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Early introduction of inhaled steroids in wheezing children
presenting in primary care. A pilot study
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Abstract

Background Recurrent wheezing illness in childhood is a frequent reason for consultation
in both primary and secondary care and whilst there is widespread support for the earlier
introduction of inhaled corticosteroids (ICS) concerns remain about potential adverse
systemic effects.

Objective  We sought to identify the feasibility and size of study required to assess the
benefits, adverse effects and cost-effectiveness of early introduction of ICS.

Methods We entered 86 children (mean age 4.5years) with at least two consecutive
wheezing episodes into a pragmatic randomized controlled trial. All children were already
being prescribed (3,-agonist and those allocated to ICS were prescribed twice daily
beclomethasone dipropionate 200 ug or budesonide 200 pg. At entry and 3 and 6 months
age appropriate lung function (FEV, Tp.sT,), respiratory symptoms, quality of life of
children and carers, growth and sexual maturation, bone mass and bone turnover, and health
care costs were assessed.

Results  Drop out rate was 8% (7 of 86). No significant differences were found in FEV, or
Tpeer: Te at 6 months. Respiratory symptoms and health-related quality of life of children and
carers improved equally in both groups. No significant differences were found in growth
rates or in bone mass. In the ICS group markers of bone turnover (Pyd:Cr) fell (271 vs
237 nmol/mmol) in contrast to a rise in those on (3, alone (255 vs 319 nmol/mmol) P <0.05.
Combined health care costs were higher in the ICS group.

Conclusions The low drop out rate provided evidence that the protocol was practical and
acceptable. In order to confirm these results, and using the same study design, power
estimates indicated that 260 children would need to be randomized.

Keywords: asthma, children, randomized control trial, inhaled cortocosteroids, growth,
bone, economics, quality of life.
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Introduction

Recurrent wheezing illness in childhood is a frequent reason
for consultation in both primary and secondary care and
whilst there is widespread support for the earlier introduc-
tion of inhaled corticosteroids (ICS) [1-3] concerns remain
amongst parents and health care professionals about poten-
tial adverse systemic effects, particularly in growing chil-
dren [4-6]. The benefits of their early introduction [7] and
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increasing dose [8] have been questioned. As the majority of
young children who present with wheezing remit sponta-
neously, the question remains who should be given ICS and
at what stage of their illness [6]?

Explanatory trials generally measure the benefits a treat-
ment produces under ideal conditions and have been used to
establish the efficacy of the treatment. However, such trials
rarely model real life, particularly in primary care where
most patients are treated. What the primary care clinician
requires are randomised studies within his/her environment
in order to support rational choice. Randomized pragmatic
trials were originally designed for settings in which placebo
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control is difficult or impossible to achieve. In contrast to
explanatory trials, pragmatic trials aim to help clinicians
decide between a new treatment and the best currently
available. Pragmatic trials use a range of outcomes that
reflect not only the clinical benefits but also the impact on
the patient, cost effectiveness and possible adverse effects.

We conducted a pilot study using a randomized pragmatic
controlled design in order to inform the planning and design
of a definitive trial. The objectives of our pilot study were to
establish likely recruitment rates, an appropriate protocol
and to assess the short-term (6 months) outcomes of ICS
treatment in order to refine sample size calculations for a
definitive study.

Subjects and methods

Recruitment

Twelve primary care practices in North-East Scotland
(Aberdeen City and Aberdeenshire) were approached and
three urban and three mixed urban/rural practices agreed to
participate. After Local Research Ethics Committee
approval and agreement from participating primary care
practitioners, potentially eligible children were identified
from practice records. All were between 6 months and 16-
years-old; had histories suggestive of asthma (at least two
episodes of wheezing), which had commenced no longer
than 12 months before, had not previously been prescribed
prophylactic ICS and had no other known lung disease or
concomitant illness. Episodes of wheezing were determined
by physician’s documented evidence (in the child’s practice
record), which were supported by evidence of treatment
with (3,-agonists.

Assessment

Children under the age of 6 years were assessed at the study
centre (Royal Aberdeen Children’s Hospital), while older
children were assessed in their own primary care practices.
At trial entry all children were already being treated with 3,-
agonist, in accordance with step 1 of the British Asthma
Management Guidelines [1] and this continued irrespective
of the trial allocation. Once written informed parental
consent, and child’s assent, had been obtained, children
were randomly allocated, using a computerized stratifica-
tion program, to either adding ICS (the experimental group)
or continuing [3,-agonists only (the control group). A
process of minimization was used to ensure balance on:
age, sex and primary care practice.

The aim of the pilot was to test a policy of early
introduction of ICS as it would be used in practice. There
was no placebo, although the primary care physician could
subsequently prescribe ICS in the control group if a clear

indication developed, in keeping with national guidelines
[1]. The brand of ICS and choice of delivery device were
left to the discretion of the primary care practitioner and
practice asthma nurse. The doses recommended were within
the ranges recommended in the appropriate data sheets and
the British National Formulary, and were 200 ug beclo-
methasone, budesonide, or 100 ug fluticasone, all twice
daily. Compliance to ICS treatment was assessed as the
number of prescriptions recorded in the children’s primary
care practice records related to the number of prescriptions
required to complete 6 months of treatment. Compliance to
B2-agonists was not assessed as this was used on an as
required basis only.

Children were assessed at entry and at 3 and 6 months.
Once this was completed the primary care practitioner was
advised to follow the British Asthma Management Guide-
lines [1].

Outcomes

Lung function

Forced expired volume in 1s (FEV;) was recorded using a
2120 hand-held storage spirometer (Vitalograph Litd,
Maid’s Moreton House, Buckingham, UK) according to
standard criteria. For those children too young to perform
spirometry we assessed time to peak flow as a proportion of
the total expiratory time (Tps:Te) with respiratory induc-
tance plethysmography [9]. Although the validity of this
measure has been questioned it has been found to discrimi-
nate between normal and symptomatic populations and to
demonstrate bronchodilator responsiveness [10].

Respiratory symptoms and health related quality of life

Subjective outcome variables for asthma treatment were
assessed using a 31-day asthma diary, together with a
standardized asthma questionnaire [11], Paediatric Asthma
Caregiver’s Quality of Life [12] and age-specific child
administered quality of life questionnaires [13].

Growth and sexual maturation

Anthropometry was conducted according to standard proce-
dures [14]. Body mass was measured to the nearest 100 g and
sexual maturity visually assessed using the indices described
by Tanner [14]. Girls were also asked whether menarche had
occurred. Knemometry, a measure of knee to heel length, was
assessed in children up to the age of 6 years using a modified
hand-held trigger-activated portable device [15].

Bone mass and bone metabolism

Quantitative Ultrasound (QUS) examination of the left
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os calcis was performed using a Contact Ultrasound Bone
Analyser (CUBA) (McCue Ultrasonics Plc, Winchester,
UK). Two indirect radiation free measures of bone mass
were used: Broadband Ultrasound Attenuation (BUA) and
Velocity of Sound (VOS) [16]. Evening spot urine samples
were collected for collagen crosslink analysis. Pyridinoline
(Pyd) and deoxypyridinoline (Dpd) are crosslinks in type I
collagen which provide an estimate of bone resorption
[17]. All urine samples were frozen and stored at —20 °C
until analysis. Pyridinoline and deoxypyridinoline were
assayed by a fully automated technique using ion-pair
reversed-phase high-pressure liquid chromatography on
urine hydrolysates. Values were corrected for urinary
creatinine concentration.

Economic issues

The costs of prescriptions were calculated using cost infor-
mation from the 1997 British National Formulary and
consultation costs approximated using the 1997 national
estimates of £9 for a surgery visit, £27 for a home consul-
tation, and £6 for a practice nurse consultation. Three
measures of effectiveness were considered in the economic
evaluation: symptom-free days; lung function measures;
and health-related absenteeism from school.

Statistical analysis

All analyses used the intention to treat principle. Compar-
isons of continuous outcomes between treatment groups
were performed using independent samples #-test or
the Mann—Whitney test as appropriate. Comparisons of
categorical data were performed using chi-squared #-tests.
Comparisons between repeated measures were performed
using paired samples z-test and Wilcoxon two-related-
samples Z-test. Secondary analysis included analysis of
covariance (ANcova) and logistic regression. Statistical sig-
nificance was defined at the nominal 5% level.

Results

From the six primary care practices 15036 children’s
records were reviewed, representing 18% of the total child-
hood population in Aberdeen City and Aberdeenshire (0—
16 years of age). A total of 1617 (10.8%) had histories of
recurrent cough/wheeze/asthma and were being prescribed
B>-agonists as required. Of these 1617 children 1022
(63.2%) were already being prescribed an ICS. Of the
remaining 595 symptomatic children 141 met the criterion
of early asthma (<12 months duration). Of this eligible
population 86 (57%) were recruited with 44 allocated to
early ICS and 42 to continuation of 3,-agonists alone, most
(65, 76%) were under 6 years of age (Table 1). Fifty-five
declined and 19 of these did so because of concerns about
perceived side-effects of ICS.

The trial groups were similar at entry (Table 1), other than
more in the experimental group came from households with
a smoker. The preparations prescribed in the ICS group
were beclomethasone (n=27) and budesonide (n=17);
fluticasone was not prescribed. In the majority of cases
(n=130, 68%) the drug was delivered by spacer and metered
dose inhaler; six (14%) used a dry powder inhaler; six (14%)
a breath activated inhaler; and two (4%) a metered dose
inhaler. Compliance was assessed in 40 of the 44 (91%)
children randomized to ICS therapy. We were unable to assess
compliance in four cases owing to lack of documented
evidence of prescribed treatment in the child’s primary care
records. Compliance ranged from 25 to 150% (median 50%);
31 (77%) had a compliance of 50% or above and 16 (40%) a
compliance of 75% or above. A compliance of more than
100% was likely to reflect lost or duplicated prescriptions
indicating that treatment was available both at home and
school. Ten children in the (3, only group were later prescribed
ICS (average 58 days from randomization, range 8—146 days)
and four in the ICS group had ICS doses increased.

Seventy-nine children completed the study (40 and 39,
respectively). Two withdrew because the family moved out

Table 1. Baseline characteristics of study

ICS (n=44) B, only (n=42) &roups
Age, years [mean (SD)] 4.5 (3.2) 49 (3.1)
Male, n [%] 28 (64%) 23 (55%)
Height, cm [mean (SD)] 105.8 (20.2) 109.2 (19.6)
Weight, kg [mean (SD)] 18.5 (8.9) 20.4 (9.6)
One parent atopic, n [%]* 26 (59%) 31 (74%)
Sibling asthmatic, n [%] 18 (41%) 16 (38%)
Household with at least 1 smoker, n [%] 21 (47%) 10 (24%)

Inhaled corticosteroids and (3, treatment (ICS); 3, treatment alone (3, only). *Atopy defined

as at least one of asthma, hayfever or eczema.
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Fig. 1. Mean values (* SD) for FEV, (n =38) and tidal breathing
parameters (n =155) for ICS (@) and (3, only (M) treatment groups.
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of the area and the remainder because parents were unable
to attend reassessment visits; there was no evidence that
these children differed in any way from the other partici-
pants. No children had exacerbations requiring emergency
consultations, hospital visits, or courses of oral steroids.

Lung function tests

FEV,; and Tp1:T. were well matched at entry (Fig. 1). There
were no significant differences between the groups at 3 and
6 months, although unlike the ICS group the (3, only group’s
Tper:Te had significantly increased from baseline at
6 months (P=0.044). At 6 months the mean difference

between ICS and (3, only for FEV; was —0.05L (95%
CI-041L to 0.31L) (P>0.05). The mean difference
between the groups for Tpes:T. at 6 months was —0.039
(95% CI-0.082 to 0.004) (P>0.05). When baseline differ-
ences (age, household smoking) were incorporated into a
general linear model (aNcova) no significant treatment
group effects were found in FEV, at 6 months. However,
the same analysis (ancova) found a significant difference
between Tptef: Te between treatment groups at 6 months
(P =0.024) in favour of the (3, only group.

Respiratory symptoms and health-related quality of life

Respiratory symptoms and health-related quality of life
were well matched at entry and respiratory symptoms
improved over time in both groups (Table 2). When base
line measurements were incorporated as covariates in a
logistic regression procedure the treatment group effect
remained nonsignificant.

There were no significant differences between treatments
in the caregivers’ and children’s quality of life scores at
6 months, apart from a lower child’s quality of living score
in the ICS group (P = 0.013) (Table 3). Significant improve-
ment in caregivers’ quality of life was observed (P <0.001),
but with the same improvement in both groups.

Growth and sexual maturation

No significant difference was found between the treatment
groups with regard to stature at 6 months (Fig. 2), mean
difference — 3.6 cm (95% CI-12.6 cm to 5.4 cm). Although

Table 2. Health status and asthma diary record on entry and at 6 months by treatment group

Study entry 6 months
ICS B> only ICS B> only 95%

(n=44) (n=42) (n=40) (n=39) Difference CI
Episodes of wheeze >4 events, n (%) 20 (46%) 19 (45%) 10 (25%) 7 (18%) 7% —11%, 25%
Sleep disturbance due to wheeze
> 1 per month, n (%) 11 25%) 15 (36%) 4 (10%) 7 (18%) - 8% -23%, 7%
Dry cough at night, n (%) 38 (86%) 35 (83%) 16 (40%) 18 (46%) - 6% —28%, 16%
Sleep disturbance due to cough
> 1 night per week, n (%) 21 (48%) 26 (62%) 16 (40%) 8 (21%) 19% -0.3%, 39%
Wheezing limits child’s speech, n (%) 9Q21%) 7(17%) 3 (8%) 4 (10%) -2% —15%, 10%
Number symptom free days in 31 days,
median (IQR) - - 27.5 (27, 31) 27.0 (13, 31) 0 -3,3
Total times reliever used in 31 days,
median (IQR) - - 0 (0, 23.8) 5(0, 19) 0 -50
Total symptom score in 31 days, median (IQR) - - 2.8 (0, 22.8) 3(0,11) 0 -35,1

Inhaled corticosteroids and 3, treatment (ICS); (3, treatment alone (3, only); interquartile range (IQR).
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Table 3. Caregivers and child’s quality of life on entry and at 6 months by treatment group

Study entry 6 months

ICS (3, only ICS B, only Median 95%
Caregiver (n=43) (n=42) (n=40) (n=39) difference CI
Caregivers emotion score,
median (IQR) 5.0 (4.0, 5.5) 51(43,6.00 62(5.6,6.7)F 6.6(5.6,6.8)F 0 -0.34,0.23
Caregivers activity score,
median (IQR) 54 (4.4,6.1) 55M@9,6.1) 65(53,7.00f 6.3(5.5,7.0)F 0 -0.5,0.25
Caregivers total score,
median (IQR) 52 (4.4,5.8) 54(4.7,6.1) 6.1 (5.5, 6.8) 6.4 (5.3, 6.8) -0.008 -0.41,0.31
CHILD (n=20) (n=21) (n=17) (n=22)
Child’s Quality of living score,
median (IQR) 31.0 (24.3, 30.5) 32.0 (28, 32) 30.0 (28, 34) 34 (26, 39)* -225 -6, —1
Child’s Distress score,
median (IQR) 11 (7, 20) 7 (5, 21.5) 12 (18, 22) 5225, 49) 3 -1,9
Child’s Severity score,
median (IQR) 10.0 (8.3, 13.8) 13 (11, 17) 10.0 (6, 12) 10.0 (8, 18) 0 -7,4

Inhaled corticosteroids and 3, treatment (ICS); (3, treatment alone (3, only); interquartile range (IQR); *Mann—Whitney U-test, P <0.05;
TWilcoxon two-related-samples Z-test, change from study entry, P <0.05.

the mean difference between treatment groups for knee-heel
length was — 21.3 mm (95% CI —41.9 mm to — 0.62 mm) at
entry (P =0.044) this difference disappeared after control-
ling for the slightly increased mean age of the 3, only group
(ANcova). At 3 and 6 months the mean differences for knee-
heel length were — 19.6 mm (95% CI-41 to 2.1) (P>0.05)
and — 16.1 mm (95% CI-36.4 to 4.3) (P>0.05), respec-
tively. A secondary analysis of knee-heel length change,
controlling for age (aNcova), indicated that age did not have

Height (cm)
3

Study 3 6
entry Months Months

Fig. 2. Mean values (* SD) for height (n=79) and knee-heel
length (n=57) for ICS (@) and (3, only (M) treatment groups.

N
3
Knee-heel length (mm)

a significant effect (P> 0.05) and treatment effect remained
nonsignificant at 3 and 6 months (P>0.05). Knee-heel
length and stature significantly increased over time in both
groups (P <0.001).

Height velocity over the six months was 0.13 (SD 0.08)
cm/week for ICS compared to 0.15 (SD 0.04) cm/week for
B> only (mean difference — 0.015 cm/week, 95% CI-0.044
t0 0.014) (P >0.05). There was also no significant difference
in knee-heel length velocity at 6 months 0.63 (SD 0.34) mm/
week for ICS compared to 0.52 (SD 0.32) mm/week for (3,
only (mean difference 0.106 mm/week, 95% CI-0.070 to
0.282) (P>0.05).

There were also no obvious differences in sexual devel-
opment between the groups although the small numbers
precluded statistical analysis. All the girls were premenarch-
eal with six having some signs of pubertal development,
four in ICS group. Seven boys had signs of pubertal
development, three in the ICS group

Bone mass and bone metabolism

Ultrasound of the os calcis was performed on 28 children
over 6years of age. No significant group differences for
BUA was found on entry or at subsequent follow-up (Fig.
3), even after adjusting for age (ancova). BUA between
treatments at 6 months was 3.15 db/Mhz (95% CI-11.45 to
17.76) and for VOS was —7.8 m/s (95% CI —44.3 to 28.8),
both nonsignificant.
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Fig. 3. Mean values (£ SD) for bone mass BUA (n=28) and
urinary pyridinoline (Pyd) as a ratio of creatinine (cr) (n = 62) for
ICS (@) and 3, only (M) treatment groups.

Urinary Pyd, normalized to urinary creatine, showed no
significant differences at entry or at 3months (Fig. 3). At
6 months the ICS group showed a reduction compared to the
B> only who had increased their Pyd:Cr ratio (P =0.028),
mean difference — 52.2 nmol/mmol (95% CI-98.4 to — 5.9).
A secondary analysis (aNcova) adjusting for age confirmed
the significant difference between treatments at 6 months
(P<0.05). Urinary Dpd:Cr was also lower in the ICS group
at 6 months, although the mean difference of — 11.8 nmol/
mmol (95% CI-28.3 to 4.66) was not significant (P> 0.05).

Economic issues

Prescription costs were significantly higher for the children
assigned to ICS with a mean additional cost per child of
£20.73 over the 6 month period (95% CI 12.18 to 29.28). No
significant differences were found for costs of both asthma-
related and nonasthma-related primary care practitioner
consultations and there were no hospital outpatient visits
or inpatient stays recorded in either treatment group. When
the 3 categories of health care cost were combined (surgery
visit, home consultation and practice nurse) the mean
additional costs per patient assigned to ICS was £17 (95%
CI 3.2 to 30.7).

Discussion

The purpose of the study was to inform the design of a larger
definitive study and a number of key issues emerged. Our
recruitment experiences are salutory for future investigators
attempting to study inhaled corticosteroids (ICS) treatment
in young wheezy children. We found out of a total of 15000
children and adolescents only 1% were eligible, of whom a
third declined an invitation to participate.

The widespread and early use of ICS in symptomatic
children seen in primary care could be explained by a
number of factors. Asthma may be over diagnosed, guide-
lines may not be strictly adhered to in that ICS may be being
used too early, or treatment options other than ICS may not
be considered valid or appropriate for children.

The low drop out rate of those who were recruited 8% (7
of 86) provided evidence that the protocol was practical and
acceptable. Our finding that more than 60% were aged
6 years or less was consistent with data from prospective
cohort studies [18,19] suggesting that early intervention
studies should focus on this young age group. However
this produces another challenge in that approximately 60%
of those presenting under the age of 2 years are likely to be
asymptomatic by mid to late childhood [19].

Twenty-four percent of the control group (children ran-
domized to (3, alone) subsequently commenced ICS treat-
ment, this was higher than the 9% of the experimental group
(children randomized to ICS) whose ICS dosage increased.
This suggested a significantly higher level of treatment
failures in the 3, only compared to the ICS group. However,
none of the children had serious exacerbations as evidenced
by the need for courses of oral steroids or hospital admis-
sions. It was also not clear from the records available to us
why these decisions to either start or increase ICS were
made. Our analysis was by the intention to treat principle
and in a definitive trial with larger numbers a sub analysis
taking into account code violations would be possible while
seeking to identify the reasons for commencing or increas-
ing the dose of ICS.

The lack of evidence to support a substantial beneficial
effect of early intervention reflected the inadequate power
of the pilot study. Compliance is also an issue as good
symptom control often depends on the patient taking regular
preventative medication. Although the pragmatic trial
design includes any lack of compliance in the overall
measure of effectiveness [20], short-term effects will
obviously be confounded by the extent to which an indivi-
dual takes their medication. However, the present study is
similar to previous reports [21-23], which have found that
even in closely regulated clinical trials only about 50% of
inhaled medication is taken as prescribed. This suggests that
we have observed real differences in treatment and not just
the effect of poor compliance.

When deciding required sample size for a definitive study
three issues need be taken into account: statistical power to
detect possible benefits; power to detect possible adverse
effects; and feasibility within a reasonable budget.

Asthmatic children using ICS have been shown to
improve FEV, by approximately 9% [24]. If the age
distribution in a definitive trial was similar to that found
in the current pilot at the end of a 5-year study the mean age
would be around 8 years. The mean FEV, for an 8-year-old
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boy is 1.55 (= 0.199) [25]. Therefore, a long-term trial with
260 children would have 90% power to detect a 9%
difference in FEV, at the 5% level [26].

Measures of FEV| have been shown to give a reliable
reflection of lung function in children over the age of
6 years, but in younger children meaningful results have
been difficult to obtain [27]. As indicated from the present
study the majority of newly presenting ICS naive children
are likely to be less than 6 years of age, and thus require
other respiratory function assessments of short-term out-
come. In the present study we assessed tidal breathing
parameters using respiratory inductance plethysmography,
recording the ratio of time taken to reach peak expiratory
flow (Tper) to the total expiratory time (T.). Although
studies of Ty Te in infants have shown associations with
subsequent development of wheezing episodes [28], it has
been suggested that in older children this ratio may be less
sensitive to subtle deficits in airway function than spirome-
try [29]. The results presented here (Fig. 1) appear to
confirm this conclusion, in that Tyer:T. showed a large
degree of variability and thus a lack of sensitivity. We
suggest that measures of Tpr:Te should not be included in
subsequent trials, which include young children unable to
perform spirometry, and that other measures, such as
respiratory resistance using the interrupter technique [30],
might be more appropriate.

Other important issues being addressed in the pilot were
the possible adverse effects of ICS particularly on growth
and bone development. We found a mean increase in stature
of 3.38 (£1.01) cm in the ICS group compared to 3.99
(% 1.25) cm amongst the controls. The difference of 0.6 cm
may well be an overestimate by chance; hence it seems
reasonable to detect (or exclude) a 0.4 cm difference in
growth velocity between the two groups over 6 months. To
do this with 90% power (P<0.05) would require 130
children per group [26]. In a recent short-term study of
prepubertal children (aged 7-9years — albeit a more
restricted age range than in the present study) the mean
growth over 7 months was 2.66 cm in the ICS group com-
pared to 3.66 cm in controls, a difference of 1cm [31]. A
trial size of 260 would have 90% power to identify a
difference of 0.4 of a standard deviation (1 cm/year), and
80% power to identify a difference of 0.35 of a standard
deviation (0.9 cm/year).

Measures of bone turnover (urinary pyridinium cross-
links, Pyd and Dpd) were lower than baseline in the ICS
group whilst higher in the 3, only group. This difference
was significant for Pyd but not for Dpd, suggesting that
collagen metabolism in tissues other than bone may also
have been affected in the ICS group, since Pyd is known to
have a somewhat wider tissue distribution than Dpd. These
results are consistent with another study in children which
found that bone formation and turnover decreased during

ICS treatment whilst linear growth was preserved [32].
Studies of urinary excretion of pyridinium crosslinks in
healthy 4—10-year-olds indicate a similar trend to that found
in our (3, only group [33], whilst measures of collagen
turnover have been found to be reduced in children receiv-
ing long-term ICS treatment [34]. Although studies of adults
have shown an association between reduced bone mineral
density (BMD) and inhaled steroid therapy [35], no effects
have so far been observed in children [36], as in the present
study. One possible interpretation is that ICS in moderate
dosage may have their greatest effect on bone architecture
rather than on bone mass or linear growth. Whether the
observed changes in markers of bone turnover we observed
were clinically important remains to be established. Our
data indicate that a trial with 130 children in each group
would have greater than 90% power (P <0.05) to detect a
20% difference [26].

With respect to the four aims of the health economic
component, since there was no evidence of greater short-
term effectiveness in the early prophylaxis arm it was not
possible to calculate a cost-effectiveness ratio. However, we
did show that it was feasible to collect data retrospectively
on use of Health service resources and prospectively on
symptom free days and absenteeism via patient diaries. The
data collected with respect to drug costs and consultations
were then used as a basis for sample size calculations,
however, the absence of inpatient admissions caused a
problem as it would take very few inpatient admissions to
dwarf the estimated difference in costs of prescriptions and
unscheduled consultations. However, the outcome measures
used would be suitable for making comparisons in terms of
cost-effectiveness with other interventions aimed at improv-
ing asthma management in children. Comparisons with
adults would only be possible if it were assumed that, for
example, a symptom free day was of equal value to an adult
and a child.

Although early asthma prophylaxis increased costs with-
out any improvement in effectiveness it would be wrong to
conclude at this stage that it is not a cost-effective use of
resources as the current study was not designed to establish
the cost-effectiveness of early asthma prophylaxis. A major
challenge in any future trial concerns the relationship of cost
differences in the first six months following randomization
to cost differences over an extended period of time.

Although our results showed no effects or detectable
benefits of early ICS intervention the inadequate power of
this pilot study make it impossible to determine the validity
of these results. It is also possible that the failure to
demonstrate any benefits may have been related to the
short time period of the study, as a gradual response to
ICS has been previously reported in adults. It could also be
that in this young population with predominant mild disease
early anti-inflammatory therapy may not be as effective as it
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is in adulthood, as suggested by two recent explanatory
trials [7,8].

Despite a greater awareness of the disease and improved
treatment, asthma and wheezing illness presenting in child-
hood remains a major challenge. Although evidence for a
more liberal use of ICS has been presented [37] our findings
suggest that the widespread use of ICS in young children
with symptoms suggestive of asthma merits review. In order
to confirm these results, and using the same study design,
power estimates indicated that 260 children would need to
be randomised for a definitive trial. However, the short-term
effects suggested in this pilot study, particularly with regard
to bone turnover, emphasize the need to monitor the long-
term risks, costs and benefits of early introduction of ICS,
particularly in the young symptomatic child.

Acknowledgements

The study was funded by The NHS Executive Health
Technology Assessment Programme but the views and
opinions expressed herein do not necessarily reflect the
views of the NHS Executive. The Health Services and
Health Economic Research Units are core funded by the
Chief Scientist Office of the Scottish Office Department of
Health but the views and opinions expressed are those of the
authors.

The authors thank the patients and staff of the six General
Practices who participated in this study: Elmbank Group
Practice, Northfield—Mastrick Medical Practice and Scots-
town Medical Practice, Aberdeen; Peterhead Health Centre;
Inverurie Medical Group; Portlethen Health Centre.

The EASE Study Group members are: ADG Baxter-
Jones, PJ Helms, G Russell, N Sim, J Gordon and A
Baird, Department of Child Health, University of Aberdeen;
A Grant, M Campbell and S Ross, Health Services Research
Unit, University of Aberdeen; DM Reid, Department of
Medicine and Therapeutics, University of Aberdeen; SP
Robins, Rowett Research Institute, Aberdeen; LD Ritchie
and RJ Taylor, Department of General Practice and Primary
Care, University of Aberdeen; JA Cairns, Health Economics
Research Unit, University of Aberdeen; ME Fletcher, South
Bank University, London.

References

1 British Asthma Guidelines Coordinating Committee. The Brit-
ish guidelines on asthma management 1995 review and posi-
tion statement. Thorax 1997; 52:s1—s21.

2 National Asthma Education and Prevention Programme.
Guidelines for the Diagnosis and Management of Asthma
National Institute of Health, Bethesda. 1997. Publication no.
97-4051.

3 Global Initiative for Asthma. Global strategy for asthma

management and prevention. National Institute of Health,
Bethesda. 1995. Publication no. 95-3659.

4 Ninan TK & Russell G. Asthma, inhaled corticosteroid treat-
ment, and growth. Arch Dis Child 1992; 67:703-5.

5 Cade A, Butler GE, Morrison JFJ et al. High-dose inhaled
steroids in asthmatic children. Lancet 1996; 348:819-21.

6 Landau LI. Inhaled corticosteroids in childhood asthma.
Pediatr Pulmonol 1999; 27:365-8.

7 Doull IJ, Lampe FC, Smith S, Schreiber J, Freezer NJ, Holgate
ST. Effect of inhaled corticosteroids on episodes of wheezing
associated with viral infection in school age children: rando-
mised double blind placebo controlled trial. Br Med J 1997;
315:858-62.

8 Verberne AA, Frost C, Duiverman EJ, Grol MH, Kerrebijn KF.
Addition of salmeterol versus doubling the dose of beclo-
methasone in children with asthma. The Dutch Asthma Study
Group Am J Respir Crit Care Med 1998; 158:213-9.

9 Stick SM, Ellis E, LeSouef PN, Sly PD. Validation of respira-
tory inductance plethysmography [Respitrace] for the measure-
ment of tidal breathing parameters in newborns. Pediatr
Pulmonol 1992; 14:187-91.

10 van der Ent CK, Brackel HIL, van der Laag J, Ogaard JM.
Tidal breathing analysis as a measure of airway obstruction in
children three years of age and older. Am J Respir Crit Care
Med 1996; 153:1253-8.

11 Asher MI, Keil U, Anderson HR et al. International study of
asthma and allergies in childhood [ISAAC]. Rationale Meth
Eur Resp J 1995; 8:483-91.

12 Juniper EF, Guyatt GH, Feeny DH, Ferrie PJ, Griffith LE,
Townsend M. Measuring quality of life in the parents of
children with asthma. Quality Life Research 1996; 5:27-34.

13 French DJ, Christie MJ, Sowden AJ. The reproducibility of the
Childhood Asthma Questionnaires: measures of quality of life
for children with asthma aged 4-16 years. Quality Life
Research 1994; 3:215-24.

14 Tanner JM. Growth at Adolescence Blackwell Scientific Pub-
lications, Oxford. 1962.

15 Michaelsen KF, Skov L, Badsberg JH, Jorgensen M. Short-
term measurement of linear growth in preterm infants: valida-
tion of a hand-held knemometer. Pediatric Res 1991; 30:464—
8.

16 Langton CM, Njeh CF, Hodgskinson R, Currey JD. Prediction
of mechanical properties of the human calcaneus by broadband
ultrasonic attenuation. Bone 1996; 18:495-503.

17 Robins SP. Pyridinium crosslink as markers of bone resorption.
Lancet 1992; 340:278-9.

18 Strachan D, Gerritsen J. Long-term outcome of early childhood
wheezing: population data. Eur Resp J 1996; 9:42s5—47s.

19 Martinez FD, Wright AL, Taussig LM et al. Asthma and
wheezing in the first six years of life. N Engl J Med 1995;
332:133-8.

20 Roland M, Torgerson DJ. What are pragmatic trials? Br Med J
1998; 316:285.

21 Rand CS, Wise RA, Nides M, Simmons MS, Bleecker ER,
Kusek JW, Li VC, Tashkin DP. Metered-dose inhaler adher-
ence in a clinical trial. Am Rev Resp Dis 1992; 46:1559-64.

22 Mann MC, Eliasson O, Patel K, ZuWallack RL. An evaluation

© 2000 Blackwell Science Ltd, Clinical and Experimental Allergy, 30, 1618—1626



1626

A. D. G. Baxter-Jones and P. J. Helms

23

24

25

26

27

28

29

30

31

of severity-modulated compliance with q.i.d. dosing of inhaled
beclomethasone. Chest 1992; 102:1342—-6.

Coutts JA, Gibson BA, Patton JY. Measuring compliance with
inhaled medication in asthma. Arch Dis Child 1992; 67:332-3.
Nicolaizik WH, Marchant JL, Preece MA, Warner JO. Endo-
crine and lung function in asthmatic children on inhaled
steroids. Am J Respir Crit Care Med 1994; 150:624-8.
Rosenthal M, Bain SH, Cramer D, Helms P, Denison D, Bush
A, Warner JO. Lung function in white children aged 4-19
years. 1-Spirometry. Thorax 1993; 48:794-802.

Altman DG, Gore SM. How large a sample?. In: Statistics in
Practice, London: British Medical Association, 1982: 6-8.
Kanengiser S, Dozar AJ. Forced expiratory maneuvers in
children aged 3-5 years. Paediatr Pulmonol 1994; 18:144-9.
Young S, Arnott J, Le Souef P, Landau LI. Flow limitation
during tidal expiration in symptom-free infants and the sub-
sequent development of asthma. J Pediatr 1994; 124:681-8.
Cutrera R, Filtchev SI, Merolla R, Grzegorz W, Haluszka J,
Ronchetti R. Analysis of expiratory pattern for monitoring
bronchial obstruction in school age children. Pediatr Pulmonol
1991; 10:6-10.

Carter ER. Is it time to consider standardizing the interrupter
technique. Eur Respir J 1997; 10:1428-9.

Doull IJM, Freezer NJ, Holgate ST. Growth of prepubertal

32

33

34

35

36

37

children with mild asthma treated with inhaled beclomethasone
dipropionate. Am J Respir Crit Care Med 1995; 151:1715-9.
Carlsen KH. Changes in bone markers in children with asthma
during inhaled budesonide and nedocromile treatments. Eur
Respir Top 1997; 3:25.

Husain SM, Mughal Z, Williams G, Ward K, Smith CS, Dutton
J, Fraser WD. Urinary excretion of pyridinium crosslinks in
healthy 4-10 year olds. Arch Dis Child 1999; 80:370-3.
Crowley S, Trivedi P, Risteli L, Risteli J, Hindmarsh PC,
Brook CG. Collagen metabolism and growth in prepubertal
children with asthma treated with inhaled steroids. J Pediatr
1998; 132:409-13.

Wisniewski AF, Lewis SA, Green DJ, Maslanka W, Burrell H,
Tattersfield AE. Cross sectional investigation of the effects of
inhaled corticosteroids on bone density and bone metabolism
in patients with asthma. Thorax 1997; 52:853—-60.

Agertoft L, Pedersen S. Bone mineral density in children with
asthma receiving long-term treatment with inhaled budesonide.
Am J Respir Crit Care Med 1998; 157:178-83.

Wennergren G, Kristjansson S, Strannegard IL. Decrease in
hospitalization for treatment of childhood asthma with
increased use of anti-inflammatory treatment, despite an
increase in the prevalence of asthma. J Allergy Clin Immunol
1996; 97:742-8.

© 2000 Blackwell Science Ltd, Clinical and Experimental Allergy, 30, 1618—-1626



