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ABSTRACT: There is increasing evidence that the assessment of eosinophilic airway

inflammation using induced sputum and measurement of airway hyperresponsiveness provides

additional, clinically important information concerning asthma control. The aim of this study was

to directly compare the effects of different treatments on these markers in patients with asthma

and persistent symptoms, despite the use of low-dose inhaled corticosteroids.

A double-blind four-way crossover study was performed, which compared a 1-month treatment

with budesonide 400 mg b.i.d., additional formoterol, additional montelukast and placebo in 49

patients with uncontrolled asthma despite budesonide 100 mg b.i.d., with each treatment

separated by a 4-week washout period.

The change in sputum eosinophil count with formoterol (2.4 to 3.8% change, 0.6-fold reduction,

95% confidence interval (CI) 0.5–0.9) differed significantly from placebo (2.8 to 2.5% change, 1.1-

fold reduction, 95% CI 0.7–1.6) and high-dose budesonide (2.7 to 1.6% change, 1.6-fold reduction,

95% CI 1.2–2.2). The effects of montelukast did not differ from placebo. The changes in

methacholine airway responsiveness were small and did not differ between treatments. High-dose

budesonide had the broadest range of beneficial effects on other outcomes, including symptom

scores, morning peak expiratory flow and forced expiratory volume in one second.

In conclusion, treatment given in addition to low-dose inhaled corticosteroids results in modest

benefits. Formoterol and high-dose budesonide have contrasting effects on eosinophilic airway

inflammation.
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A
considerable number of patients with

asthma remain symptomatic despite
treatment with low-dose inhaled corticos-

teroids. A large, primary care-based audit by
NEVILLE et al. [1] showed that nearly half of all
patients were taking low-dose inhaled corticos-
teroids in addition to as required b2-agonists and
that 54% of these were taking more than two
puffs of a b-agonist per day, suggesting the need
for a treatment step-up [1].

Presently, the clinician is faced with an increasing
number of treatment options for this important
group of patients, but relatively little data from
placebo-controlled comparative studies to guide
treatment decisions.

Many of the available studies examining the
effect of treatment options after low-dose
inhaled corticosteroids have assessed the effects

of treatment on measures of lung function and
symptoms [2–6]. However, recent studies have
suggested that the assessment of eosinophilic
airway inflammation [7, 8] and airway responsive-
ness [9] provides additional, clinically important
information on asthma control. No placebo-
controlled study has assessed the effects of
different treatment options after low-dose inhaled
corticosteroids on these important markers of
asthma control.

The current authors’ aims were to directly
compare the effects of higher-dose budesonide,
low-dose budesonide plus formoterol and low-
dose budesonide plus montelukast on the
induced sputum eosinophil count and methacho-
line airway responsiveness in a prospective,
double-blind, placebo-controlled, four-way cross-
over study of patients with symptomatic asthma
who met the criteria to warrant an increase in
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treatment. A secondary aim was to identify variables that
might be associated with the response to treatment.

METHODS

Subjects
Volunteers aged 18–75 yrs, diagnosed with asthma and being
treated with the equivalent of f400 mg?day-1 beclomethasone
dipropionate, were invited to participate in the study,
following advertisements in the local media. Subjects were
excluded if they were current smokers or had a smoking
history of .10 pack-yrs, had significant comorbidity, were
receiving oral corticosteroids, long-acting b2-agonists, leuko-
triene antagonists or theophylline, or had undergone an
asthma exacerbation or lower respiratory tract infection within
the 4 weeks prior to trial entry. All patients had symptoms
consistent with the diagnosis of asthma and one or more of the
following: 1) a .15% increase in forced expiratory volume in
one second (FEV1) following 200 mg of inhaled salbutamol; 2)
.20% within-day variability in peak expiratory flow (PEF)
assessed twice daily over a 2-week period; or 3) a provocative
concentration of methacholine causing a 20% fall in FEV1

(PC20) ,8 mg?mL-1. Subjects were established on a standard
dose of budesonide (100 mg b.i.d. via a turbohaler) for 4 weeks
before entry and were eligible to participate in the study if they
had recorded day- or night-time asthma symptoms on their
diary cards on at least 4 days in the third or fourth baseline
week. The local research ethics committee approved the study
and all patients gave written informed consent.

Measurements
Allergen skin-prick tests were performed for Dermatophagoides
pteronyssinus, cat fur, grass pollen and Aspergillus fumigatus
solutions with normal saline and histamine controls (Alk-
Abelló, Berkshire, UK). End-exhaled nitric oxide (NO) was
measured with a chemiluminescence analyser (Logan
Research, Rochester, UK) with subjects exhaling at a flow rate
of 250 mL?s-1. NO was sampled from a sidearm attached to the
mouthpiece and the mean NO value was taken from the point
corresponding to the plateau of the end-exhaled carbon
dioxide reading [9]. Methacholine challenge testing was
performed using the tidal breathing method with doubling
concentrations of methacholine (0.03–16 mg?mL-1) nebulised
via a Wright nebuliser [10]. FEV1 before and 20 min after
200 mg of salbutamol was inhaled was recorded on different
occasions, separated by at least 48 h from the methacholine
challenge. Symptoms over the previous week of treatment
were recorded on 100-mm visual analogue scales (VAS) from
no symptom (0 mm) to the most severe symptom (100 mm) for
breathlessness, wheeze and cough. The total VAS score (0–
300 mm) was calculated as the sum of the three individual
scores [7]. The JUNIPER et al. [11] Asthma Quality of Life
Questionnaire (AQLQ) was used to assess asthma-specific
quality of life. Sputum was induced and processed as
previously described [12]. An experienced observer blinded
to the study medication and clinical characteristics performed
the cell counts. The cell free sputum supernatant was removed
and stored at -80uC until analysis. The cysteinyl leukotrienes
(LT)C4/LTD4/LTE4 were measured in the sputum supernatant
using a commercial ELISA (Cayman Chemical, Ann Arbor, MI,
USA) with the standard curve spiked with dithiothreitol at
the same concentration as the unknown [13]. The intra- and

inter-assay coefficients of variability were ,10% and the lower
limit of detection was 13 pg?mL-1 of sample.

Patients completed daily diary cards throughout the study,
recording day- and night-time symptoms, twice daily PEF and
rescue b2-agonist use. Day- and night-time symptom scores
were recorded on a four-point scale as previously described [2,
7]. PEF was recorded as the best of three successive readings
using a Mini-Wright peak flow meter (Clement Clarke
International Ltd, Harlow, UK). Compliance was assessed by
tablet counting and by assessment of turbohaler use; it was
defined as acceptable if the subjects used .75% of the
recommended dose of study drug or placebo.

In a subgroup of 37 patients who gave their consent, the
current authors determined the genotype at the b2-adrenocep-
tor by allele-specific oligonucleotide hybridisation of genomic
DNA extracted from a 5-mL sample of whole blood, as
previously described [14, 15].

Study design
A randomised, double-blind, placebo-controlled, four-way
crossover study was performed. After recruitment, baseline
measurements were recorded and then patients underwent a
1-month run-in period during which they took budesonide
100 mg b.i.d. via a turbohaler along with salbutamol as required
for symptom relief. The patients then attended the clinic for
measurement of exhaled NO, spirometry, methacholine PC20,
AQLQ, VAS symptom scores and sputum induction (in this
order). Suitable subjects were randomised to receive one of the
following for a period of 1 month: 1) budesonide 100 mg b.i.d.
alone; 2) budesonide 400 mg b.i.d.; 3) budesonide 100 mg b.i.d.
and oral montelukast 10 mg q.d.; and 4) budesonide 100 mg
b.i.d. and inhaled formoterol 12 mg b.i.d. All inhaled study
medication was delivered via a turbohaler. Blinding was
maintained by issuing two identical turbohalers containing
active and placebo formoterol and 100 or 400 mg budesonide
(AstraZeneca, Lund, Sweden) and montelukast and placebo
tablets were each prepared in a single white capsule (Royal
Hallamshire Hospital Pharmacy Department, Sheffield, UK).
Patients then completed a 1-month washout period during
which they were maintained on budesonide 100 mg b.i.d. given
via an unblinded turbohaler and as required salbutamol only.
At the end of this time, clinical measurements were repeated
and patients crossed over to a second of the above four
treatments, which they received for a further 1-month period.
The process was then repeated until the subjects had received
each of the four treatments, with a 4-week washout period
between each. Clinical measurements were taken at the same
time of day, 12 h after the last dose of each treatment and at
least 6 h after the last dose of short-acting b2-agonist. The order
of treatments was randomly allocated to each patient.
Randomisation was performed by the Glenfield Hospital
Pharmacy Dept Leicester, UK.

Severe asthma exacerbations were defined as a decrease in the
morning PEF .30% below the baseline value on o2
consecutive days, or deterioration in symptoms requiring
treatment with oral corticosteroids [2]. If a severe exacerbation
occurred, this was treated with prednisolone 30 mg q.d. for 2
weeks followed by a 6-week washout period of budesonide
100 mg b.i.d. and as required salbutamol only. Patients who
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experienced two severe exacerbations were withdrawn from
the study.

Statistical analysis
The primary outcome variables were the change from the pre-
treatment baseline in the methacholine PC20 (in doubling
concentrations), fold change in sputum eosinophil count and
the change in global VAS symptom score. Secondary outcome
measures were the change from the pre-treatment baseline in
FEV1, total AQLQ score, fold change in exhaled NO and the
change in morning PEF calculated as the mean change between
the final week of the washout period and the final week of
treatment. Based on a conservative estimate of within-subject
standard deviation of one doubling dose, 10 mm and two-fold
difference for methacholine PC20, symptom scores and sputum
eosinophils [10, 16, 17], a total of 40 patients were required for
an 80% chance of detecting a one doubling-dose difference in
change in methacholine PC20, a two-fold difference in sputum
eosinophil count between treatment and a 20-mm difference in
total VAS symptom scores at the 5% level.

Patients who had a severe exacerbation during a treatment
month were assigned the lowest observed value for the change
in each outcome measure for that treatment. If a treatment was
stopped early due to adverse effects, measurements were taken
within 12 h of the last dose of treatment and the results were
included on an intention-to-treat basis. Patients who withdrew
from the study for reasons other than a severe exacerbation
were assigned the mean value for the change in each outcome
variable.

Induced sputum eosinophil counts, exhaled NO concentrations
and methacholine PC20 were log 10 normally distributed and
were expressed as the geometric mean¡log10 SE. Age and age
at onset were expressed as median (range). All other baseline
variables were expressed as mean¡SD. Primary and secondary
outcome measures were compared between groups using a

two-way ANOVA with the least significant difference test for
multiple comparisons. Period and order effects were investi-
gated using analysis of covariance. The current authors
explored the relationship between baseline bronchodilator
response, cysteinyl-leukotriene concentrations, sputum eosi-
nophils and response to treatment using the Pearson correla-
tion coefficient. The effect of b2-adrenoceptor genotype and
subsequent change in primary outcome variables was com-
pared between placebo treatment and formoterol by an
unpaired t-test. The Chi-squared test was used to compare
the numbers of patients having severe asthma exacerbations
during each of the treatment periods.

RESULTS
A total of 66 patients were recruited into the study, of which 49
were randomised. Ten patients withdrew early and therefore
failed to complete one or more of the study treatments.
Baseline demographic data and lung function are given in
table 1. All subjects were judged to have acceptable compli-
ance. There were no period or order effects and pre-treatment
values were well matched for each outcome variable (table 2).
The number of patients completing each treatment is given in
figure 1 and table 3. A total of 18 severe exacerbations
occurred during the following treatment periods: washout
periods (n57); high-dose budesonide (n51); formoterol (n52);
montelukast (n54); and placebo (n54). The difference in
exacerbation frequency between treatments was not significant
(p50.46).

Primary outcome variables

Sputum eosinophils
There was a significant difference in the fold change in the
sputum eosinophil count across the groups (p50.005; table 3;
fig. 2.) The change in sputum eosinophil count with formoterol
(2.4 to 3.8%; 0.6-fold reduction; 95% confidence interval (CI)
0.5–0.9) differed significantly from placebo (2.8 to 2.5%; 1.1-
fold reduction; 95% CI 0.7–1.6; p50.03) and high-dose
budesonide (2.7 to 1.6%; 1.6-fold reduction; 95% CI 1.2–2.2;
p,0.001).
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FIGURE 1. Trial profile.

TABLE 1 Baseline characteristics

Baseline characteristics

Patients n 49

Male n 25

Age yrs 42 (19–73)

Age at onset yrs 13.5 (1–67)

Atopic n 37

FEV1 % pred 74.8¡3.1

FEV1/FVC ratio % 67.6¡2.2

Increase in FEV1 post-bronchodilator % 13.2¡1.5

.15% increase in FEV1

post-bronchodilator n

15

PEF amplitude % 13.1¡1.4

Data are presented as n, median (range) or mean¡SEM. FEV1: forced

expiratory volume in one second; % pred: % predicted; FVC: forced vital

capacity; PEF: peak expiratory flow.
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Methacholine PC20

There were no significant differences in the doubling concen-
tration change in methacholine PC20 between any of the
treatment groups and placebo nor across the individual
treatments (table 3; fig. 2).

Symptom scores
Higher-dose budesonide resulted in a significant improvement
in the global VAS symptom score compared with low-dose
budesonide plus placebo (mean difference 21.3 mm; 95% CI -
39.8– -2.9; p50.023). Additional montelukast and additional
formoterol did not result in significant improvements in VAS
symptom scores compared with placebo and the difference
across the four treatment arms was of borderline statistical
significance (p50.05; table 3; fig. 2). There was no significant
difference in the change in daytime symptom scores (p50.8),
night-time symptom scores (p50.28), symptom-free days
(p50.10) or rescue b2-agonist use (p50.16) across the four
treatment arms (table 3).

Secondary outcome variables
Morning peak expiratory flow
Significant differences in the change in mean morning PEF
over the final week of treatment were observed across the four
treatments (p50.019; table 3). A significant improvement in
mean morning PEF was seen with both high-dose budesonide
(16.3 L?min-1; 95% CI 3.8–28.8; p50.01) and additional for-
moterol (17.2 L?min-1; 95% CI 4.7–29.7; p50.007) compared
with placebo.

Fold change in exhaled nitric oxide
There was a significant difference in the fold change in exhaled
nitric oxide (eNO) across the groups (p50.011; table 3). The
change in eNO with high-dose budesonide differed signifi-
cantly from the change seen with placebo (mean (95% CI)
difference 1.86 (1.21–2.86) fold; p50.005) and formoterol (mean
(95% CI) difference 1.95 (1.27–3.00) fold; p50.003).

Pre-bronchodilator FEV1

The difference in pre-bronchodilator FEV1 across the four
treatment arms did not reach statistical significance (p50.133).

Change in total AQLQ score
There were no significant differences in the change in the total
AQLQ score across the four treatments (p50.81).

Subgroup analyses
The response to any of the treatments studied was not
influenced by atopic status, degree of acute bronchodilator
reversibility, pre-treatment sputum eosinophil counts, or
pre-treatment sputum cysteinyl-leukotriene concentrations.
Compared with heterozygotes/Gly–Gly homozygotes (n519/
10), homozygous Arg-16 patients (n56) responded less well to
formoterol (doubling dose change in PC20 -1.08 versus 1.05;
mean (95% CI) difference -2.13 (-0.04– -4.2); p50.046; change in
FEV1 -0.38 versus 0.02 L; mean difference 0.40 (0.09–0.71);
p50.014), but there was no difference in the change in sputum
eosinophils (2.2¡0.1% to 3.1¡0.2% compared with 3.8¡0.3%
to 13.2¡0.3%; p50.14). In contrast, homozygous Gln-27
patients (n515) had a better anti-inflammatory response to
high-dose inhaled steroids than heterozygotes/Glu–Glu homo-
zygotes (n520/2; fold reduction in sputum eosinophils 3.01
versus 1.25; mean difference 2.40 (1.14–5.01 concentration);
p50.023).

DISCUSSION
This is the first placebo-controlled comparison of the treatment
options for patients with symptomatic asthma, despite low-
dose inhaled corticosteroids and the first to examine the effect
on airway inflammation and airway responsiveness. Overall,
the benefit provided by each of the additional treatments on
the primary outcome measures in this group of patients was
minor; there was important heterogeneity of treatment
response, particularly in the effects of treatment on eosino-
philic airway inflammation.

TABLE 2 Pre-treatment results

Budesonide

High-dose

budesonide

Low-dose plus

formeterol

Low-dose plus

montelukast

Low-dose plus

placebo

Methacholine PC20 mg?mL-1# 0.39¡0.1 0.37¡0.1 0.28¡0.1 0.29¡0.1

Sputum eosinophil count %# 2.6¡0.1 2.2¡0.1 2.0¡0.1 2.8¡0.1

Sputum neutrophil count % 52.3¡3.9 54.3¡3.7 60.4¡3.6 53.8¡3.2

Total VAS score mm 0–300 72.8¡8.5 75.6¡9.2 79.6¡9.5 73.8¡7.9

Daytime symptom scores 0–3 0.56 (0.08) 0.58 (0.08) 0.61 (0.09) 0.62 (0.07)

Night-time symptom scores 0–3 0.24 (0.08) 0.20 (0.06) 0.21 (0.07) 0.18 (0.05)

Symptom free days/weeks 1.67 (0.41) 1.68 (0.39) 2.33 (0.77) 1.57 (0.39)

Rescue b2-agonist use inhalations?day-1 1.72 (0.33) 1.95 (0.40) 2.09 (0.37) 1.84 (0.34)

Morning PEF 417¡14 423¡12 418¡13 418¡14

FEV1 L 2.52¡0.1 2.51¡0.1 2.54¡0.1 2.51¡0.1

Total AQLQ score 1–7 5.6¡0.1 5.5¡0.1 5.5¡0.1 5.5¡0.1

eNO ppb# 6.2¡0.1 5.4¡0.1 6.5¡0.1 6.2¡0.1

Data are presented as mean¡SE. PC20: provocative concentration causing a 20% fall in forced expiratory volume in forced expiratory volume in one second (FEV1); VAS:

visual analogue scales; PEF: peak expiratory flow; AQLQ: Asthma Quality of Life Questionnaire; eNO: exhaled nitric oxide. #: geometric mean¡log10 SE
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Recent studies have emphasised the importance of the
measures chosen as the current study’s primary outcomes by
showing that management strategies that aim to normalise
eosinophilic airway inflammation [7, 8] or airway hyperre-
sponsiveness [9] are associated with important reductions in
the frequency of asthma exacerbations. The present study was
powered to show the effects that have been previously
identified as being clinically significant [10, 17] and are
equivalent, or greater, than have been shown to be associated
with reduced exacerbation frequency [7, 9]. In corticosteroid-
naive asthma, the introduction of inhaled corticosteroid
treatment results in 1–4 doubling dose improvements in
airway responsiveness [16, 18] and 6–10-fold reductions in
the sputum eosinophil count [16, 19]. The much smaller effects
seen in this study indicate that most patients who are
symptomatic, despite taking low-dose inhaled corticosteroids,
are near the top of the dose–response curve for these variables.
The VAS symptom scores and morning PEF were more
responsive in the current study, emphasising the complex
relationship between airway inflammation, airway responsive-
ness, simple tests of airway calibre and clinical expression of
the disease. It is possible that more clear evidence of efficacy
would be apparent in a more symptomatic population,
although all the present patients met current criteria for a
step-up in treatment [20] and had day- and night-time
symptom scores and impairment of lung function comparable
to those seen in the Formoterol and Corticosteroids
Establishing Therapy (FACET) study [2]. These factors suggest
that the subjects included in the present study are likely to be
representative of the wider population of patients in whom
additional treatment has been evaluated. The patients who
completed the present study had to remain free from
exacerbations for 5 months on low-dose inhaled corticosteroids
only; this factor should be considered when generalising the
current findings to a wider population.

The relative efficacy of the treatments differed considerably
with the different outcome variables studied. The most striking
example of this can be seen with the contrasting effects of
formoterol and high-dose budesonide on markers of eosino-
philic airway inflammation. The current findings with for-
moterol contrast with those of KIPS et al. [21], who studied the
effects of low-dose budesonide plus formoterol versus high-
dose budesonide on sputum inflammatory cells in a subset of
the participants of the FACET study. They found a slight
increase in the sputum eosinophil count in the budesonide
plus formoterol group compared with the groups treated with
higher-dose budesonide. This increase did not reach statistical
significance, although there were clinically important differ-
ences in the level of eosinophilic airway inflammation in the
two groups at baseline, which complicate the interpretation of
these data. Bronchial biopsy studies of the effects of long-
acting b2-agonists on airway inflammation in asthma have
neither shown an increase in mucosal eosinophil numbers nor
consistent evidence of anti-inflammatory effects [22–24]. One
way to reconcile the current findings with those of the
bronchial biopsy studies is that b2-agonists increase trafficking
of eosinophils away from the airway mucosa into the airway
lumen rather than an increase in eosinophilic airway inflam-
mation per se.

Eosinophilic airway inflammation has been implicated in the
pathophysiology of severe asthma exacerbations [7, 25]. There
were no significant differences in exacerbation frequency
between the treatment arms in the present study, although it
was not powered to show this. However, there is considerable
evidence from appropriately designed studies that the addition
of formoterol to inhaled corticosteroids is associated with a
reduction in the frequency of asthma exacerbations [2, 3]. In
contrast, the regular use of short-acting b2-agonists has been
associated with increased eosinophilic airway inflammation
[26] and exacerbation frequency in some [27], but not all

TABLE 3 Change from baseline in primary and secondary outcome variables

Budesonide

High-dose Low-dose plus

formeterol

Low-dose plus

montelukast

Low-dose plus

placebo

Patients completing treatment 42 40 43 41

Methacholine PC20 doubling dose 0.4 (-0.2–1.0) 0.2 (-0.5–1.0) 0.4(-0.3–1.0) 0.1 (-0.4–0.6)

Sputum eosinophils fold reduction 1.6 (1.2–2.2) 0.6 (0.5–0.9) 0.8 (0.5–1.3) 1.1 (0.7–1.6)

Daytime symptom score 0–3 -0.07 (-0.22–0.87) -0.16 (-0.29–0.33) -0.09 (-0.27–0.10) -0.07 (-0.20–0.06)

Night-time symptom score 0–3 -0.06 (-0.19–0.07) -0.04 (-0.13–0.04) -0.10 (-0.24–0.03) 0.05 (-0.06–0.16)

Symptom free days/weeks 0.45 (-0.31–1.21) 1.35 (0.62–2.08) 1.29 (0.29–2.27) 0.21 (-0.50–0.92)

Rescue b2-agonist use inhalations?day-1 -0.06 (-0.71–0.59) -0.30 (-1.05–0.45) -0.60 (-1.14–0.06) 0.90 (-0.70–2.50)

VAS symptom score mm -12.6 (-22.7– -2.6)* -3.5 (-15.2–8.2) 10.1 (-9.3–29.5) 5.5 (-10.0–21.1)

Morning PEF 15.2 (6.4–24.0)* 16.4 (8.3–24.6)* 4.9 (-5.1–14.9) -1.3 (-12.2–9.5)

FEV1 L 0.07 (0.01–0.12)* -0.05 (-0.15–0.06) -0.05 (-0.13–0.03) -0.07 (-0.20–0.05)

Total AQLQ 0.2 (0.0–0.4) 0.1 (-0.2–0.4) 0.2 (0.0–0.4) 0.0 (-0.2–0.3)

eNO fold reduction 1.3(0.9–1.8)* 0.7 (0.5–0.9) 0.9 (0.7–1.2) 0.7 (0.5–1.0)

Data are presented as n or mean (95% confidence intervals). PC20: provocative concentration causing a 20% fall in forced expiratory volume in one second (FEV1); VAS:

visual analogue scales; PEF: peak expiratory flow; AQLQ: Asthma Quality of Life Questionnaire; eNO: exhaled nitric oxide. *: p,0.05 ANOVA.
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studies [28]. The absence of a deleterious effect of formoterol
on exacerbation frequency in earlier, appropriately powered
studies [2, 3] suggests that the changes in sputum eosinophil
count observed with formoterol treatment in the present study
are not clinically relevant. However, the current authors could
not discount the possibility that long-acting b2-agonists are
associated with an increase in the frequency of exacerbations
that are particularly associated with increased eosinophilic
airway inflammation and a reduction in the frequency of other
events that are less dependent on airway inflammation [29].

The current authors have considered whether the increased
eosinophilic inflammation that was observed with formoterol
in the present study is due to patients reducing their inhaled
corticosteroid dose because of improved control of symptoms.
It is thought to be unlikely, since all treatment was given
double blind and compliance was carefully assessed through-
out the study. However, this may be an issue when inhaled
corticosteroids and long-acting b2-agonists are used separately
in the community. Recent studies have shown that regular
treatment with inhaled salbutamol in patients who are
homozygous for Arg–Arg at position 16 leads to a deteriora-
tion in lung function [30] and is associated with an increased
risk of asthma exacerbations [31]. In the present study, patients
carrying this genotype responded less well to formoterol in
terms of lung function and airway hyperresponsiveness,
although the increased eosinophilic airway inflammation
observed with formoterol was not confined to this group.
However, due to the small numbers, the present authors
cannot exclude the possibility that increased airway inflamma-
tion with regular b2-agonists is a particular problem in patients
with the Arg–Arg genotype; further studies are needed to
investigate this possibility. The demonstration of an improved
anti-inflammatory effect in homozygous Gln-27 patients was
unexpected. The present authors recognise that multiple
outcomes were studied in this report and this difference may
have emerged by chance. Further work is required to
determine whether this effect is real and to investigate the
mechanism.

Previous studies of long-acting b2 agonists [2–5] or montelu-
kast [6, 32] given to patients who remain symptomatic despite
low-dose inhaled corticosteroids have reported greater
improvements in symptoms and morning PEF than those seen
in the present study. In contrast, the current authors have
demonstrated rather greater benefits from a high dose of
inhaled corticosteroids than has previously been reported [2–
5]. The present study involved shorter treatment periods than
other studies, but this is unlikely to have biased the results in
favour of inhaled corticosteroids since montelukast and
formoterol reach their maximum effect earlier than inhaled
corticosteroids [2, 6, 32]. The possibility that the masking of
montelukast in a capsule reduced its bioavailability cannot be
excluded, although there is no strong biological rationale for
such an effect. A more likely explanation for these discrepan-
cies between studies is the patient population studied. Unlike
previous studies, the current study was not confined to
recruiting subjects who demonstrated a marked acute bronch-
odilator response, a population who might be particularly
likely to respond to a long-acting b2-agonist [33]. The fact that
the only other study that had entry criteria similar to the
present study showed no significant improvement in FEV1,
methacholine airway responsiveness, symptom scores or
exacerbation rates when salmeterol was added to beclometha-
sone supports this interpretation [34]. The current authors did
not find a relationship between bronchodilator response (or
indeed any other of the variables measured) and the effect of
treatment, although this was a relatively small study and the
treatment effects were small so the power to demonstrate such
a relationship was low.

In conclusion, the treatment over 4 weeks given in addition to
low-dose inhaled corticosteroids resulted in modest benefits in
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FIGURE 2. Mean net change in primary outcome compared with change in

placebo. Vertical lines represent 95% confidence intervals. VAS: visual analogue

scales; PC20: provocative concentration causing a 20% fall in forced expiratory.
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patients who met the criteria for a step-up in treatment.
Furthermore, the response to individual treatments appears to
differ with the outcome variable, particularly with markers of
eosinophilic airway inflammation. The current findings
emphasise the complex relationship between different patho-
physiological aspects of asthma. Further studies addressing the
effects of treatment on a range of outcome variables in larger
numbers of unselected patients are required.
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