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Abstract

Aim: To compare the effects of fluticasone and placebo on asthma control in patients with mild asthma. 

Method: Adults with FEV1 >80% predicted and reliever use <2 times/week were randomised to receive fluticasone 250 mcg/day or
placebo double-blind for 11 months. Exacerbations were treated with four weeks’ fluticasone 500 mcg/day. Primary outcomes were
electronically-recorded morning PEF and FEV1, analysed by mixed model regression.  

Results: 44 subjects were randomised (23-fluticasone, 21-placebo). Fluticasone led to significantly better morning FEV1 (mean difference
5.4% predicted, p<0.0001), morning PEF, clinic spirometry, exhaled nitric oxide levels, and airway hyperresponsiveness, but there were
no differences in reliever use, symptoms or quality of life. Fewer patients had mild exacerbations on fluticasone (22% vs 62%, p=0.02).  

Conclusion: The goals of asthma treatment include not only control of symptoms, but also prevention of future adverse outcomes such
as exacerbations – which can occur even in mild asthma. This study showed that treatment with low dose inhaled corticosteroids led to
significant improvements in lung function, exacerbations, and in pathophysiological predictors of future risk, even though symptoms
were minimal at entry. For patients with mild asthma, discussion about treatment needs to consider not only short-term benefit, side
effects and cost, but also long-term reduction of risk. 

This study was completed prior to mandatory registration for clinical trials.
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Introduction
In recent years, the basis of treatment decisions in asthma has
shifted from a classification of severity, to one based on
disease control. Both the 2006 Global Initiative for Asthma
guidelines (GINA)1 and the recently-published Expert Panel
Report 3 guidelines for the USA2 advocate a stepwise
treatment algorithm, based on an assessment of asthma
control. The aim is to achieve well controlled asthma, which
is characterised by minimal symptoms and minimal reliever
use, no limitation of activity, normal (or near normal) lung
function, and no exacerbations.

At present, these guidelines recommend low dose inhaled

corticosteroid (ICS) treatment if a patient experiences
symptoms three or more times a week, or if the forced
expiratory volume in one second (FEV1) is below 80%
predicted. Several placebo-controlled studies have investigated
the effect of ICS in such patients, with low dose3-6 and
moderate-to-high dose ICS.7,8 There has been vigorous
discussion about these studies,9-16 with commentators reaching
different conclusions about the implications for clinical
practice. This suggests that consensus has not yet been
achieved on the optimal treatment strategy for patients with
what used to be called “mild persistent asthma”. 

Patients with less frequent symptoms (i.e. 2 days/week)
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are classified in current guidelines as having “intermittent
asthma,”1,2 or, if they achieve this low frequency of symptoms
while taking low dose ICS (Step 2 treatment), they are
classified in the 2006 GINA guidelines as having “Controlled
Asthma”. In clinical practice, they are often simply described as
having “mild asthma”. For such patients, ICS are not currently
recommended, and there are very few clinical trials of low dose
ICS in this population. Rytila and colleagues17 showed in a
three-month single-blind placebo-controlled study that
beclometasone 800 mcg/day led to improved symptom scores
and blood eosinophil counts in patients with recent-onset
asthma symptoms who had normal lung function,
bronchodilator response and airway responsiveness. The
potential target for ICS in patients with mild asthma is
indicated by the finding of airway inflammation and/or airway
hyperresponsiveness (AHR) despite the presence of very mild
clinical features.18 These biomarkers may act as predictors of
future risk, providing additional information about asthma
control over and above the information obtained from
standard clinical measures.2

The present study was designed to test the hypothesis that
for patients with clinically mild asthma, defined by symptoms
<2 days/week, regular treatment with low dose ICS would be
more effective than regular treatment with placebo in
maintaining asthma control, avoiding exacerbations, and
achieving best lung function.   

Methods
This was a randomised, double-blind, placebo-controlled,
parallel-group, single centre study. Subjects were randomised
to receive fluticasone propionate 125 mcg or matching
placebo twice-daily by metered-dose inhaler for 11 months.
Use of a large-volume spacer was encouraged. Salbutamol
100 mcg was used as-needed. In both groups, exacerbations
were treated with four weeks of open-label fluticasone
propionate 250 mcg twice-daily  by metered-dose inhaler,
with oral corticosteroids if necessary. The study protocol was
approved by the Ethics Committee of Royal Prince Alfred
Hospital, and all subjects gave written informed consent. The
study was completed prior to mandatory registration for
clinical trials. 
Subjects 
Subjects were aged 18-80 years, with an established history
of asthma – documented either by historical evidence of
bronchodilator reversibility within the previous year (increase
in FEV1 by >180mls and/or >12%, or in peak expiratory flow
(PEF) by >12%), or by confirmation by two independent
physicians on a case-by-case basis that the subject had a
clinical history of reversible symptoms which were consistent
with asthma. 

Subjects were defined as having “mild” asthma if they

satisfied inclusion criteria at both Visit 1 (screening visit) and
Visit 2 (randomisation visit). The inclusion criteria for mild
asthma at Visit 1 were FEV1 >80% predicted, and use of
salbutamol <2 times/week excluding pre-exercise. Exclusion
criteria at screening were: current smoking or a >20 pack-
year smoking history; clinically important systemic or
respiratory disease; treatment with oral/systemic
corticosteroids in the previous year; long-acting β2-agonist
treatment in the previous month; or a respiratory infection in
the previous month. Subjects could be using salbutamol
alone, or low dose ICS (<250 mcg/day fluticasone or its
equivalent). Previous ICS, if used, were continued during the
four-week run-in and ceased at randomisation. Subjects using
moderate dose ICS (>250-<500 mcg/day fluticasone
equivalent) at Visit 1 underwent eight-week run-in on half
their entry dose. No asthma medications other than as-
needed salbutamol were permitted. Further inclusion criteria
for mild asthma at randomisation were: FEV1 >90% of Visit 1
FEV1, symptoms ≤2 times/week, salbutamol ≤2 times/week
excluding pre-exercise, and mean morning PEF >92% best
(low PEF variability, based on published19 and unpublished
data). Subjects were excluded at randomisation if they had
moderate airway hyperresponsiveness (provocative dose of
histamine causing a 20% fall in FEV1 (PD20) <0.1 µmol
histamine) or excessive diurnal PEF variability (average
amplitude percent mean >15% in previous 14 days). 

Randomisation was by computer-generated sequence,
with a block size of six, and the randomisation code remained
concealed until after analysis. Subjects were assessed at
weeks 4 and 8, then every eight weeks up to week 48,
withholding salbutamol and caffeine for six hours, and
antihistamines for one week. Throughout the study, subjects
carried out electronic monitoring of symptoms, medication
use and spirometry (PEF and FEV1) twice-daily, using AM2
electronic diary spirometers (Erich Jaeger GmbH, Hoechberg,
Germany). For PEF and FEV1, the highest of three manoeuvres
was analysed. Baseline observations were from the
randomisation visit and the preceding 14 days’ diary data.
Exacerbations  
Subjects were asked to contact the investigator if they had
worsening symptoms, or if PEF was <80% baseline. Mild
asthma exacerbations were defined as: (a) a fall in morning PEF
of >20% from baseline on >2 of three consecutive days;
and/or (b) increase in 24-hour salbutamol use by >2 occasions
over baseline on two consecutive days; and/or (c) nocturnal
asthma and/or early waking requiring salbutamol on >2
consecutive days; and/or (d) if, in the investigator’s opinion, the
subject was experiencing an exacerbation. Subjects meeting
these criteria were instructed to take exacerbation medication
for four weeks, plus study medication, with telephone review
two weeks later and clinic review two weeks after that.
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Severe exacerbations were defined by use of oral
corticosteroids. Oral prednisolone 50 mg/day was given for 7-
10 days if PEF fell by >30% baseline for >2 of three
consecutive days, or at investigator discretion. Subjects were
withdrawn if they required prednisolone for more than four
weeks, or additional ICS for more than eight weeks, or if they
experienced three exacerbations.  
Outcome variables  
Primary outcome variables were morning PEF and morning
FEV1. Secondary diary variables included symptom score, β2-
agonist  use, waking due to asthma, symptom-free days, and
reliever-free days. Secondary clinic variables included FEV1,
FVC and PEF, and Asthma-related Quality of Life (Marks20).
Exhaled nitric oxide (NO) concentration (FeNO, expiratory
flow 200mL/sec) was measured offline (Thermo-
Environmental 42C analyser, Thermo-Environmental
Instruments Inc, Franklin, Massachusetts), and adjusted for
ambient NO. Airway responsiveness was assessed by
histamine provocation test,21 with cumulative doses from
0.06-7.8 µmol. Total fluticasone dose was calculated as the
sum of prescribed study medication plus exacerbation
medication, averaged as mcg/day. 
Statistical analysis (also see Appendix A at
www.thepcrj.org)  
Spirometry sessions in which FEV1 or PEF was >4 standard
deviations (SD) above the subject's 11-month mean (18/9583
spirometry sessions) were excluded from analysis. Reliever use
was averaged over each two-week period and expressed as
puffs/day. Each day was classified as symptom-free (Yes/No)
and reliever-free (Yes/No) for analysis. Asthma-related quality
of life data could not be normalised by transformation, and
were dichotomised about the median value. Analysis was by
intention to treat, for all subjects who received at least one
dose of study medication. For continuous outcome variables,
all post-randomisation values were compared between
treatment groups using an analysis of variance in which
treatment group was the main fixed effect, baseline measures
were included as fixed covariates, and subjects were treated
as a random effect. Mean differences (with 95% confidence
intervals [CI]) were estimated. Dichotomous variables were
analysed using generalised estimating equations with a log
link to estimate relative risk (with 95% CI). Numbers of
subjects with exacerbations were compared between active
and control groups by Chi squared test. Analyses were carried
out using SAS Version 9.1 (SAS Institute Inc., Cary, NC, USA) and
Analyse-It Version 1.68 (Analyse-It Software Ltd, Leeds, UK).
Power calculation 
A power analysis for the primary efficacy variable (morning
PEF) was performed prior to database lock, based on the
number of subjects recruited and previous electronic
spirometric data during well controlled asthma.22 Assuming

between-subject SD for morning PEF of 80-120 L/min and
intra-subject correlation coefficient in the range 0.005-0.2,
with 22 subjects in each of the two groups, and 360 daily
observations per subject, the minimum detectable difference
in morning PEF with 80% power was between 6 and 47
L/min.  

Results
Forty-four subjects were randomised (Active - 23, Placebo -
21, see Figure 1). Fifteen subjects (34%) were using ICS at
entry (low dose - 12, moderate dose - 3). Table 1 shows
baseline and demographic characteristics. There were no
clinically important differences between randomisation
groups, or between subjects using or not using ICS at entry
(See Appendix A, online supplement, at www.thepcrj.org). 

At baseline, subjects had clinical features of mild or well
controlled asthma, with median salbutamol use 0.2
puffs/week (IQR 0.0-1.2), clinic FEV1 99% predicted (95% CI
94.5-103.9), and normal to mild AHR. However, FeNO was
elevated (>13.2ppb23) in 70% of patients, with no significant
difference between subjects using/not using ICS at entry
(p=0.16, see online supplement). Retrospective classification
by GINA 2006 criteria1 identified 57% patients with
“Controlled”, 39% “Partly Controlled”, and 4%
“Uncontrolled” asthma.
Primary outcome variables (Table 2) 
Morning PEF was 15.9 L/min higher (95% CI 12.4–19.4,
p<0.0001) on active treatment compared with placebo. A
similar effect was seen with morning FEV1, group difference
151mL (114-184, p<0.0001). 

Enrolled
n=72

Treatment A
(Active)

n=23

Pre-study ICS
Yes: n=9
No: n=14

Discontinued (n=5)
Failed to return
(v6:n=1; v4:n=1)

Moved away
(v8:n=1; v5:n=1; v3:n=1)

Completed
to Visit 9

n=18

Completed
to Visit 9

n=14

Discontinued (n=7)
Failed to return
(v6:n=1; v7:n=1; v8:n=1)

Adverse event
(v6:n=2)

Withdrew consent
(v8:n=1)

Non-compliance
(v8:n=1)

Treatment B
(Placebo)

n=21

Pre-study ICS
Yes: n=6
No: n=15

Withdrawn, n=28
(Failed entry criteria at

V2 or during run-in)

Randomised
n=44

Figure 1.  CONSORT diagram showing the flow of
subjects through the study.
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Secondary outcome variables (Table 2)
For morning FEV1 and morning PEF expressed as percent
predicted, treatment differences were 5.4 percentage points
(95% CI 4.3-6.4, p<0.0001) and 3.5 percentage points
(2.7–4.3, p<0.0001), respectively. Between-group differences
increased during the course of the study (p=0.0005, Figure 2).
Significant treatment effects were also seen for evening FEV1

% predicted (p=0.0001) and PEF % predicted (p=0.0001),
and for clinic FEV1 (p=0.007), FVC (p=0.02) and PEF (p=0.01),
each percent predicted. Median change in airway
responsiveness was 1.24 doubling doses (IQR 0.42-2.07) for
Active and 0.03 doubling doses (-0.30-0.66) for Placebo
(p=0.0025 between groups). Likewise, there was a significant
treatment effect on FeNO, with levels 37% lower in the
Active vs the Placebo group (p=0.0001).

There were no significant differences between Active and
Placebo groups in morning or evening symptom scores, night-
waking, symptom-free days or reliever-free days. During
treatment, a median of 92% days (IQR 83.7–96.5) were
symptom-free for Active and 90% (71.3–94.6) for Placebo
Groups (p=0.07), with median 94% and 91% days reliever-
free for Active and Placebo respectively. Asthma-related
Quality of Life (range 0-4, best-worst) was also not
significantly different between Active and Placebo, with
median scores of 0.275 and 0.375 respectively (p=0.6). 

There was a significant difference in the number of
subjects with one or more mild exacerbations (Active - 5
(22%) vs. Placebo - 13 (62%), p=0.016). There was no
significant difference in the number of subjects with severe
exacerbations (two and three subjects respectively, p=0.9). 

Average daily dose of fluticasone was median 250 mcg
(IQR 250-250) for Active group subjects (regular plus

Active (n=23) Placebo (n=21)

Females, n (%) 13 (57%) 15 (71%)

Age, years, mean (range) 37.3 (19–68) 41.4 (20–73)

Duration of asthma yrs, 

mean (range) 24.6 (4–50) 21.9 (3–60)

Non-smoker/ex-smoker, n 17 / 6 16 / 5

Atopic, n (%) 20 (87%) 19 (90%)

Clinic lung function

FEV1 % predicted1 96.6 (89.7–103.5) 102.0 (95.5–108.6)

PEF % predicted1 102.4 (95.7–111.1) 108.6 (100.1–117.2)

FeNO, ppb, geometric 

mean (95% CI) 21.6 (17.1–27.2) 16.5 (12.3–22.2)

DRR, %/µmol2 10.96 (3.00–23.52) 5.67 (1.62–18.66)

AQLQ2 0.40 (0.15–0.70) 0.25 (0.10–0.50)

Electronic Diary Data

Morning FEV1 % predicted1 87.1 (80.7–93.5) 89.7 (83.0–96.4)

Morning PEF % predicted1 95.4 (89.3–101.4) 101.2 (93.2–109.2)

% Symptom-free days2 91.7 (73.0–100.0) 100.0 (66.7–100.0)

% Reliever-free days2 100 (86.7–100.0) 93.3 (80.0–100.0)

Reliever use, puffs/day2 0.0 (0.0–0.14) 0.1 (0.0–0.18)

1 Mean (95% confidence interval), 2 Median (IQR)

Atopic – defined as having one or more skin test responses with 

mean diameter >3mm and greater than the negative control. 

FeNO = exhaled nitric oxide, measured offline at 200ml/sec; upper limit 

of normal 13.2 ppb23. DRR = Dose Response Ratio, calculated 

from histamine challenge as % fall in FEV1 divided by cumulative dose 

of histamine in µmol, plus a constant of 3. AQLQ = Marks 

asthma-related quality of life questionnaire20, range 0-4 (best-worst).

Table 1. Demographic and baseline characteristics.

On treatment values1

Active Placebo Difference (95% CI) p value

Primary outcomes Morning PEF L/min 459.7 443.8 15.93 (12.44-19.42)2,3 0.0001

Morning FEV1 L 2.87 2.72 0.15 (0.114-0.184)2,3 0.0001

Secondary outcomes Morning PEF % predicted 101.60 98.06 3.54 (2.70-4.34)2 0.0001

Morning FEV1 % predicted 91.59 86.22 5.37 (4.30-6.44)2 0.0001

Clinic FEV1 % predicted 100.34 96.34 4.30 (1.25-7.36)2 0.007

FeNO, ppb 12.304 19.884 0.63 (0.52-0.75)5 0.0001

Symptom-free days, % 92.06 90.26 1.09 (0.99-1.18)7 0.07

Reliever-free days, % 93.86 91.36 1.05 (0.96-1.14)7 0.31

See text for airway hyperresponsiveness results.

1 Least squares means adjusted for baseline, except where otherwise indicated; 2 Difference between active and placebo treatment; 3 Also adjusted for 

age, gender and height; 4 Geometric mean values; 5 Ratio of FeNO in active group to FeNO in placebo group; 6 Median of post-randomisation period; 
7 Relative risk for symptom- or reliever-free day 

FeNO – exhaled nitric oxide, offline, flow rate 200mL/sec, normal value >13.2ppb23. 

Table 2. Effect of treatment on primary and secondary outcome variables.
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exacerbation treatment), and 44 mcg (0-58) for Placebo
group subjects (exacerbation treatment only), p<0.0001,
Mann-Whitney U-test. Adverse events occurred at similar
frequencies in both groups (see Appendix A at
www.thepcrj.org).

Discussion
This 11-month study demonstrated that in patients with mild
or well controlled asthma, regular treatment with low dose
inhaled fluticasone (250 mcg/day) led to significantly better
day-to-day lung function than did placebo. The double-blind
placebo-controlled design, with the addition of four weeks of
fluticasone in both groups for treatment of exacerbations,
meant that the study mimicked the effect of continuous vs
intermittent ICS. Subjects receiving placebo were nearly three
times more likely to experience a mild exacerbation. There
were also significant and clinically important treatment
benefits on markers of future risk such as clinic lung function,
airway hyperresponsiveness and exhaled nitric oxide, but no
significant differences for symptoms, reliever use, night
waking or asthma-related quality of life. 

The main criterion for selection of subjects with “mild”
asthma was that, at randomisation, they experienced
symptoms and used β2-agonist  for two days/week or less.
The possibility that low symptom-reporting may have been
due to poor perception was anticipated by excluding subjects
with moderate or severe airway hyperresponsiveness or
excessive PEF variability. At baseline, for the study population
as a whole, β2-agonist  use was reported less than weekly and
FEV1 was 99% predicted, considerably milder features than in
previous studies.15 However, 86% of subjects at entry had

airway hyperresponsiveness and/or elevated FeNO. This
indicates that there was underlying disease activity, including
in those patients already taking ICS at entry. Confirmation of
the diagnosis of asthma in patients with mild disease may be
difficult, since the objective tests commonly used for this
purpose in clinical trials are often only positive when asthma
is poorly controlled or severe, In this study, if historical
evidence of significant bronchodilator reversibility was not
available, confirmation was sought from two physicians
independently that the patient had a typical clinical history
consistent with asthma. 

The main limitation of the study is its small sample size.
We have become accustomed to large sample sizes in studies
powered on asthma exacerbations, but it is difficult to
incorporate detailed pathophysiological markers into such
studies. The study was appropriately powered for its primary
outcome variable, demonstrating that, when repeated
measures analysis and electronic monitoring are used, large
sample sizes are not required in order to show clinically
important and statistically significant differences in standard
clinical measures of asthma control and disease activity. 

The strengths of this study lie in the assessment of
objective disease markers, the selection of a heterogeneous
group of subjects with truly mild clinical manifestations of
asthma, and the use of electronic diary spirometers. With
real-time quality control, electronic monitoring provides high-
quality data24 about day-to-day asthma control (in this case,
symptoms, reliever use and lung function), which are not
adequately captured by interval questionnaires because of
recall bias or by paper diaries because of poor adherence and
data fabrication. Electronic diaries also reduce the burden of
monitoring for patients, enhancing adherence,25 and
increasing the number of data points, thus minimising the
required sample size. 

The primary outcome variables were daily morning PEF
and morning FEV1, assessed over the whole treatment period.
Despite near-normal lung function at entry, important and
significant treatment differences were seen in morning and
evening PEF and FEV1, around 16 L/min for PEF and 150 mL
for FEV1. Papi and colleagues also found significant
differences in morning and evening PEF in mild asthma
treated with regular beclometasone 500 mcg/day compared
with placebo.26 These findings contrast with those of two
other studies3,4 in mild persistent asthma, perhaps due to their
use of lower ICS doses (200 mcg budesonide), and our use of
continuous daily measurements over the whole treatment
period. Both the present and previous studies3,4,6 showed a
clinical benefit of low dose ICS on pre-bronchodilator clinic
lung function. Markers of disease activity such as AHR and
FeNO (used as a surrogate marker for eosinophilic airway
inflammation) are not often measured in clinical trials, but the
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Figure 2.  Morning FEV1 percent predicted over 11
months of treatment.

Solid triangles: fluticasone 125 mcg twice-daily, open squares: placebo. By

mixed model ANOVA, there was a significant difference between active and

placebo treatment (5.4 percentage points, 95% CI 4.3-6.4, p=0.0001). The

effect of treatment increased with time (p=0.0005, mixed model analysis).

Morning FEV1 was obtained from daily electronic spirometric monitoring.
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present study confirmed previous findings3 of significant
improvement in these measures during ICS treatment. Similar
effects on clinical, physiological and inflammatory markers
have been seen with moderate-to-high dose ICS.7,8 However,
the present study is the first to demonstrate these changes
with low dose ICS in patients with such mild clinical
manifestations of asthma.15

Not surprisingly, given that reliever use in the present
study averaged less than weekly at baseline, we found no
differences in symptoms, reliever use or quality of life
between ICS and placebo. In a recent study, significant
benefits were seen for symptoms and reliever use with regular
low dose ICS vs placebo, but these patients at baseline had
symptoms on about half of days.26 In very mild or well
controlled asthma, symptom frequency and reliever use
display genuine “floor” effects. However, the present study
showed that a “ceiling” effect for lung function, which is
sometimes assumed to prevail in mild asthma, does not exist
because even patients whose lung function is near to 100%
of the predicted normal value may have room to improve
their personal best further with treatment. 

These results highlight the difficulties in assessing priorities
for treatment decisions in mild asthma. The goals of asthma
treatment1 refer not only to relief and prevention of symptoms,
but also to the prevention of exacerbations and decline in lung
function, and avoidance of side effects of treatment. In
patients with mild asthma, symptoms are infrequent, and may
therefore carry little burden to patients, as indicated by the
near-normal quality of life scores in this and other studies.3

However, at a population level, mild asthma is associated with
substantial use of health care resources.27 Serious
exacerbations do occur in patients with mild asthma,6,28 even if
their baseline FEV1 is >80% predicted,6 and severe
exacerbations are significantly reduced by low dose ICS.4,6

Although large sample sizes and long-term studies are required
for the formal study of severe exacerbations, features such as
airway obstruction, airway hyperresponsiveness and airway
inflammation are independent predictors of exacerbations,29-31

and can be used as surrogate measures for future risk. Changes
in markers of disease activity cannot be ignored, because of their
implications at a population level for the prediction of
exacerbation risk. Likewise, low-dose ICS have been reported to
reduce significantly long-term decline in lung function5 although
this finding was not seen in another study,3 perhaps due to pre-
treatment with intense combined therapy, a treatment option
which is not normally used in mild     asthma. 

Demonstration of the efficacy of low dose ICS in disease
control and prevention of future risk in mild asthma may not
translate to the widespread adoption of such treatment.
Subjects in clinical trials may be more adherent with
medication and monitoring than patients in clinical practice.

As in diabetes and hypertension, in which symptoms also
relate poorly to long-term risks, patients with mild asthma
may perceive regular treatment to be unnecessary because
they have few symptoms, and because those that occur are
readily relieved by β2-agonist treatment. In addition, although
low dose ICS have few observed risks,32 they carry a
significant burden of perceived side-effects,33,34 and of cost to
the patient and the economy.9 For some patients, the risk and
cost of regular treatment will be unacceptable, and treatment
will continue to be taken on an intermittent basis. In this
study, the use of fluticasone only for four weeks after
exacerbations reduced the total daily fluticasone dose
(averaged for each patient over 11 months) from 250
mcg/day to 44 mcg/day. Although asthma outcomes were
worse in subjects randomised to regular placebo, intermittent
ICS treatment may be better than no treatment. Papi and
colleagues26 have shown that combination low dose
ICS/salbutamol, used as-needed for symptoms, provides similar
benefits to those obtained with regular twice-daily ICS, with a
much lower ICS dose. However, similar effects could not be
assumed to occur if ICS alone was used as-needed, without
immediate symptom relief to encourage patient use of the
inhaler. Studies with electronic monitoring of adherence are
urgently needed to characterise the relationship between
actual medication behaviour and clinical outcomes.

In summary, this study recruited patients with very mild
clinical manifestations of asthma, the majority of whom
would not normally receive regular ICS. We found significant
and clinically important differences between treatment with
low dose ICS and placebo in lung function and mild
exacerbations, and in markers of underlying disease activity,
which have been demonstrated to predict future risk to
patients. The low rate of symptoms and reliever use at entry
suggests that patient-centred features may not provide all of
the information that clinicians need in order to consider
whether patients with mild asthma would benefit from ICS
treatment. For such patients, discussion about low dose ICS
as a treatment option needs to encompass not only short-
term benefit, side effects and cost, but also long-term
reduction of risk. 
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A secondary hypothesis for this study was that patients who
ceased taking regular ICS, and took them only during
exacerbations, would develop more symptoms, poorer lung
function and other clinical features of poor asthma control
compared with patients who continued to take inhaled
corticosteroids over the same period.

In order to test this hypothesis, it was planned to examine
the effect of pre-randomisation use of ICS on the effect of
treatment on outcome variables, using an interaction term,
prior to the analyses described in the main paper. If this
analysis was significant (p<0.05), subsequent analyses were
to be performed separately by the two subgroups (ICS
use/non-use prior to entry). For this purpose, the main fixed
effects were treatment group, sub-group, and baseline
variable, and the interaction tested was treatment group by
subgroup. The coefficient and standard error for the
treatment group by subgroup interaction was used to test
and estimate the difference in treatment efficacy between the
subgroups. These analyses were specified prior to database
lock.
Results of subgroup analysis
Subgroup analysis for the effect of ICS use prior to entry was
carried out as planned. Fifteen subjects were using ICS prior
to entry (9 active, 6 placebo), and 29 were not (14 active, 15
placebo). There was a greater treatment effect for morning
PEF in subjects using ICS at entry (31.3 [24.0–38.7] cf. 9.4
[5.3–13.6] L/min) but the effect of ICS treatment vs placebo
was significant for both subgroups (p<0.0001 and p<0.0006
respectively). There was no significant interaction with ICS use
at entry for morning FEV1. For clinic lung function, the
treatment effect for PEF % predicted was seen only in the
subjects who were using ICS at entry (11.4% [6.5–16.3,
p=0.0003] cf. 2.5% [-2.7-7.8, p=0.33]), but the interaction
for FEV1 % predicted was not significant (p=0.24). There was
no significant interaction between previous ICS use and the
treatment effect on FeNO (p=0.7).
Interpretation of subgroup analysis
The number of subjects in each subgroup was small, so the
results need to be interpreted with caution. The greater
treatment effect which was seen for morning PEF and clinic
PEF in subjects who were taking ICS at entry initially appears
counter-intuitive, as one would expect less room for
improvement in those already taking ICS. Without electronic
recording of ICS use, it is not possible to be certain that
subjects who were previously prescribed ICS had actually
been taking this medication prior to entry, so their
subsequent improvement on active treatment may have

reflected improved adherence during the clinical trial.
However, examination of the results indicated that there were
no significant differences in baseline AHR or FeNO between
those using/not using ICS at entry, and the difference in
subgroup analysis was largely due to a greater deterioration
in those previously on ICS who were randomised to placebo.
In addition, the stratification of subjects into those taking or
not taking ICS at entry was based not on whether they had
been prescribed ICS but on their self-reported ICS use. In
many cases subjects reported poor or zero adherence with
previous prescriptions, information which (unlike self-
reported good adherence) is likely to be reliable.1 A more
likely explanation for the greater effect of regular fluticasone
treatment in subjects who had been taking ICS prior to entry
is that these subjects may have self-selected for ICS use prior
to entry on the basis of a previous experience of deterioration
when they stopped taking ICS. 

The fact that there was a significant difference in the sub-
analysis for PEF and not for FEV1 is not explained, but we have
previously noted greater ICS treatment effects on PEF than on
FEV1, when the PEF data were collected electronically from
spirometric manoeuvres.2 Examination of baseline clinic lung
function showed that although PEF % predicted was
somewhat higher in those previously receiving ICS (112.0 cf.
102.7 % predicted, p=0.11), there was no difference in FEV1

% predicted (101.2 cf 98.2 % predicted, p=0.5), suggesting
some mild mid-expiratory flow obstruction in the group
previously receiving ICS. This may have occurred by chance,
given the small numbers, or may have been related to
previous treatment.
Adverse events
Adverse events occurred at a similar frequency in both
groups, with the most common reported episodes being
respiratory tract infections (active: 18 subjects; placebo: 13
subjects). Fourteen subjects reported mouth/throat pain or
irritation (active: 7, placebo: 7), 4 reported dysphonia (active:
3, placebo: 1), and one reported easy bruising (placebo). Two
subjects in the placebo group discontinued because of
adverse events (one with three asthma exacerbations, one for
bronchitis). 
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