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An inhaled steroid improves markers of airway inflammation in 
patients with mild asthma

A. Jatakanon, S. Lim, K.F. Chung, P.J. Barnes

Airway inflammation is central to the pathophysiology
of asthma [1] and anti-inflammatory drugs have become
the mainstay of treatment in chronic asthma. Inhaled corti-
costeroids are the most potent anti-inflammatory drugs
currently available and have now become the first-line ther-
apy in patients with persistent asthma [2]. Early introduc-
tion of inhaled steroids is now recommended [3] as it may
improve lung function [4] and prevent complications, such
as irreversible airway damage or exacerbation [5]. How-
ever, few studies have compared the effect of inhaled steroids
and placebo on airway inflammation in the same subjects,
possibly owing to the lack of noninvasive methods that can
be used repeatedly and effectively to evaluate the severity
of airway inflammation.

Analysis of induced sputum has become an accepted
method of assessing the inflammatory events that occur in
asthmatic airways [6–8]. Different methods of sputum
induction and processing have been developed, which are
well tolerated and reproducible in terms of cellular and
soluble markers of airway inflammation [9, 10]. Increased
numbers and activation of eosinophils in induced sputum
are common findings in asthmatic patients, as compared
with normal subjects [6, 7]. The percentage of eosinophils
in sputum is increased in asthmatics during exacerbations
[11] or after allergen challenge [12]. In contrast, sputum

eosinophil numbers are reduced after corticosteroid treat-
ment, in association with an improvement in airway func-
tion and asthma symptoms [13, 14]. There is also evidence
to suggest that sputum eosinophilia or eosinophil cationic
protein (ECP) levels in sputum can reflect the severity of
airway inflammation [15, 16]. Therefore, monitoring of
eosinophil numbers in induced sputum could be a simple
objective measure to reflect the severity of inflammation
in asthma airways.

Exhaled nitric oxide (NO) levels are elevated in asth-
matic patients untreated with inhaled steroids as compared
with normal subjects [17]. The acute inflammatory res-
ponse induced by allergen challenge in the airways is
accompanied by elevated exhaled NO levels [18]. The lev-
els are decreased following treatment with corticosteroids
[19] but unchanged after treatment with a bronchodilator
alone [20]. Recently, a relationship has been demonstrated
between exhaled NO levels, sputum eosinophil numbers
and airway hyperresponsiveness in asthmatic subjects not
treated with inhaled steroids [21]. This suggests that mon-
itoring of exhaled NO levels may also be useful as an indi-
cation of the inflammatory status of the airways.

The aim of this study was to evaluate the beneficial ef-
fect of corticosteroid treatment in subjects with mild as-
thma who required less than one puff of inhaled β2-agonist
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ABSTRACT: Airway inflammation can be demonstrated in mildly asthmatic patients
who are not treated with inhaled steroids. Current guidelines recommend that
inhaled steroids should be introduced in mild asthmatics who use an inhaled β2-ago-
nist more than once daily. It was postulated that inhaled steroids can have anti-
inflammatory effects in patients with even milder disease.

The effect of 4 weeks of treatment with budesonide (800 µg twice daily by Turbo-
haler®) was studied in 10 steroid-naïve mildly asthmatic patients (forced expiratory
volume in one second (FEV1) = 96±1.4% predicted) who required an inhaled β2-ago-
nist less than one puff daily, in a double-blind, placebo-controlled, crossover fashion.
Spirometry, exhaled nitric oxide (NO), bronchial responsiveness (provocative concen-
tration causing a 20% fall in FEV1 (PC20)), and sputum induction were performed
before and after each treatment period.

Following budesonide treatment, there were significant improvements in FEV1,
and PC20, in association with a significant reduction in the percentage of eosinophils
in induced sputum. Exhaled NO levels tended towards reduction, but the change was
nonsignificant. There were also nonsignificant reductions in sputum eosinophil cati-
onic protein and tumour necrosis factor-α levels.

In conclusion inhaled budesonide can lead to improvements in noninvasive mark-
ers of airway inflammation, in association with a small improvement in lung function,
even in mildly asthmatic patients who require an inhaled β2-agonist less than once
daily. This suggests a potential benefit of inhaled corticosteroids, even in relatively
asymptomatic asthma.
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daily by monitoring lung function and noninvasive mark-
ers of airway inflammation, such as sputum eosinophil
numbers and exhaled NO. No previous studies have com-
pared these parameters in the same patients in a double-
blind, placebo-controlled manner.

Material and methods

Subjects

Ten nonsmoking, stable, atopic, asthmatic patients (table
1) who only needed β2-agonist therapy on demand were
recruited into the study. Stable asthma was defined as hav-
ing a prebronchodilator forced expiratory volume in one
second (FEV1) Š80% predicted, no oral or inhaled steroid
use, and no history of an exacerbation within the previous
12 months. All patients had a history of wheezing and
chest tightness, were previously diagnosed by a physician
as having asthma and had a provocative concentration of
methacholine producing a 20% fall in FEV1 (PC20) ð4
mg·mL-1. The study protocol was approved by the Ethics
Committee of the Royal Brompton Hospital.

Study design

The study was double-blind, randomized and crossover
in design. Following the screening visit, patients were ran-
domly allocated to receive either inhaled budesonide in a
dry powder inhaler (Turbohaler®) 800 µg b.i.d. (group 1)
or matching placebo (group 2) for 4 weeks. The washout
period was 4 weeks between treatment periods 1 and 2.
FEV1, exhaled NO, PC20 and sputum induction were mea-
sured consecutively before and after each treatment pe-
riod. Patients recorded morning and evening peak flow
rate (best of three) using a mini-Wright peak flow meter

(Clement Clarke International, Essex, UK), symptom scores
(asthma during the day, asthma during the night and early
morning tightness, ranging 0 to 3 for each item) and the
need for inhaled β2-agonist daily on diary cards provided.

Lung function

FEV1 and forced vital capacity (FVC) were measured
by dry spirometry (Vitalograph, Buckingham, UK). The
best value of the three manoeuvres was expressed as a per-
centage of predicted value. Morning and evening peak ex-
piratory flow (PEF) was measured using a mini-Wright peak
flow meter.

Bronchial responsiveness

Bronchial responsiveness was measured by inhalation
methacholine challenge, with a doubling concentration of
methacholine (0.06–32 mg·mL-1) delivered by dosimeter
(Mefar, Bovezzo, Italy) [22]. The aerosols were inhaled at
tidal breathing, wearing a noseclip. A total of five inhala-
tions of each concentration were administered (inhalation
time 1 s, breath-holding time 6 s). FEV1 was measured 2
min after the last inhalation, until there was a fall in FEV1
of Š20% compared with the control inhalation (0.9% sal-
ine solution) or until the maximal concentration was in-
haled. The PC20 was calculated by interpolation of the
logarithmic dose-response curve.

Exhaled nitric oxide measurement

End-exhaled NO was measured by a chemilumines-
cence analyser (Model LR2000; Logan Research, Roches-
ter, UK) using a previously described method [23]. In brief,
subjects exhaled slowly at a flow rate of 5–6 L·min-1 from
total lung capacity (TLC) over 30–40 s through a mouth-
piece. NO was sampled from a side-arm attached to the
mouthpiece. The mean value was taken from the point
corresponding to the plateau of the end-exhaled CO2 read-
ing (5–6% CO2) and representing the lower respiratory tract
sample. Results of the analyses were computed and graph-
ically displayed on a plot of NO and CO2 concentrations,
pressure and flow against time.

Sputum induction and processing

Sputum induction was performed 15 min after patients
recovered from the methacholine challenge test. Spirome-
try was recorded 15 min after 200 µg of inhaled salbuta-
mol via a metered-dose inhaler. Subjects were instructed
to wash their mouth thoroughly with water. They then in-
haled 3.5% saline at room temperature nebulized by an
ultrasonic nebulizer (DeVilbiss Co., Heston, UK) at the
maximum saline output (4 mL·min-1). Subjects were en-
couraged to cough deeply at three-minute intervals until
the 15-minute induction time had been completed. Mouth-
washing before each cough was encouraged in order to
minimize salivary contamination. The initial sample from
the first cough was discarded. Sputum was collected into a
50 mL polypropylene tube, kept at 4°C, and processed
within 2 h.

Table 1.  –  Patients characteristics

Patient
No.

Age
yrs

Sex FEV1
% pred

PC20
mg·mL-1

DSS* β2-agonist
needed

puffs·day-1

Group 1 (Budesonide/Placebo)

1
2
3
4
5

Mean
SEM

24
31
28
27
28
27.6
1.1

F
F
M
F
F

120.3
86.7
90.5

100.0
90.5
97.6
6.1

0.88
2.69
1.36
0.71
1.31
1.24†

1.26†

1.1
1.1
0
0
0.7
0.6
0.2

0.9
0.4
0
0
0
0.3
0.2

Group 2 (Placebo/Budesonide)

1
2
3
4
5

Mean
SEM

25
29
36
26
29
29
1.9

M
F
F
F
F

116.3
83.5
98.2
96.1
80.0
94.8
6.4

0.53
0.06
1.0
1.16
0.18
0.37†

1.75†

0.1
0.9
1.9
0
0.6
0.7
0.3

0.3
0.9
0.9
0
0.8
0.6
0.2

*: mean daily symptom score (DSS) (minimum = 0, maximum =
9); †: geometric mean and geometric SEM. FEV1: forced expira-
tory volume in one second; PC20: provocative concentration of
methacholine causing a 20% fall in FEV1; F: female, M: male.
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Spirometry was repeated after sputum induction. If there
was a 15% drop in FEV1, the subject would be required to
stay for observation until FEV1 had returned to the base-
line.

For sputum processing, 2 mL Hank's balanced salt solu-
tion (HBSS) containing 1% dithiothreitol (DTT) (Sigma
Chemicals, Poole, UK) was added to the sputum. The mix-
ture was vortexed and repeatedly aspirated at room tem-
perature until the sputum was homogenized. Samples were
left at room temperature for 5 min. The sputum volume
was then recorded, further diluted with HBSS up to 10
mL, vortexed briefly and centrifuged at 400×g for 10 min
at 4°C. The final concentration of DTT in all specimens
was 0.2%.

Sputum supernatants were kept at -70°C for subsequent
cytokine assays. The cell pellets were resuspended. Total
cell counts were performed on a haemacytometer using
Kimura stain. An adequate sample was defined as having
the number of squamous epithelial cells in fresh sputum
specimen <50% of the number of inflammatory cells. Slides
were prepared using cytospin (Shandon, Runcorn, UK)
and stained with May-Grünwald Giemsa for differential
cell counts, which were performed by an observer blind to
the clinical characteristics of the subjects. At least two
slides were used for counting and at least 300 inflamma-
tory cells were counted on each slide. The reproducibility
of differential cell counts performed on 18 paired samples
obtained from the same asthmatics within 1–2 weeks
showed intraclass correlation coefficients of 0.75 for eosi-
nophils, 0.78 for neutrophils, 0.76 for macrophages and
0.56 for lymphocytes.

Eosinophil cationic protein assay

All sputum supernatants were recentrifuged at 10,000×g
for 5 min before the assay was performed. ECP concentra-
tions were measured by radioimmunoassay (Pharmacia &
UpJohn Diagnostics, Uppsala, Sweden). The detection lim-
it of the assay was <2 mg·L-1. Reproducibility of the assay,
assessed from 18 paired samples collected within 1–2
weeks, showed an intraclass coefficient of 0.8.

Tumour necrosis factors-α assay

Tumour necrosis factors-α (TNF-α) in sputum superna-
tant was measured using an amplified sandwich enzyme-
linked immunosorbent assay (ELISA) by the technique
described previously [8]. The detection limit of the assay
was <8 pg·mL-1. Reproducibility of the assay, performed
on 15 pairs of samples within an interval of 1–2 weeks,
showed an intraclass correlation coefficient of 0.8.

Data analysis

Data are expressed as mean±SEM unless stated otherwise.
PC20 were log transformed before analysis and ex-pressed
as geometric mean values. ECP and TNF-α levels
reported were corrected according to the dilutional factor
and sputum volume. Firstly, the carryover effects of budeso-
nide on the outcomes measured were determined accord-
ing to standard recommended guidelines [24]. Only when
this was not demonstrable, was the effect of budesonide
treatment evaluated. The mean values of morning PEF,
PEF variability (maximal amplitude %), total symptom
scores, and use of reliever inhaler (puffs·day-1) calculated
from the last 7 days of each treatment period were used to
evaluate the treatment effects. A two-sample t-test or an
equivalent Mann-Whitney test was used for analysis. A p-
value of <0.05 was considered significant.

Results

All patients completed the study. The subjects' charac-
teristics at baseline are summarized in table 1. There were
no significant differences in baseline airway function,
PC20, asthma symptom scores or daily requirements for
inhaled β2-agonist between the two groups. Data on main
outcomes such as FEV1, sputum eosinophils, exhaled NO
and PC20 at baseline and after each treatment period are
shown in table 2.

Table 2.  –  Forced expiratory volume in one second (FEV1), sputum eosinophils, exhaled nitric oxide (NO) and provocative
concentration of methacholine causing a 20% fall in FEV1 (PC20) at baseline, following budesonide (Bud) and placebo
treatments

FEV1 L·min-1 Sputum eosinophils % Exhaled NO ppb PC20 log transformed

Patient 
No.

B1 P1 B2 P2 B1 P1 B2 P2 B1 P1 B2 P2 B1 P1 B2 P2

Sequential group 1 (period (P1): budesonide treatment; period 2 (P2): placebo treatment)

1
2
3
4
5

Mean

3.9
3.0
3.7
3.1
2.8
3.28

3.7
3.0
4.7
3.3
2.8
3.46

3.6
3
4.4
3.1
2.8
3.38

3.4
2.8
4.8
3.2
2.5
3.34

2.0
0.5
1.1
2.3

13
3.8

1.0
0
0.2
0.3
5
1.3

0.5
0
0.5
2

12
3.0

0
0.2
0
1.7
8
2.0

60
21
76
18
32
41.4

20
5

35
10
40
22

37
21
35
16
30
27.8

34
23
25
15
25
24.4

-0.055
0.43
0.133

-0.148
0.118
0.095

0.46
0.87
1.204
0.9
0.6
0.806

-0.439
0.301

-0.124
0.9

-0.183
0.091

-0.903
0.602
0.301
0

-0.696
-0.139

Sequential group 2 (period (P1): placebo treatment; period (P2): budesonide treatment)

1
2
3
4
5

Mean

5.0
3.7
3.3
3.2
2.5
3.54

5.0
3.2
3.3
3.2
2.4
3.42

4.3
3.1
3.3
3.2
3.4
3.46

5.2
3.3
3.4
3.4
3.4
3.74

3
12

6.8
0.4

15.8
5.5

7.3
9
4.3
2
7
3.3

8.2
16
0.8
0.5
3.7
4.0

0
6.8
0.3
0
0.3
2.1

55
90
15
16
24
40

53
65
33
11
20
36.4

65
65
30
18
24
40.4

19
17

8
12
18
14.8

-0.275
-1.22
0
0.064

-0.747
-0.435

-0.6
-0.9
-0.6
0.114

-0.73
-0.543

-1.22
-1.22
-0.1
-0.602
-0.045
-0.677

0.517
-0.3
0.9
0.467

-0.343
0.248

B1: baseline 1; B2: baseline 2; parts per billion.
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Sputum characteristics

As the effect of budesonide treatment on sputum ECP
and TNF-α levels may be confounded by salivary contam-
ination, comparisons between specimens collected after each
treatment in terms of volume, total number and proportion
of squamous cells were made. There were no significant
differences in sputum volume (2.7±0.5 and 3.7±0.7 mL),
total number of squamous epithelial cells (0.09±0.03 and
0.1±0.03×106·mL-1) or proportion of squamous epithelial
cells (18.0±3.2 and 22.7±4%) between the samples col-
lected after treatment.

Treatment with budesonide resulted in a significant re-
duction in sputum eosinophil number (p<0.005, table 3).
The proportion of eosinophils following budesonide and
placebo treatments were 1.4±0.8 and 4.0±1.1% respec-
tively. There were no significant effects of budesonide on
total cell count, macrophages (%), neutrophils (%) and
lymphocytes (%), ECP or TNF-α in induced sputum.

Compared with placebo, treatment with budesonide re-
sulted in a significant increase in mean PC20 (table 3). The
PC20 following budesonide and placebo treatment was
3.37±1.44 and 0.53±1.48 mg·mL-1, respectively (p<0.001).
FEV1 and morning PEF (table 3) were also improved fol-
lowing budesonide (3.6±0.2 and 474±35 L·min-1 respec-
tively) compared with placebo (3.4±0.3 and 450±33 L·min-1)
(p<0.05). No significant changes in mean symptom scores,
PEF variability or the use of rescue β-agonists were dem-
onstrated (table 3). Exhaled NO levels were decreased fol-
lowing budesonide treatment (18.4±3.6 ppb) compared
with placebo (30.4±5.3 ppb), but this failed to reach the
level of significance (p=0.07, table 3).

Discussion

This double-blind, placebo-controlled, crossover study,
evaluated the anti-inflammatory effect of an inhaled corti-
costeroid on noninvasive markers of airway inflammation
and lung function in steroid-naïve asthmatic patients with
normal lung function who required rescue, short-acting
β2-agonist less than one puff daily. The results indicate a
potential benefit of corticosteroid treatment, as there was a
reduction in sputum eosinophil numbers in association

with an improvement in airway function and airway hy-
perresponsiveness. The associated reduction in exhaled NO
level following budesonide treatment, even though not sta-
tistically significant (p=0.07), indicates that inhaled cor-
ticosteroids may have a suppressive effect on inducible
nitric oxide synthase (iNOS) gene expression in airway epi-
thelial and inflammatory cells [25]. The clinical utility of
exhaled NO for monitoring asthma control, however, re-
mains to be established, especially in subgroups of patients
with more severe asthma.

Current asthma treatment guidelines propose restoring
normal or best lung function and preventing both short-
term and long-term complications such as an exacerbation
or irreversible airway damage [3]. Monitoring lung func-
tion, PEF variability, asthma symptoms and the amount of
rescue β2-agonist required daily is recommended to assess
the control of asthma. In these patients with mild asthma,
however, no significant changes in these parameters could
be demonstrated, except for a small improvement in air-
way function. This implies that a small change in airway
inflammation may not be effectively monitored by these
conventional measures. Monitoring noninvasive markers
of airway inflammation may provide additional informa-
tion regarding the change in airway inflammation, espe-
cially in patients with very mild asthma. However, it is
necessary to emphasize that the anti-inflammatory effects
of inhaled steroids could be either dose or time dependent
[26] and a high dose of inhaled steroids for 4 weeks was
used in this study. With differing dosages and different
treatment periods, each inflammatory marker may show
different degrees of responsiveness to inhaled steroids.
For example, a rather slow responsiveness of PC20 to
inhaled steroids has been demonstrated previously [27];
therefore, it may not be useful as a marker of early res-
ponse to low-dose inhaled steroids. Prospective studies to
compare dose-responsiveness to inhaled steroids of spu-
tum eosinophils, PC20, and exhaled NO are required to
establish further their clinical utility.

The failure to demonstrate significant decreases in spu-
tum measurements could be due to the very mild severity
of asthma studied. This may affect the level of mediators
in the sputum. Low levels of ECP and TNF-α were meas-
ured in the sputum of these patients, with little room for

Table 3.  –  Effects of budesonide on airway function, sputum eosinophils and inflammatory mediators, exhaled nitric oxide
(NO), provocative concentration of methacholine causing a 20% fall in the forced expiratory volume in one second (PC20)
and asthma symptoms

Group 1* (Bud-Pla) Group 2* (Pla-Bud) Mean difference
groups 1 and 2

Treatment effect
p-value

Carryover effect
p-value

FEV1 L·min-1

MMF L·min-1

Sputum eosinophils %
ECP ng·mL-1

TNF-α pg·mL-1

Exhaled NO ppb
Log PC20
PEF variability %
Total symptom scores
Reliever inhaler puffs·day-1

0.2±0.0
26±11

-0.7±0.7
-139±316
-55±113
-2.4±6.4
0.94±0.19
-1.8±3.5
0.0±0.3

-0.2±0.2

-0.4±0.2
-23±16
4.4±1.1
-49±50
-37±22

21.6±9.3
-0.79±0.22

1.3±2.3
0.0±0.6
0.1±0.9

0.5±0.2 (0.1–0.9)
49±20 (2–95)

-5.1±1.3 (-8.1–2.0)
-90±320 (-828–648)

-17.4±115 (-329–295)
9.6±6.7 (-50.2–2.2)

1.73±0.29 (1.1–2.4)
-3.2 (-12.9–6.5)
0.0 (-1.5–1.4)
-0.4 (-2.5–1.8)

<0.05
<0.05
<0.005

NS

NS

=0.07
<0.001

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

Data are presented as mean±SEM (95% confidence interval of mean). Group 1 received budesonide (Bud) treatment first, followed by
placebo (Pla). Group 2 received placebo treatment first, followed by budesonide. *: The values measured at the end of first treatment
period minus the same values measured at the end of the second treatment period (group 1: Budesonide - Placebo; group 2: Placebo -
Budesonide). MMF: mean morning peak expiratory flow: ECP eosinophil cationic protein; TNF-α: tumour necrosis factor-α; PEF:
peak expiratory flow; FEV1: forced expiratory volume in one second.
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improvement following corticosteroid treatment. There is
evidence to suggest that ECP and cytokine levels in spu-
tum reflect asthma severity [16, 28]. In order to demon-
strate a statistically significant reduction in sputum ECP, a
wider range of asthma severity, including subjects with more
severe asthma, may be needed, as demonstrated in a pre-
vious study [14]. This could also explain the lack of dif-
ference in TNF-α levels after budesonide and placebo
treatments. In addition, there is evidence that TNF-α may
not be sensitive to the anti-inflammatory effects of cor-
ticosteroids [14]. Another potential shortcoming of using
the whole expectorate to monitor cytokine levels in ind-
uced sputum is dilution with saliva. The variable amounts
of salivary contamination within the whole expectorate may
also influence the outcome of sputum measurements. This
was less likely to occur in the present study, as an attempt
was made to minimize this by instructing patients to rinse
their mouth before producing sputum. In addition, the vol-
ume of expectorate and number of squamous epithelial
cells were compared within samples and there were no sig-
nificant differences. These results, therefore, emphasize the
significance of cellular monitoring but question the sensi-
tivity of monitoring soluble mediator and cytokine con-
centration in induced sputum obtained from very mildly
asthmatic patients.

In conclusion, even in relatively asymptomatic asthmat-
ics, inhaled steroids can lead to improvements in noninva-
sive markers of airway inflammation, as well as a small
improvement in lung function. This indicates a potential
benefit of inhaled steroids in asymptomatic asthma. How-
ever, long-term studies are required to justify the clinical
benefit of early steroid treatment in very mild asthma.
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