toms (3), but their benefit in preschool children with episodic
wheeze without interval symptoms is controversial (4, 5).
Approximately 65% of preschool wheeze is episodic and only
one-third of wheezy preschool children will have persistent
wheeze in later childhood (6). In 1999, almost 60% of UK
asthmatic preschool boys were prescribed ICS by their family
doctor (7). However, a Cochrane review found no evidence
to support maintenance ICS in episodic mild virally induced
wheeze of childhood (8).

Different mechanisms for wheeze in early childhood have
been proposed (9, 10). Nonatopic children who wheeze have
been shown to have impaired premorbid lung function, sug-
gesting they have smaller than normal airways, predisposing
them to wheeze. Atopic children with early-onset asthma
have normal premorbid lung function, suggesting normal air-
way caliber. Persistent inflammation may lead to airway nar-
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rowing with persistence of symptoms. It is proposed that
early treatment with ICS may prevent permanent loss of
pulmonary function (11) and prevent persistence of bronchial
hyperresponsiveness (BHR) and chronic asthma (12). These
are compelling reasons to prescribe ICS.

Previous intervention studies of preschool children with
intermittent wheeze have used subjective outcome measures,
such as change in reported symptoms and use of bronchodila-
tor drugs. A clinical trial powerful enough to detect a change
in symptoms in children with episodic wheeze would be too
long to be realistic, especially as adherence is poor (13).
Moreover, parental reports of children’s respiratory symp-
toms may be inaccurate (14). Measurements of airway resis-
tance (R;,) and bronchodilator responsiveness (BDR), using
the interrupter technique, are suitable for lung function test-
ing in young children (15). Airway resistance is inversely
proportional to airway caliber and therefore children with
narrow airways would be expected to have high airway resis-
tance. Using Ry, it should be possible to demonstrate
whether lung function improves in children taking ICS. If this
is so, prescription of ICS to these children may be justified.

Older subjects with wheeze are more likely to be sensitized
to aeroallergens, and ICS are known to reduce allergic airway
inflammation. Infants with both persistent and intermittent
wheeze whose parents report a personal history consistent
with atopy have benefited symptomatically from treatment
with ICS (16). Will change in lung function in preschool
children with recurrent intermittent wheeze treated with ICS
be related to atopic status?

Published data show improvement in lung function and
symptoms after 4 weeks of ICS (17-19) and a return to
pretreatment values 4 weeks after stopping ICS (20). These
observations suggest that a 6-week crossover study would
be likely to provide meaningful results, providing adequate
wash-in and washout periods.

PURPOSE OF STUDY

1. To compare changes in R;,, BDR, and symptom scores
in preschool children with recurrent intermittent wheeze
treated with ICS and placebo.

2. To relate changes in lung function at 6 weeks to atopic
status.

3. To measure changes at 16 weeks of ICS compared with 6
weeks of ICS. This extension was included to investigate
whether a longer period of treatment would be effective.

4. To measure changes on placebo 16 weeks after stopping
ICS.

METHODS

This was a single-center, randomized, double-blind, 6-week crossover
trial of fluticasone propionate (FP), 100 wg twice daily, compared with
placebo with a 10-week parallel extension. Primary outcomes were
changes in R;,, and BDR. Lung function changes were related to serum
total immunoglobulin E (IgE) and skin prick test (SPT) positivity. A
secondary outcome was change in symptom scores.
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Figure 1. Study protocol.

R was measured as previously described (21) before (baseline)
and 20 minutes after administration of 400 pg of salbutamol. BDR was
defined as the ratio of baseline to postsalbutamol R;,.. Drug and placebo
were administered via unmarked metered-dose inhaler and spacer (Vo-
lumatic; Allen and Hanburys, Uxbridge, UK).

After recruitment there was a 2-week run-in period to ensure that
parents understood how to fill in the symptom diary. Subjects were
retested 2 weeks later and randomized, using random number genera-
tion, to receive ICS or placebo. Crossover was at 6 weeks. R;,, BDR,
and height were measured at each visit. IgE was measured and SPT
was performed at the end of crossover. Willing families also completed
a 10-week parallel extension of the second crossover arm to ensure
that any longer term benefit was not missed. These children ended the
study having had either 16 weeks of ICS or 16 weeks of placebo
(Figure 1). If a child had signs of a respiratory infection testing was
deferred for 1 week.

As “wheeze” is poorly understood by our population (14), a pictorial
symptom diary was designed and successfully piloted for use throughout
the study (see Figure E1 in the online data supplement). Parents scored
1 each for daytime and nighttime cough, and daytime and nighttime
difficulty in breathing (wheezing) and relief by salbutamol scored 1 for
one to four puffs for persistent cough and 2 for more than four puffs
for wheeze/difficulty in breathing (maximum daily score, 6). Scores
were calculated for 2 weeks before visits to allow time for therapeutic
effect and washout. The washout period was therefore 4 weeks.

SPT was to house dust mite, cat and dog dander, grass, and Aspergillus,
with positive (histamine) and negative (saline) controls (ALK-Abell6,
Hgrsholm, Denmark). Using a standard lancet prick, wheals 2 mm or
more than the negative control in children 4 years of age or younger, or
3 mm or more for the others, were considered positive (22).

Consecutive referrals of children aged 2 to 5 years of age or less
with recurrent (2 or more episodes in the last 6 months), intermittent
(with no interval symptoms), and previously doctor-observed wheeze
were recruited between January 1999 and February 2000. Baseline
demographic data were recorded. Eligible children had no wheeze or
corticosteroids for 4 weeks before recruitment. Those unable to com-
plete the tests or with a coefficient of variation of greater than 20%
for a R;,, measurement or with other respiratory or otolaryngeal pathol-
ogy were excluded. Written informed consent was obtained and local
ethics board approval was granted.

Subjects needed were estimated on the basis of earlier data (15).
To detect a decrease in R;, of 15% with 85% power and p = 0.02
would require 60 wheezy children to complete the crossover. Interim
analysis would be at 1 year. If a clear result was obtained, one way or
the other, the trial would be stopped. If the result was unclear the trial
would continue.

To encourage adherence (13), families were contacted regularly.
Adherence was assessed by direct questioning and by weighing inhalers
before and after the study. Adherence was considered acceptable if the
inhalers weights dropped by 70% or more of the expected amount.

Data were analyzed on an intention-to-treat basis. R;,, and BDR
data were transformed (logy,) for analysis and results were expressed
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Figure 2. Flow chart of progress through the study. CV = Coefficient
of variation of Ry, measurement; ICS = inhaled corticosteroids.

after back-transformation. Changes in lung function were expressed as
ratios of pretreatment to posttreatment R;,, and BDR, transformed for
analyses, and compared by paired and unpaired ¢ testing. The relation-
ships between change in R, log IgE, SPT positivity and treatment
given were examined by multiple regression. Spearman rank correlation
and X’ testing were used as appropriate.

RESULTS

Subjects

At 1 year, the time of the planned interim analysis, 94 children
had been invited to participate and 61 (65%) had been success-
fully recruited (Figure 2). The interim analysis suggested a clear
response in the 46 children who had completed the crossover,
and so recruitment was stopped. Children continued until they
had completed the study. Forty-four children completed the 10-
week extension, 18 taking placebo and 26 taking ICS. Children
who did not complete did not differ significantly from those who
completed (Table 1). A family history of asthma was present in
25 children, and 18 had a history of eczema. Nine children had
previously wheezed without respiratory infection but not within
6 months of recruitment.

TABLE 1. DEMOGRAPHIC DATA OF SUBJECTS

Completed  Declined/Dropped Out
(n=61) (n=33) p Value

Median age, yr 3.5 3.2 0.11
Male, % 67.2 54.5 0.24
Median gestation, wk 40 40 0.67
Median birth weight, kg 3.22 3.22 0.5

Smoking in pregnancy, % 14.8 30.3 0.11
Damp, % 27.9 36.4 0.41
Smoking at home, % 62.3 75.8 0.17
Pets, % 18 12.1 0.35
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TABLE 2. EFFECT OF SENSITIZATION ON PERCENT CHANGE FROM BASELINE IN AIRWAY
RESISTANCE AND BRONCHODILATOR RESPONSIVENESS OF INHALED CORTICOSTEROIDS*

SPT Positive SPT Negative p Value
Percent change in R;,, % (95% Cl) —16.0" (—25.0 to —7.0) —3.5(-7.6 to +0.7) 0.01
Percent change in BDR, % (95% Cl) —10.6" (—20.7 to —0.4) —1.6 (=7.0 to +3.7) 0.1

Definition of abbreviations: BDR = bronchodilator responsiveness; Cl = confidence interval; R, = airway resistance; SPT = skin

prick test.

* Positive change denotes deterioration and negative change denotes improvement.

T Significant to p < 0.05.

Atopic Status

Serum total IgE. Median serum total IgE (n = 60) was 141.5
kU/L (range, <2 to 2,324 kU/L). Measurements among those
who started ICS were similar to those of children who started
on placebo, p = 0.50.

Skin prick tests. Of 60 children who had SPT, 14 were positive
to at least 1 allergen.

Lung Function

At recruitment. Geometric mean baseline R;,, was 1.19kPa - L' -
second (estimated quartiles, 0.99 to 1.43 kPa - L™! - second);
geometric mean BDR was 1.28 (estimated quartiles, 1.12 to 1.46).

Using normative data obtained in our laboratory for the local
population (23), baseline R;,, was equivalent to a mean Z score
of +0.99 (quartiles, +0.25 to +1.72) for age. The baseline mea-
surements of those children randomized to ICS initially did not
differ from those randomized to placebo (geometric mean base-
line R;, for ICS = +0.80 Z score [quartiles, +0.14 to +1.46];
for placebo = +1.16 Z score [quartiles, +0.37 to +1.95]; p =
0.20).

Adherence. For the 6-week crossover period, adherence was
80% for placebo and 73% for FP (p = 0.29). During the 10-
week extension, adherence was 83% for placebo and 84% for
FP (p = 0.79). Analysis excluding data from five children who
returned more than 90% inhaler by weight did not significantly
alter the results.

After the 6-week crossover (n = 61). Compared with placebo,
geometric mean R;, changed by —7.6% after 6 weeks of treat-
ment with ICS (95% confidence interval [CI] of —3.4 to —11.5%,
p < 0.001) and geometric mean BDR changed by —5.6% (95%
CI, —0.6 to —10.4%, p = 0.03).

Symptom scores on ICS during the crossover were unchanged
(median total scores in 2 weeks: on placebo = 3.5, with an
interquartile range [IQR] of 0 to 15; on FP = 3.0 [IQR, 0 to
16]). Improvements in R;, on ICS were not related to initial
symptoms (correlation coefficient r = 0.0003). There were no
significant period or crossover effects for either symptoms or
lung function (p = 0.47 and 0.11 for lung function).

Relationship of response to atopic status. Multiple regression
analysis showed that changes in R;,, were unrelated to log IgE
(p = 0.70) but were strongly related to SPT positivity (p =
0.007).

Baseline R;,, Z scores did not differ between SPT-positive
and SPT-negative children before ICS (mean Z score for SPT-
positive children = +0.41 [IQR, —0.29 to +1.11] and mean Z
score for SPT-negative children = +0.6 [IQR, +0.03 to +1.17],
p = 0.7) or placebo (mean Z score for SPT-positive children =
+0.52[IQR, —0.18 to +1.22] and mean Z score for SPT-negative
children = +0.96 [IQR, +0.32 to +1.6], p = 0.31).

BDR did not differ between SPT-positive and SPT-negative
children before ICS (mean for SPT-positive children = 1.35
[IQR, 0.95 to 1.76] and mean for SPT-negative children = 1.27
[IQR, 0.86 to 1.68], p = 0.4) or placebo (mean for SPT-positive
children = 1.20 [IQR, 0.81 to 1.62] and mean for SPT-negative
children = 1.22 [IQR, 0.78 to 1.61], p = 0.8).

SPT-positive children demonstrated a geometric mean change
in R;;; on ICS compared with placebo of —16.0% (95% CI, —7.0
to —25.0%; p = 0.003) compared with —3.5% (95% CI, —7.6
to +0.7%; p = 0.1) for SPT-negative children (p = 0.01) (Table 2
and Figure 3).

SPT-positive children taking ICS compared with placebo
demonstrated a geometric mean change in BDR of —10.6%
(95% CI, —20.7 to —0.4%, p = 0.04) compared with —1.6%
(95% CI, —=7.0 to +3.7%, p = 0.5) for SPT-negative children
(p = 0.1) (Table 2).

After the 10-week extension (n = 44). Because of the increased
frequency of wheeze, one child taking placebo was withdrawn
from the extension.

There was no additional improvement in R, at 16 weeks
compared with 6 weeks of ICS: mean change, —1.7% (95% CI,
—11.0 to +9.4%; p = 0.75). BDR was also unchanged (mean
percent change, +5.8%; 95% CI, —0.8 to +12.4%; p = 0.25)
(Table 3).

Sixteen weeks after stopping treatment, R;,, on placebo (i.e.,
after stopping ICS) increased by +53% (95% CI, —2.7 to
+14.1%; mean expected change with age, —7.6%; p = 0.004)
(Table 3). Only four SPT-positive children completed the exten-
sion on placebo. For these children, there was a significantly
greater (p < 0.02) mean change in R;, of +25.0% (95% CI,
—8.1 to +70.0%) compared with SPT-negative children (n =
14; mean change in Ry, +1.1%; 95% CI, —5.8 to +8.5%).

At the end of the extension there was no difference in the
2-week symptom score between ICS and placebo (median score
on ICS, 0.55 [IQR, 0.1 to 10]; on placebo, 2 [IQR, 0.1 to 32];
p = 0.33).
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TABLE 3. OVERALL PERCENT CHANGE IN R;; AND BRONCHODILATOR RESPONSIVENESS
ON ADMINISTRATION OF INHALED CORTICOSTEROID COMPARED WITH PLACEBO*

Percent Change in Ry, % (95% CI)

Percent Change in BDR, % (95% CI)

Overall benefit of ICS over placebo, 6 wk

From randomization to placebo

From 6 to 16 wk ICS

On stopping ICS for 16 wk (compared with mean
expected change = —7.6% with age)

~7.6' (3.4 to —11.5)
+2.7 (-3.3 to +8.9)
1.7 (~11.0 to +9.4)

+5.3t (2.7 to +14.1)

—5.6% (—0.6 to —10.4)
+2.2 (4.2 to +9.0)
+5.8 (0.8 to +12.4)

+7.7 (0.0 to +16.9)

Definition of abbreviations: BDR = bronchodilator responsiveness; Cl = confidence interval; ICS = inhaled corticosteroid; R;,, =

airway resistance.

* Positive change denotes deterioration and negative change denotes improvement.

T Significant to p < 0.001.
* Significant to p < 0.05.

DISCUSSION

Our study demonstrates that on the recommended dose of ICS,
mean R;, improves by 16% and BDR is reduced in preschool
children with recurrent intermittent wheeze who are sensitized
to common aeroallergens. SPT-negative children as a group did
not benefit, and serum total IgE was unrelated to changes in
lung function. Thus, if a patient is aeroallergen positive they
have a better chance of improving with treatment than if they
have no treatment. Some subjects in the treatment group will
not benefit and some subjects in the nontreatment group may
improve. Between-occasion repeatability of R, in children is
poor (24) and change of this magnitude will not be picked up
in the individual. However, this group study has shown that if
a sensitized patient belongs to the treatment group they will
stand a better chance of benefiting. Total IgE reflects atopic
tendency and is not a sensitive indicator of sensitization to aeroal-
lergens. Our results are consistent with the well-described effect
of corticosteroids on airways with allergic inflammation. The
proportion of SPT-positive children in our cohort was not dissim-
ilar to that demonstrated in a group that included children with
persistent wheeze who would be expected to be more atopic
(25). SPT was undertaken at the end of crossover so that re-
searchers were blinded as far as possible to atopic status. In this
study, we have shown no change in symptoms, probably reflecting
low initial symptom scores with little room for improvement.
To assess the effect of ICS on the frequency of exacerbations
in children with intermittent symptoms only would require a
much longer study. Lung function deteriorated on stopping treat-
ment as others have shown in older subjects (11).

Our results are in keeping with a study (26) showing that a
positive family history of asthma and frequent symptoms in
preschool children with recurrent wheeze are predictive of a
beneficial response to ICS, although these subjects did not have
skin prick tests performed.

Although the 6-week crossover design may not be considered
long enough to show a change in lung function on ICS, the
length of treatment was selected to optimize adherence and
there was no additional benefit at 16 weeks compared with 6
weeks of treatment.

After stopping treatment, R, increased significantly in the
SPT-positive subjects. In adults with mild asthma, ICS may pre-
vent deterioration in lung function (11). Agertoft and Pedersen
demonstrated a decline in FEV, in children with mild/moderate
asthma and not taking ICS. In their study, children who started
ICS soon after diagnosis had better lung function, which persisted
after 3 years of treatment (12). It would be interesting to know
how many of these children were sensitized to aeroallergens.

It is known that children with persistent wheeze improve
symptomatically when treated with ICS and that lung function

also improves (4, 12, 27, 28). Improvement in FEV, on FP is
reported to be 10% to 27% (29). Our improvement was 16%
in SPT-positive subjects taking the recommended dose of FP.
Nielsen and Bisgaard have demonstrated that in preschool chil-
dren with persistent moderate/severe asthma, baseline lung func-
tion is abnormal, improving with inhaled high-dose budesonide
(800 pg daily; a dosage above that recommended), and deterio-
rating off treatment (28). The authors did not relate their findings
to aeroallergen sensitization. In studies of older children with
mild disease, changes are less impressive. In schoolchildren with
mild asthma treated with budesonide (200 pg twice daily), Waal-
kens and coworkers demonstrated no change in FEV|, although
improvements were seen in other variables (30). In another study,
a small improvement in FEV, of 5.2% was demonstrated (31).

When considering treatment with ICS for preschool children,
their classification as sensitized or nonsensitized to aeroallergens
would be helpful. Skin prick testing is relatively noninvasive,
acceptable to most children and parents, and results (available
within minutes) can be used to target treatment more precisely.

In summary, this is the first study that has shown that ICS
in recommended doses improves lung function in aeroallergen-
sensitized preschool children with recurrent intermittent wheeze.
We suggest that skin prick testing be undertaken in this group
of children if treatment with ICS is considered.
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