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Exhaled NO and assessment of anti-inflammatory effects of inhaled
steroid: dose-response relationship
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ABSTRACT: Exhaled nitric oxide (eNO) is an easily measured marker of airway
inflammation. This study was undertaken to evaluate the usefulness of serial eNO in
investigating the dose-response relationship for inhaled beclomethasone (BDP), and to
compare eNO with other markers of airway inflammation.

Following withdrawal of inhaled corticosteroid (ICS) therapy, 65 patients entered a
double-blind, parallel-group, placebo-controlled trial of 50, 100, 200 or 500 pg-BDP-day™
for eight weeks. eNO and spirometry were performed weekly and a hypertonic saline
challenge with sputum induction was performed at the beginning and end of treatment.

The relationship between the dose of ICS and changes in eNO and forced expiratory
volume in one second (FEV1) was linear at 1 week and at the end of treatment. A linear
dose-response relationship was also seen for sputum eosinophils. Changes in eNO
correlated significantly with changes in sputum eosinophils. Changes in the provocative
dose of saline causing a 15% fall in FEV1 saline did not differ across the treatment
groups nor did they correlate with changes in other measurements.

Exhaled nitric oxide may be used to assess the dose-response relationship for the anti-
inflammatory effects of inhaled beclomethasone. The relationship found in this study
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was linear over the dose range 0-500 pg-day™
continued over time.
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Inhaled corticosteroids (ICS) are the most effective
treatment for airway inflammation in asthma [I].
Their use results in an improvement in symptoms and
lung function, as well as in reductions in inflammatory
cells in bronchial biopsies [2] and induced sputum [3].
As a result, airway hyperresponsiveness (AHR) is also
reduced [4, 5]. Current guidelines recommend the use
of ICS therapy in all but the mildest asthma [6]. The
guidelines are based on the assumption that treating
airway inflammation leads to improvement in asthma
control. However, several studies have demonstrated
incongruities in the relationship between both symp-
toms and lung function and airway inflammation
[7-9]. This raises questions as to whether the primary
goal when using ICS is to achieve symptom control,
optimise lung function, minimise airway inflammation
or reduce AHR.

In the past, dose-response relationships for ICS have
been described using symptoms and lung function as
the main outcome variables. Although a dose-response
relationship exists for these end points, it may plateau
at a relatively low dose. Thus, there may be some
difficulty in differentiating between the effects of
adjacent doses [1, 10]. Other studies have shown that
dose-response relationships vary when other end points
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are used [11]. For example, much higher doses of ICS
are required to control airway hyperresponsiveness
than symptoms [11, 12]. There are fewer data to clarify
these relationships for airway inflammation, even
though control of airway inflammation is the primary
reason for administering these drugs. Such informa-
tion might be clinically helpful in assessing the relative
efficacy of different ICS doses and as a guide to opti-
mising long-term therapy.

Exhaled nitric oxide (eNO) is a repeatable, easily
measured marker of airway inflammation [13, 14]. High
levels are seen in both steroid-naive asthma [15] and
during acute exacerbations [16, 17]. Furthermore, levels
decrease following treatment with both inhaled [3, 18,
19] and oral steroids [20]. These results suggest that
eNO may be a useful end point in measuring the dose-
response relationship for the effect of ICS therapy on
airway inflammation.

Recently the current authors have confirmed the
usefulness of eNO measurements in predicting deterio-
ration in asthma control when ICS are withdrawn
[17]. In this follow-up study the aim was to evaluate the
usefulness of serial eNO measurements in measuring
the anti-inflammatory effects of different doses of inhaled
beclomethasone (BDP), and to make comparisons
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with other end points including lung function, sputum
eosinophils and AHR to hypertonic saline.

Methods
Subjects

Patients with mild-to-moderate asthma [21] on main-
tenance ICS therapy were recruited. Patients were
excluded (because the study involved withdrawal of
ICS treatment) if they had a history of acute asthma
requiring hospital admission, asthma characterised by
sudden attacks, or had used oral prednisone during
the previous 3 months.

Study design

Following run-in, ICS therapy was discontinued.
Patients were reviewed weekly until "loss of control”
developed, or for a maximum of 6 weeks. Those who
did not develop loss of control were then withdrawn.
Loss of control was defined by predetermined criteria
[17] consisting of: 1) a fall in the mean (over the last
7 days) morning peak expiratory flow rate (PEFR)
of >10% from baseline, or a fall in either morning
or evening PEFR on two consecutive days to <80%
of baseline; or 2) mean daily bronchodilator use of
>3 puffs longer than during run-in; or 3) nocturnal
wakenmg with asthma symptoms on >3 nights-
week™! greater than during the run-in; or 4) asthma
symptoms which were disagreeable or dlstressmg

Following loss of control, patients received 20 mg
prednisone orally for 2 days in order to alleviate their
deteriorating symptoms. Although this may theoreti-
cally have influenced interpretation of subsequent
ICS effects at 1 week, this strategy was necessary for
reasons of safety. Patients were randomised to receive
double-blind ICS treatment for 8 weeks, taking one
puff from two identical metered-dose inhalers (Auto-
haler 3M Pharmacueticals St Paul, MN, USA) labelled
"morning" and "evening". The treatments were: placebo
(placebo twice daily (b.i.d)); 50 pg- day™ (50 e BDP
in the morning, placebo at night); 100 pg: day™ (100 Hg
BDP in the morning, placebo at night); 200 pg-day
(100 ug BDP b.i.d); 500 pg-day™ (250 ug BDP b.i.d).

Those patients who experienced significant worsen-
ing of their asthma while taking the randomised medi-
cation were withdrawn from that treatment group,
given 20 mg prednisone orally for a further 2 days,
and entered 1nto an open label treatment arm of
1,000 pg-day™ (2 puffs of 250 pg BDP b.i.d).

Following randomisation (visit 1), patients were
reviewed weekly for the first 4 weeks (visits 2-5) and
then at the end of treatment (8 weeks, visit 6). Those
patients whose ICS dose needed to be increased to
1,000 pg- day™! were also reviewed weekly for 4 weeks
and again at the end of 8 week's treatment.

Study procedures

Diurnal PEFR, bronchodilator use and symp-
tom scores were recorded on a daily record card.

Measurements of eNO and spirometry were made at
each study visit and a hypertonic saline challenge with
sputum induction was performed at the beginning and
end of treatment.

Exhaled nitric oxide. eNO was measured prior to all
other study procedures using a calibrated chem-
iluminescence analyser with on-line measurement of
single exhalations according to a standard protocol
[13, 14], with the exception of flow rate (250 mL-s™)
(the study was commenced prior to the publication
of consensus guidelines). eNO levels were read at
the plateau corresponding to 70-80% of the carbon
dioxide curve. These readings were made at a later
date by a person blinded to the patient’s clinical
status.

Hypertonic saline challenge. AHR to hypertonic saline
(4.5%) was measured using a modified standardised
protocol [22, 23]. Spirometry was performed 1 min
after each saline nebulisation. The challenge was
discontinued when a 20% fall in forced expiratory
volume in one second (FEV1) occurred or a cumulative
inhalation time of 20 min was reached. The PD1s was
calculated as the cumulative provocation dose of saline
causing a 15% fall in FEV1.

Sputum induction. During the hypertonic saline chal-
lenge patients were encouraged to produce sputum
between nebulisations. If a 20% fall in FEV1 occurred
before an adequate sputum sample was obtained, inhaled
salbutamol was administered and sputum induction was
continued for a maximum cumulative time of 20 min.
Once an adequate sputum sample was obtained the
whole specimen (sputum plus saliva) was analysed using
a standardised method [24]. Cell viability was assessed
by the trypan blue exclusion test, and a cell count was
performed by haemocytometer. Cytospin slides were
stained with May-Grunwald-Giemsa stain and a total
of 400 nonsquamous cells were counted on two occa-
sions. Where the difference between the two counts was
>10% for any cell type then the count was repeated
twice and the mean for all four was recorded.

Ethical considerations and safety

Each patient’s asthma control was monitored closely
throughout the study. For ethical reasons, loss of
control criteria included symptoms that were "dis-
agreeable or distressing" irrespective of PEFR changes.
All patients were provided with an individualised
self-management plan, an emergency card, and a
supply of prednisone tablets. Patients had 24-h access
to one of the study investigators via the hospital paging
system. In addition, recognising that ICS withdrawal
had the potential to result in poor asthma control,
each patient was telephoned by a study investigator on
days 1 and 3 following randomisation. Ethical appro-
val was obtained from the Otago Ethics Committee
and informed consent was obtained from all study
participants.
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Statistical analysis

The primary outcome of the study was to assess
whether a dose-response relationship exists between
inhaled corticosteroid dose in the range 0-500 pg-day™
and changes in eNO. Comparisons were made with
sputum eosinophils, FEV1 and PD15 saline. Data were
analysed on an intention-to-treat basis using analysis
of covariance, adjusting for values at randomisation
and for patients who for reasons of safety were later
switched durmg the active treatment phase to receive
1000 pg-day'. Polynomial contrasts were fitted across
the randomisation groups to establish the nature of the
dose-response relationships. PD15 saline values were
analysed as doubling-dose change from baseline. Esti-
mated marginal means were calculated, and post-hoc
analysis of pairwise between-dose comparisons were
made, with Bonferroni adjustments for multiple com-
parisons. Pearson’s correlations were calculated to
assess the relationship between eNO, sputum eosino-
phils, FEV1 and PD15 saline at randomisation and at
the end of the study.

At the time the study was designed there was no
information on which to make power calculations.
Based on anecdotal evidence it was calculated that 15
patients per group would offer >80% power to detect
a difference of >0.8 sp between groups. Although this
afforded sufficient power to detect a linear trend
across the groups, this was not determined a priori.

Results
Randomisation
Eighty-seven patients entered the study. Three

patients withdrew consent prior to ICS withdrawal.
Sixty-five patients (77%) developed loss of control and
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were randomised into one of the five treatment
groups. Demographic data are given in table 1. Data
for study end points measured at baseline (before
withdrawal of ICS, visit 0) and at randomisation (visit
1) are shown in table 2.

Treatment withdrawals

One patient randomised to receive 500 pg-day™ was
withdrawn at visit 1 due to the severity of their
asthma, and was not considered further in the
analysis. Twenty-five of the remaining 64 patients
developed worsening of their asthma after randomi-
sation and were entered into the open-label
1,000 pg-day!' arm of the study. The number of
patients withdrawn from each of the treatment groups
was six, five, eight, four, and two in the placebo, 50,
100, 200, and 500 ug-day™! BDP groups, respectively.
Comparisons between those who withdrew from the
randomised treatment arm and those who completed
treatment are shown in table 2. There were no
significant differences between these two groups for
eNO, sputum eosinophils or PD15 saline at the time of
randomisation. Those who withdrew had a lower
FEV1 % predicted than those who did not withdraw
(73.9 versus 82.5%, respectively, p=0.005). Those who
withdrew also had a higher dose of maintenance ICS
at study entry (mean (95% confidence interval (CI?
776 (635-917) pg-day’ and 614 (536-694) pg-day”
respectively, p=0.042).

Dose-responses

Changes in eNO and FEV1 (at 1 week and at the
end of treatment) and in sputum eosinophils, and

Table 1.—Demographic data for the randomised study participants

Total Treatment group
Placebo 50 pg-day™! 100 pg-day™! 200 pg-day™ 500 pg-day’!
Number of patients n 65 13 14 14 12 12
Number switched 25 6 5 8 4 2
to 1000 pg-day™!
Male:female 22:43 4:9 6:8 7:7 2:10 3:9
Age yrs (range) 42.4 42.5 43.3 44.7 41.2 39.6
(19-64) (19-61) (19-63) (21-59) (24-60) (19-64)
Duration of asthma 27.0 30.3 30.6 22.5 31.2 20.2
yrs (range) (4-60) (4-60) (6-60) (4-48) (12-55) (4-40)
Skin test positive n (%) 60 (92.3) 12 (92 3) 14 (100) 12 (85.7) 12 (100) 10 (83.3)
Exsmokers:nonsmokers 9:56 2:11 2:12 1:11 3:9
ICS dose pg-day™! 658 731 550 700 671 642
(BDP equivalent) (100-1600) (100-1600) (200-1000) (200-1600) (200-1000) (200-1000)
FEVI L 2.81 2.50 291 2.94 2.62 3.04
(2.61-3.00) (2.07-2.94) (2.39-3.45) (2.42-3.45) (2.15-3.09) (2.60-3.48)
FEV1 % pred 90.8 83.7 91.0 91.9 85.2 102.5
(86.3-95.2) (71.3-96.1) (82.1-99.8) (82.2-101.5) (71.6-98.8) (93.9-111.0)
FEVI/FVC % 70.8 68.3 70.6 69.1 69.7 76.9
(68.1-73.6) (59.5-77.1) (64.4-76.7) (62.2-76.0) (63.2-76.3) (72.2-81.5)

Data are presented as mean (95% confidence intervals) unless otherwise stated. ICS:

inhaled corticosteroids; BDP:

beclomethasone; FEV1: forced expiratory volume in one second; FVC: forced vital capacity.
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Table 2. —Data for study end-points measured at baseline (visit (V) 0) and at randomisation (V1)

Subjects eNO ppb FEV1 %pred Sputum eosinophils % PD1s5 saline mL
n
Vo Vi Vo Vi Vo Vi Vo Vi
Treatment group

Placebo 13 9.6 20.9 85.4 82.0 4.8 6.0 17.0 12.5
(6.4-12.7) (12.2-29.6) (72.1-98.8) (67. 8 96 3) (0-12.6) (2.1-9.9) (8.2-25.8) (3.5-21.5)

50 pg-day! 14 11.6 22.1 87.5 3.6 10.0 15.0 11.0
(6.8-16.3) (14.0-30.2) (76.2-98.8) (66. 1 89 3) (0-79) (0.7-19.3) (8.6-21.4) (3.6-18.4)

100 pg-day™ 14 13.8 32.1 914 75.1 8.5 31.9 15.9 13.3
(7.3-20.3) (18.8-45.4) (81.4-101.5) (65.7-84.5) (0-18.2) (15.3-48.6) (7.0-24.7) (5.4-21.2)

200 pg-day™ 12 11.3 29.9 89.0 73.9 1.4 16.4 20.1 8.4
(7.9-14.7) (13.3-46.6) (76.1-101.9) (59.7-88.1) (0.5-2.2) (3.8-29.0) (11.4-28.9) (1.9-14.8)

500 pg-day! 12 114 25.2 100.2 87.9 1.9 22.8 15.7 13.2
(4.4-18.3) (12 6-37.8) (92.2-108.2) (75.2-100.5) (0.1-3.8) (3.6-42.1) (8.0-23.5) (3.5-22.8)

Completed 40 4.6 82.5 17.8 12.1
(18. 5 30.8) (76.4-88.6) (10.4-25.3) (8.0-16.1)

Withdrew 25 28.2 73.9 17.3 11.8
(19.6-36.8) (64.9-82.9) (7.5-27.2) (5.8-16.8)

Data are presented as mean (95% confidence interval). eNO: exhaled nitric oxide; FEV1: forced expiratory volume in one
second; PD15 saline: the cumulation provocative dose of saline causing a 15% fall in FEV1.

PDi5 saline (at the end of treatment) are shown in
figs. 1 and 2, respectively.

There was a significant linear relationship between
ICS dose and each of the following: changes in eNO at
1 week and end of treatment (p=0.022 and p=0.015,
respectively); changes in FEV1 at 1 week and end of
treatment (p=0.043 and p=0.006, respectively); and
changes in sputum eosinophils at the end of treat-
ment (p=0.037). There was no significant relationship
between ICS dose and the change in PD15 saline. All
of these comparisons were adjusted for baseline
measurements and changes in numbers due to wrth—
drawals. When those entering the 1,000 pg-day™ arm
were excluded from the analysis the 51gn1ﬁcance of the
linear relationship seen across the groups for changes
in eNO persisted (p=0.003), however, the linear relation-
ship seen with FEV1 and sputum eosinophils became
nonsignificant.

In assessing the between-dose effects of ICS therapy,
pairwise comparisons for each of the treatment groups
were performed. There were significant differences i in
eNO between 100 pg-day™ and both 200 and 500 pg: day
at 1 week (p<0.05 for each), and between 500 pg-day™
and both placebo and 100 pg-day™ and at the end of
treatment (p=0.01 and p=0.023, respectively). For FEV1 ,
there was a significant difference between 500 pg-day”
and placebo at the end of treatment (p=0.04) but not
for any of the other between-dose comparisons Like-
wise, the only significant difference in sputum eos1no—
phrls with treatment occurred between 100 pg-day™
and 500 pg-day™ (p=0.049). No other significant differ-
ences were found using pairwise comparisons. There
were no significant differences in PD15 saline between
treatments.

Correlations between inflammatory markers

Correlations between eNO, sputum eosinophils,
PDi5 saline and FEV1 % pred at baseline and
following treatment (expressed as absolute values

and as changes from baseline) are shown in table 3.
Significant correlations were found between eNO
and sputum eosinophils throughout the study. Also,
changes in eNO correlated significantly with changes
in sputum eosinophils. Changes in PD15 saline did not
correlate with changes in any of the other markers.

Discussion

In this study it has been demonstrated that eNO
measurements provide useful information regarding
the dose-response relationship for the anti-inflammatory
effects of ICS. This has potential practical impor-
tance not only to facilitate the monitoring of anti-
inflammatory treatment in individual patients, but
also in assessing the efficacy of different inhaled corti-
costeroids at different doses. A significant linear
relationship between the change in eNO and the dose
of ICS used (over a range 0-500 pg-day™ of BDP) was
found in patients with moderate bronchial asthma in
whom ICS had been withdrawn and loss of control
occurred. This ensured that airway inflammation was
sufficient for anti-inflammatory effects to be measured.
The linear dose-response relationship was significant
as early as 1 week after commencing therapy, and con-
tinued to 8 weeks, indicating that eNO measurements
are not only rapidly responsive to changes in airway
inflammation but that they also reflect the ongoing
anti-inflammatory action of ICS therapy with time. A
similar linear dose-response relationship was also
found with FEV1 at 1- and 8-week's treatment. In a
recently reported investigation SILKOFF et al. [25]
have also demonstrated a stepwise decrease in eNO
over a dose range of 0-800 pg-BDP-day™ in patients
with elevated levels of eNO. The results of the present
study go further. The highly significant correlation
between changes in eNO and changes in sputum eosi-
nophils, together with a linear dose-response rela-
tionship between ICS dose and changes in sputum
eosinophils at the end of treatment confirm that the
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Fig. 1.—Percentage change in a) exhaled nitric oxide (eNO) and b)
forced expiratory volume in one second (FEV1) after 1 week (N)
and at the end of the 8 weeks ((J) of inhaled corticosteroid treat-
ment. Data are presented as mean+95% confidence intervals. Data
were derived from all patients, but adjusted for differences in
baseline measurements and the numbers of patients remaining in
the group at each time point. a) There was a significant difference
across treatments at 1 week (p=0.005) and at the end of treatment
(p=0.015). These differences were linear (p=0.022 and p=0.003,
respectively). b) There was a significant difference across treatment
groups at 1 week (p=0.014) and at the end of treatment (p=0.036).
These differences were linear (p=0.043 and p=0.006, respectively).

dose-related decreases occurring in eNO correspond
to a reduction in airway inflammation and provide
validation of the primary outcome of the study.

It has been shown previously that changes occur-
ring in eNO are seen in association with changes in
other markers of airway inflammation following treat-
ment with inhaled budesonide [26] and fluticasone [3].
However, the present study is the largest to date in
which dose-dependency for these anti-inflammatory
effects has been investigated. WiLsoN and LiPwoRTH
[27] have reported that at doses of >400 pug budeso-
nide daily (the first step in their dose-ranging study for
budesonide), no further reduction in eNO occurred
despite further dose-related improvements in FEV1
and sputum eosinophil cationic protein. In a smaller
study, JATAKANON et al. [28] reported that despite
continuing reductions in sputum eosinophils at doses
up to 1,600 pg budesonide-day™’, changes in eNO
reached a plateau at 400 pg-day™'. In contrast, in the
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Fig. 2.—a) Percentage change in sputum eosinophils at the end of
treatment. There was a significant linear relationship across the
treatment groups (p=0.037). b) Doubling dose changes in cumula-
tive provocative dose of saline causing a 15% fall in forced
expiratory volume in one second (PDi5 saline) at the end of
treatment. No significant differences were seen across the treat-
ment groups (p=0.837). Data are presented as means+95%
confidence intervals. Data are derived from all patients, but
adjusted for baseline measurements and the numbers of patients
remaining in the group at each time point.

present study the dose-response relationship between
eNO and ICS was linear and there was no evid-
ence of a plateau over the range of doses studied
(0-500 pg-day™), with similar outcomes observed for
both sputum eosinophils and FEV1. However, the
current study is not able to offer comment on whether
or not a plateau to the dose-response relationship occurs
with doses >500 pg-day™.

The apparent conflict between these results and
those of previous studies may be due to differences in
asthma severity at the time of the investigation. In the
current study, treatment was withdrawn until loss of
control occurred and those who did not exhibit loss of
control were excluded. A similar study design has been
used by other investigators when evaluating the dose-
response for ICS [29, 30]. The rationale for this
approach is that the therapeutic ratio for ICS may be
influenced by asthma severity: patients with milder
asthma may have little room for improvement. This
may have influenced the results of previous studies
[27, 28]. This is supported further by the findings
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Table 3.—-Correlations between various markers of airway
inflammation and lung function

Correlation Visit 1 Visit 6 AVisit (6-1)
eNO versus r=0.519 1=0.548 r=0.403
% eosinophils p<0.001%  p<0.001%  p=0.002%
eNO versus =-0.352 =-0.270 =0.192
PD15 saline p=0.003%  p=0.051 p=0.187
eNO versus =-0.169 =0.021 =-0.252
FEV1 % pred p=0.125  p=0.870 p=0.045%
% eosinophils versus  1=-0.254  r=0.185 1=0.045
PD15 saline p=0.040%  p=0.204 p=0.771
% eosinophils versus  1=-0.262 =0.015 =-0.585
FEV1 % pred p=0.023*  p=0913  p<0.001%
PDi5 saline versus =0.420 =0.533 =0.092
FEV1 % pred p<0.001%  p<0.001*  p=0.529

eNO: exhaled nitric oxide; PD15 saline: cumulative provo-
cative dose of saline causing a 15% fall in forced expiratory
volume in one second (FEV1).

of SILKOFF et al. [25] who noted that patients with
higher baseline eNO demonstrated dose-response reduc-
tions over a higher dose range (0-800 pg-BDP-day™)
than those with lower levels of eNO at baseline
(0-200 pg-BDP-day™).

There are a number of potential criticisms of the
current study. Firstly, the range of doses of BDP to
which patlents were randomised did not include
1,000 pg-day™'. This was because of earlier suggestions
that not only were eNO measurements very sensitive
to changes in ICS dose, but that the clinical benefits of
ICS were limited at higher doses [31], even in patients
with severe asthma [32]. Therefore, the current authors
wished to address the possibility that there is a
threshold for the anti-inflammatory effects of ICS
within the lower dose range. Secondly, the study
model which was employed ie. withdrawal of ICS
prior to beginning the randomised phase of the study
[33], resulted in a significant number of patients whose
asthma remained uncontrolled after randomisation.
For ethical reasons these patients were re-allocated
to receive 1,000 pg-day'. The analysis was on an
intention-to-treat basis, and therefore included statis-
tical adjustments for those patients who were changed
to the higher dose. When analysed Ppost- -hoc as a separate
treatment group, the patients rece1v1ng 1,000 pg-day™’
did provide useful information: in th1s group eNO
levels at week 8 were higher (mean eNO, 17.3 parts per
billion (ppb) (95% CI 11.1-23.5)) than patients
receiving 500 pg-day™! (mean eNO, 10.4 ppb (95%
CI, 4.4-16.4)). Because of selection bias the difference
between the groups was not formally analysed. How-
ever, this suggests that despite higher doses of ICS,
eNO levels remain elevated in a subset of patients with
more severe asthma [34], reflecting ongoing airway
inflammation in this subgroup, and confirming the
need for higher doses of ICS. Finally, despite finding
a linear relationship between eNO and the dose of
ICS, eNO measurements were not able to distinguish
between adjacent ICS doses consistently when assessed
in pairwise comparisons, although eNO was better in
this regard than all other measured parameters. This
appears to be a feature of almost all dose-response

studies for ICS, irrespective of the end point used, and
with even larger numbers of patients [29, 30, 35].

Nonspecific airway responsiveness appears to reflect
airway inflammation even in the absence of ongoing
symptoms and abnormal lung function [7]. Changes in
AHR might therefore provide a useful measure by
which the anti-inflammatory effects of ICS could be
evaluated. However in the current study, there were
no significant changes in AHR to hypertonic saline.
This may reflect the low doses of ICS used or the
relatively short duration of treatment. Other authors
have reported contrasting results using alternative
methodologies [27, 28, 35-37]. In general AHR to
the direct bronchoconstrictors methacholine and
histamine appears to be less sensitive than indirect bron-
choconstrictors in detecting changes occurring with
corticosteroid treatment [27, 38]. Unfortunately, the
interpretation of many studies is made difficult because
they have included patients with mild asthma and
have used high doses of ICS [4].

The optimum approach to establishing patients on
an appropriate dose of ICS has still not been defined.
There are two questions of relevance. Firstly, does
increasing the dose of ICS above a certain threshold
result in greater efficacy? In the majority of patients
only small increments in lung function are achieved
when the dose of ICS is increased progressively [29,
30, 35]. This calls into question either the effectiveness
of higher doses of ICS, or more likely, the validity of
simple lung function measurements in this setting.
Secondly, is it necessary to suppress airway inflamma-
tion completely in order to obtain optimum control,
and how is this best assessed? Minimising airway
responsiveness to adenosine monophosphate or metha-
choline (as a surrogate for airway inflammation [7])
appears to be dose-related [27, 36, 37]. When anti-
inflammatory therapy is tailored to reduce AHR,
clinical outcomes are improved [39]. Unfortunately,
repeated measurements of AHR are unsuited for routine
clinical practice and it is unlikely that their widespread
application will become commonplace. In contrast, eNO
measurements are repeatable and easy to perform.

The current authors have recently shown that
exhaled nitric oxide measurements may be used to
predict deteriorating asthma control, and that they
reflect changes in underlying airway inflammation
[17]. These findings, together with the results of the
present study, offer the possibility that repeated mea-
surements of exhaled nitric oxide may be useful in
guiding dose adjustments of inhaled corticosteroids in
patients with persistent asthma. This requires further
prospective investigation.
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