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background

 

International guidelines for the treatment of asthma recommend adjusting the dose of
inhaled corticosteroids on the basis of symptoms, bronchodilator requirements, and
the results of pulmonary-function tests. Measurements of the fraction of exhaled nitric
oxide (F

 

e

 

NO

 

) constitute a noninvasive marker that may be a useful alternative for the
adjustment of inhaled-corticosteroid treatment.

 

methods

 

In a single-blind, placebo-controlled trial, we randomly assigned 97 patients with asth-
ma who had been regularly receiving treatment with inhaled corticosteroids to have
their corticosteroid dose adjusted, in a stepwise fashion, on the basis of either F

 

e

 

NO

 

measurements or an algorithm based on conventional guidelines. After the optimal
dose was determined (phase 1), patients were followed up for 12 months (phase 2).
The primary outcome was the frequency of exacerbations of asthma; the secondary
outcome was the mean daily dose of inhaled corticosteroid.

 

results

 

Forty-six patients in the F

 

e

 

NO

 

 group and 48 in the group whose asthma was treated ac-
cording to conventional guidelines (the control group) completed the study. The final
mean daily doses of fluticasone, the inhaled corticosteroid that was used, were 370 µg
per day for the F

 

e

 

NO

 

 group (95 percent confidence interval, 263 to 477) and 641 µg per
day for the control group (95 percent confidence interval, 526 to 756; P=0.003), a dif-
ference of 270 µg per day (95 percent confidence interval, 112 to 430). The rates of ex-
acerbation were 0.49 episode per patient per year in the F

 

e

 

NO

 

 group (95 percent confi-
dence interval, 0.20 to 0.78) and 0.90 in the control group (95 percent confidence
interval, 0.31 to 1.49), representing a nonsignificant reduction of 45.6 percent (95 per-
cent confidence interval for mean difference, ¡78.6 percent to 54.5 percent) in the
F

 

e

 

NO

 

 group. There were no significant differences in other markers of asthma control,
use of oral prednisone, pulmonary function, or levels of airway inflammation (sputum
eosinophils).

 

conclusions

 

With the use of F

 

e

 

NO

 

 measurements, maintenance doses of inhaled corticosteroids may
be significantly reduced without compromising asthma control.
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nhaled corticosteroids are the

 

mainstay of treatment for chronic asthma, the
doses of which should be adequate to control

asthma symptoms but also as low as possible in or-
der to prevent adverse effects. Since the dose re-
quired is highly variable, both among patients and
within individual patients, physicians need an easy,
effective, and safe method to guide dose titration.
Current treatment guidelines recommend that ad-
justments in doses should be based on asthma
symptoms and the results of basic pulmonary-
function tests. Two proof-of-concept studies have
demonstrated that the use of alternative criteria —
namely, airway hyperresponsiveness

 

1

 

 or eosinophil-
ia in induced sputum

 

2

 

 — to make adjustments in
doses of inhaled corticosteroids leads to improved
outcomes. However, these particular measurements
may be time-consuming to obtain or difficult to
perform.

The fraction of nitric oxide in the exhaled air
(F

 

e

 

NO

 

) is a marker of asthma; the magnitude of
F

 

e

 

NO

 

 is increased in proportion to bronchial wall
inflammation

 

3

 

 or induced-sputum eosinophilia

 

4

 

 as
well as to airway hyperresponsiveness.

 

4,5

 

 Increases
in F

 

e

 

NO

 

 are associated with a deterioration in asth-
ma control,

 

5

 

 and F

 

e

 

NO

 

 levels are reduced in a dose-
dependent manner with antiinflammatory treat-
ment.

 

6,7

 

 However, unlike induced-sputum analysis
and bronchial-challenge testing, F

 

e

 

NO

 

 measure-
ments are easy to perform, reproducible, and asso-
ciated with a high degree of acceptance by patients.

 

8

 

Taken together, these data suggest that F

 

e

 

NO

 

measurements may provide a method of adjusting
inhaled corticosteroid doses for patients with
chronic asthma. In a prospective, randomized, sin-
gle-blind, placebo-controlled trial, we compared the
adjustment of the dose of an inhaled corticosteroid,
fluticasone, with use of a F

 

e

 

NO

 

-based algorithm
with adjustment with use of an algorithm based on
guidelines promulgated by the Global Initiative for
Asthma.

 

9

 

 This study was designed to test the null
hypothesis that there would be no difference in the
frequency of asthma exacerbations between the two
approaches.

 

patients

 

We recruited 110 patients 12 to 75 years of age with
chronic asthma

 

10

 

 whose treatment was being man-
aged in a primary care setting. Each patient had re-
ceived regular inhaled corticosteroids for six months

or more, with no change in dose within the previous
six weeks. Exclusion criteria included the following:
four or more courses of oral prednisone in the pre-
vious 12 months; admission to the hospital because
of asthma in the previous 6 months or to the inten-
sive care unit because of asthma at any time in the
past; and cigarette smoking, either current or past,
with a history of more than 10 pack-years. The use
of long-acting beta-agonists was discontinued be-
cause of the recognized confounding effect of these
agents on asthma exacerbations — the primary end
point of the study. However, subjects who were un-
able to tolerate the attempted withdrawal of long-
acting beta-agonists during the run-in period were
allowed to participate in the study if they could con-
tinue the use of these agents at a fixed dose.

 

study plan

 

The study plan is outlined in Figure 1. Exhaled nitric
oxide was measured and spirometry performed after
a two-week run-in period and at every visit thereaf-
ter. At the second visit, all patients were started on
inhaled fluticasone (Flixotide, GlaxoSmithKline),
administered twice daily with the use of a combina-
tion of two identical, unmarked metered-dose in-
halers (in order to achieve complete blinding at all
times). The fluticasone was given through a large
volume spacer (Volumatic, GlaxoSmithKline). Six
treatment doses were available: 1000 µg, 750 µg,
500 µg, 250 µg, and 100 µg per day, and placebo
(0 µg). At each visit, treatment packs were dispensed
that contained two inhalers; these provided the req-
uisite combination of 0 µg, 50 µg, 125 µg, and 250
µg per puff, which enabled the patient to receive the
total daily dose as one puff from each inhaler twice
daily at all times during the study. Subjects were in-
formed that treatment could vary between 0 and
1000 µg per day, but they were not informed of the
actual prescribed dose at any time.

 

Phase 1

 

During phase 1, the dose of inhaled fluticasone was
titrated downward in a stepwise manner until the
optimal dose was deemed to have been achieved.
Subjects received 750 µg per day to start (or 500 µg
per day if their inhaled-corticosteroid requirement
before enrollment was less than 200 µg per day of
fluticasone or the equivalent). Subjects returned af-
ter four weeks and were randomly assigned to one
of the two management groups (the group receiv-
ing conventional management, hereafter referred to
as the control group, and the group in which F

 

e

 

NO

i

methods
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was used as the basis for dose adjustment), with
each group having a different algorithm for titration
of the dose of fluticasone (Table 1). Subjects were
blinded to their group assignment. 

The control-group algorithm was derived from
criteria established by the Global Initiative for Asth-
ma 2002 for the control of asthma.

 

9

 

 Dose adjust-
ments were based on predetermined thresholds in
regard to symptoms, bronchodilator use, diurnal
peak flows, and spirometry. The F

 

e

 

NO

 

-group algo-
rithm was based solely on F

 

e

 

NO

 

 measurements,
with 15 parts per billion (ppb) of nitric oxide (at an
exhaled flow rate of 250 ml per second) used as the
cutoff point, above which an increase in the dose of
inhaled corticosteroid was prescribed

 

5

 

; this F

 

e

 

NO

 

value is equivalent to 35 ppb at a flow rate of 50 ml

per second (see part 1 of the Supplementary Appen-
dix, available with the full text of this article at
www.nejm.org). At each study visit, with the use of
the appropriate algorithm, the patient’s asthma was
deemed to be controlled or uncontrolled. The dose
of inhaled fluticasone was decreased or increased
(to a maximum of 1000 µg per day) accordingly.

Titration downward was repeated one step at a
time every four weeks until the F

 

e

 

NO

 

 was greater
than 15 ppb or until asthma became uncontrolled
(Table 1), at which point the dose of fluticasone
was increased — again, one step at a time, at four-
week intervals, until the F

 

e

 

NO

 

 level was less than 15
ppb or until asthma was again controlled. Once the
F

 

e

 

NO

 

 level had decreased to less than 15 ppb, or
asthma control had been reestablished, the final

 

Figure 1. The Study Plan.

 

At the end of the run-in period, patients began receiving 750 µg of fluticasone per day. The dose was then adjusted at each visit according to 
each patient’s assigned algorithm. Patients who were taking less than 200 µg of fluticasone per day (or the equivalent dose of budesonide or 
beclomethasone) at study entry began receiving 500 µg per day. The dose could be increased, to a maximum of 1000 µg per day, if the mea-
sured F

 

e

 

NO

 

 was greater than 15 parts per billion (ppb) or if asthma remained uncontrolled. The criteria by which loss of control of asthma was 
determined are listed in Table 1. If, during phase 2, after an upward adjustment, asthma was subsequently found to be controlled at two con-
secutive visits (i.e., for four months), the dose of fluticasone was reduced by one step — but not below the optimal dose or to 0 µg per day.

2. Dose steps
    Upward: 750 µg       1000 µg
    Downward: 750 µg       500 µg       250 µg       100 µg       placebo

Dose Adjustment Dose Adjustment

Variable duration (3–12 mo)

Phase 1

Six visits; total duration, 12 mo

Phase 2

Study Entry Randomization
Optimal

Dose Achieved
Study

Completion

1. Fluticasone adjusted downward, one step at a time, from 750 µg at 4-wk intervals until 
    FENO >15 ppb (FENO group) or loss of control of asthma (control group)

1. No further downward adjustment from
    optimal dose

2. Upward dose adjustment permitted
    according to same protocol as in phase 1

3. Optimal dose: one step higher than dose at which FENO was >15 ppb or asthma
    was uncontrolled

110
Patients

2 wk 4 wk

Visits every 
4 weeks

Visits every 
2 mo

Run-in period

13 Withdrew
  6 Had unstable asthma
  7 Withdrew consent

3 Withdrew
  2 Withdrew from FENO group 
  (non–asthma-related adverse events)
  1 Withdrew from control group 
  (non–asthma-related adverse event)

Begin
fluticasone,
750 µg/day

97
Patients

48 In FENO
group

49 In control
group

46 In FENO
group

48 In control
group

Dose adjustment
at each visit
according to

group algorithm

5 Withdrew
  2 Withdrew from FENO group 
  (respiratory infection, unstable asthma)
  3 Withdrew from control group 
  (lost to follow-up)

44 In FENO
group

45 In control
group

Upward dose
adjustments

permitted
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dose (which possibly included placebo among pa-
tients in whom asthma control was not lost at a dose
of 0 µg of fluticasone per day) was deemed to be the
optimal dose for that person.

 

Phase 2

 

During phase 2, which lasted for 12 months, main-
tenance treatment with inhaled fluticasone was con-
tinued at the optimal dose, although further upward
adjustments in the dose were permitted if asthma
control was lost. Subjects were evaluated on six oc-
casions at intervals of two months. At each visit,
F

 

e

 

NO

 

 measurements were obtained or asthma con-
trol was assessed in the same way as during phase 1.
If the F

 

e

 

NO

 

 was greater than 15 ppb or asthma was
uncontrolled at any visit during phase 2, treatment
was increased by one step in accordance with the
assigned algorithm. Thereafter, if the F

 

e

 

NO

 

 level re-
mained at less than 15 ppb or if the asthma was
controlled for two consecutive visits (i.e., for four
months), the dose was titrated back down one step.
However, treatment was not decreased below the
optimal dose (below which each patient had previ-
ously demonstrated instability) or to placebo dur-
ing phase 2.

All treatment orders were verified independently
by an investigator who was blinded to the treatment
assignments. (See part 2 of the Supplementary Ap-

pendix for full details regarding the treatment-
assignment protocol.) Compliance was determined
according to the weight of the study inhalers.

 

back-up strategy for the f

 

eno

 

 group

 

We did not have a priori evidence that low F

 

e

 

NO

 

measurements could reliably be used to deny pa-
tients an increase in inhaled-corticosteroid dose
that by all other criteria would be deemed clinically
necessary. Thus, for ethical reasons, subjects in the
F

 

e

 

NO

 

 group had a predetermined “safety buffer” by
which an upward (one-step) adjustment in the dose
was provided to deal with deteriorating asthma in
the absence of a rise in measured F

 

e

 

NO

 

. The criteria
for intervention can be found in part 3 of the Sup-
plementary Appendix.

Patients were not permitted to adjust their main-
tenance dose of inhaled corticosteroid except at a
study visit. However, again for reasons of safety, all
subjects had a personalized self-management plan,
which instructed them to take oral prednisone, 40
mg per day, when morning peak flows fell below
70 percent of mean run-in values; they continued
this dose until peak flows increased above 85 per-
cent, at which time they were to take 20 mg per day
for the same number of days. Participants had 24-
hour access to the study investigators. 

 

measurements

 

Exhaled nitric oxide was measured in accordance
with the recommendations of the American Thorac-
ic Society

 

11

 

 at a flow rate of 250 ml per second.
Additional information regarding technical aspects
of F

 

e

 

NO

 

 measurements is contained in part 1 of
the Supplementary Appendix. Spirometry was per-
formed according to the American Thoracic Socie-
ty criteria.

 

12

 

 Sputum induction was performed on
three occasions: at the first, “uncontrolled,” visit
during phase 1; at the final visit of phase 1, which
occurred after four weeks of treatment with the op-
timal dose of fluticasone; and at the final visit of
phase 2. Sputum was obtained and analyzed ac-
cording to published methods with a whole-sam-
ple technique.

 

13,14

 

Subjects completed a daily diary card through-
out the study period to record symptoms, the use of
bronchodilators, peak flows, and the use of predni-
sone. Asthma symptoms were scored for each 24-
hour period as follows: 0 indicated no symptoms,
1 symptoms for one short period, 2 symptoms for
two or more short periods, 3 symptoms most of
the time that did not affect normal daily activities,

 

* PEFR denotes peak expiratory flow rate, FEV

 

1

 

 forced expiratory volume in one 
second, and ppb parts per billion.

† For asthma to be considered controlled, a yes answer was required in each of 
the five categories for the control group; for asthma to be considered uncon-
trolled, a no answer was required in at least one category.

‡ Data were obtained from patient diaries for seven days before the study visit.

 

§ Asthma symptoms were given a score of 0 to 5, with 5 being the most severe.

 

Table 1. Criteria for Adjustment of the Dose of Inhaled Corticosteroid 
in the Two Study Groups.*

Group Asthma Controlled?†

 

Yes No

 

Control‡

 

Asthma symptoms§ Present ≤2 days/wk 
(24-hr scores of 
1 of 5 not counted)

Present >2 days/wk 
with 24-hr asthma 
score ≥2 of 5

Nighttime waking (nights/wk) ≤1 >1

Bronchodilator use ≤4 Occasions/wk and 
on ≤2 days/wk

>4 Occasions/wk or 
on >2 days/wk

Variation in PEFR (amplitude % 
of mean, previous 7 days)‡

≤20 >20

FEV

 

1

 

 (% of baseline) ≥90 <90

 

Exhaled nitric oxide 

 

F

 

e

 

NO

 

 (ppb at 250 ml/second) <15 ≥15
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4 symptoms most of the time that did affect nor-
mal daily activities, and 5 symptoms so severe as to
disrupt daily activities.

From the data provided in the diary, a global
asthma score of 0 to 4 was calculated for each 24-
hour period with the use of previously published
criteria (Table 2).

 

15

 

 The frequencies of days with
scores of 0, 1, 2, 3, and 4 were used to describe the
control of asthma during phase 2. The same scoring
system was used to calculate the frequency, dura-
tion, and severity of exacerbations of asthma during
phase 2. The criteria for distinguishing between
minor and major exacerbations and their duration
have been published previously.

 

15

 

 Briefly, a minor
exacerbation was defined as a global daily asthma
score of 2 on two or more consecutive days; a major
exacerbation as a global daily asthma score of 3 on
two or more consecutive days (or in one day, in the
context of a minor exacerbation); a major exacerba-
tion or medical emergency as a global daily asthma
score of 4 in one day; and the conclusion of an ex-
acerbation as a global daily asthma score that had
returned to and remained at 0 or 1 for three or more
days — otherwise the exacerbation was deemed to

be continuing. The number of courses of predni-
sone for the treatment of asthma exacerbations was
designated as a secondary end point; this end point
was independent of the criteria used to calculate
rates of exacerbation.

 

study size and statistical analysis

 

In the studies by Sont et al.

 

1

 

 and Green et al.,

 

2

 

 the
use of algorithms based on measurements of airway
responsiveness and sputum cell counts resulted in
a reduction in exacerbations of 47 percent and 68
percent, respectively. Using data on exacerbation
rates obtained from a previous study carried out in
our population,

 

15

 

 we calculated with the use of the
F

 

e

 

NO

 

 algorithm that 42 patients per group who
completed the study would be required to demon-
strate a 60 percent reduction in the rate of exacer-
bations. The data for patients who withdrew dur-
ing phase 2 were analyzed on an intention-to-treat
basis, and annual exacerbation rates were calculat-
ed by extrapolation. The analysis of the rates of to-
tal, minor, and major asthma exacerbations was
performed with the use of negative binomial re-
gression.

 

* Modified from Taylor et al.

 

15 

 

PEFR denotes peak expiratory flow rate.

 

† The best PEFR did not include any recording made within six hours after the use of a bronchodilator.

 

Table 2. Criteria for Daily Asthma Score Used for the Calculation of Exacerbations.*

Daily Asthma Score Scoring Criteria

 

0 (stable) Morning PEFR >75% of best PEFR in 14-day run-in period without deterio-
ration in any symptom scores

 

†

 

1 (mildly unstable) One or more of the following:
Bronchodilator use on 2 or more occasions in 24 hr more than round-

ed mean number of occasions during the run-in period
Increase in symptom score of 1 point or more as compared with 

rounded mean during run-in period
Onset of or increase in nocturnal waking: 1 or more times in previous 

7 nights more than rounded mean no. of times during the run-in 
period

or
Morning PEFR of 61–75% without deterioration in any of the above 

categories

2 (minor deterioration) Morning PEFR of 61–75% of best PEFR during run-in period and one or 
more criteria for an asthma score of 1

or
Morning PEFR of 41–60% without deterioration in any criteria for an 

asthma score of 1

3 (major deterioration) Morning PEFR of 41–60% of best PEFR during run-in period and one or 
more criteria for an asthma score of 1

4 (major exacerbation or medical
emergency)

Morning PEFR of 40% or less than best PEFR during run-in period regard-
less of symptoms

or
Attendance at clinician’s office or emergency department because 

of severe asthma
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The analysis of the mean daily dose of flutica-
sone was performed with the use of analysis of co-
variance, with the fluticasone-equivalent dose at
study entry as the covariate. The distribution of dos-
es of inhaled corticosteroids was compared with the
use of the Kolmogorov–Smirnov Z test. Sputum cell
counts and F

 

e

 

NO

 

 data were analyzed after loga-
rithmic transformation. Other normally distributed
data were analyzed with use of the two-sample
t-test. Results are expressed as means with 95 per-
cent confidence intervals unless stated otherwise.

 

ethics

 

The study was approved by the Otago ethics com-
mittee, and all participants gave written informed
consent. The authors were solely responsible for
the study design, data analysis, and interpretation
and for the writing of the manuscript.

One hundred ten patients were recruited, 69 of them
(63 percent) women, with a mean age of 44.8 years
(range, 12 to 73) and a mean duration of asthma of
25.2 years (range, 1 to 65). Seven patients withdrew
consent before randomization, and six had unsta-
ble asthma. Ninety-seven patients underwent ran-
domization to a management group. Baseline mea-
surements are shown in Table 3. The mean dose of
inhaled corticosteroid at study entry was not signif-
icantly different in the two management groups —
411 µg per day of fluticasone or the equivalent (95
percent confidence interval, 344 to 478) in the F

 

e

 

NO

 

group and 491 µg per day (95 percent confidence
interval, 403 to 579) in the control group. Among
the 19 patients who were taking long-acting beta-
agonists at study entry, the use of these agents was
continued in 5 of 9 patients in the F

 

e

 

NO

 

 group and
in 8 of 10 in the control group.

Three patients withdrew during phase 1 (two in
the F

 

e

 

NO

 

 group, because of a breast lump and gout,
respectively, and one in the control group because
of a respiratory tract infection). Thus, 94 patients
(46 in the F

 

e

 

NO

 

 group and 48 in the control group)
completed phase 1 and entered phase 2. Five pa-
tients withdrew during phase 2 but were included
in the intention-to-treat analysis (two in the F

 

e

 

NO

 

group, because of a respiratory tract infection in one
and unstable asthma despite taking the maximum
dose of fluticasone in the other, and three from the
control group, all of whom were lost to follow-up).
There were no significant differences in the dura-

tion of phase 1 for the two groups — mean, 25.4
weeks for the F

 

e

 

NO

 

 group (95 percent confidence
interval, 23.2 to 27.7) and 22.4 weeks for the con-
trol group (95 percent confidence interval, 20.2 to
24.7; P=0.07).

 

asthma control, exacerbations, 
and use of prednisone

 

The total rate of exacerbations during phase 2 was
0.49 exacerbation per patient per year in the F

 

e

 

NO

 

group (95 percent confidence interval, 0.20 to 0.78)
and 0.90 in the control group (95 percent confi-
dence interval, 0.31 to 1.49; P=0.27). This 45.6 per-
cent reduction among patients in the F

 

e

 

NO

 

 group
(95 percent confidence interval, ¡78.6 to 54.5) failed
to confirm the superiority of the F

 

e

 

NO algorithm
(for which a threshold of 60 percent reduction had
been deemed clinically significant). There were no
statistically significant differences between the two
groups in the exacerbation rates (Fig. 2A), the cu-
mulative total numbers of exacerbations (Fig. 2B),
the times to a first exacerbation (Fig. 2C), or the
numbers of patients with one or more exacerbations
(Fig. 2D). The number of patients who had at least
one exacerbation was numerically, but not signifi-
cantly, greater in the FeNO group (14 of 46, as com-
pared with 11 of 48 in the control group; P=0.39)
(Fig. 2C), whereas the overall frequency of exacer-
bations per patient was higher in the control group
(P=0.27) (Fig. 2B and 2D). This pattern could not
be accounted for by the frequency of safety inter-
ventions that occurred in the FeNO group.

During phase 2, there were no significant differ-
ences in nighttime waking or use of bronchodilators
among patients in the FeNO and control groups (Ta-
ble 3). The percentage of symptom-free days was
similar in the two groups (69.3 percent in the FeNO
group and 63.7 percent in the control group, P=
0.44), and the number of courses of prednisone
that were used did not differ significantly — 22 in
the FeNO group and 29 in the control group (P=
0.60). The percentages of patients who required
treatment with prednisone during phase 2 were as
follows: zero courses of treatment, 71.7 percent in
the FeNO group and 68.8 percent in the control
group; one course, 17.4 percent and 18.8 percent,
respectively; and two or more courses, 10.9 percent
and 12.5 percent, respectively.

doses of inhaled corticosteroid
At the end of phase 1, the mean fluticasone dose
was 292 µg per day in the FeNO group (95 percent

results
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confidence interval, 188 to 396) and 567 µg per day
in the control group (95 percent confidence inter-
val, 443 to 691; P=0.003); the median doses were
100 µg per day (25th and 75th percentiles, 0 and
500) and 750 µg per day (25th and 75th percentiles,
100 and 1000), respectively. The mean fluticasone
doses at the end of phase 2 were 370 µg per day in
the FeNO group (95 percent confidence interval,
263 to 477) and 641 µg per day in the control group
(95 percent confidence interval, 526 to 756;
P=0.003); the median doses were 100 µg per day
(25th and 75th percentiles, 100 and 750) and 750
µg per day (25th and 75th percentiles, 100 and
1000), respectively (Fig. 3A). 

The mean difference in dose between groups was
270 µg per day (95 percent confidence interval, 112
to 430). The distribution of fluticasone doses at
the final study visit differed significantly between

groups (P=0.008) (Fig. 3B). In the FeNO group,
safety-buffer criteria were used for dose adjustment
on 16 occasions (out of 436 assessments), for rea-
sons of clinically significant symptoms (in 10 pa-
tients), reduced pulmonary function (4 patients), or
both (2 patients) in the absence of a rise in FeNO to
greater than 15 ppb. The percentage of patients who
complied with medication use was 84.8 percent in
the FeNO group and 89.8 percent in the control
group, with compliance defined as consumption of
75 percent or more of the study medication as de-
termined by weight.

sputum cell counts, feno measurements, 
and pulmonary function

Changes in the indexes of airway inflammation and
pulmonary function are reported in Table 3. The
magnitude of airway inflammation, as measured by

Figure 2. Rates of Exacerbation.

Panel A shows the mean rates of total exacerbations of asthma and of minor and major exacerbations during phase 2. 
Error bars represent SEs. In Panel B, the cumulative number of exacerbations of asthma during phase 2 is shown; 
P=0.27 for the comparison between groups. Panel C shows the results of a Kaplan–Meier analysis of the time to a first 
exacerbation of asthma in each group during phase 2. There was no significant difference between the two groups 
(P=0.39). Panel D shows the frequency distribution of patients who had zero, one, and two or more exacerbations 
during phase 2.
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the percentage of eosinophils in induced sputum
and FeNO measurements, was not significantly dif-
ferent between the two study groups at the end of
either phase 1 or phase 2. At the end of phase 2,
65.8 percent of patients in the FeNO group and 65.9
percent in the control group had sputum eosinophil
counts of less than 3 percent. Only at the time of the
visit at which airway inflammation or asthma was
deemed to be uncontrolled (i.e., the first, uncon-
trolled, visit) were significant increases in FeNO and
sputum eosinophils noted in the FeNO group. This
finding confirms the appropriateness of the step up
in dose that was undertaken on that occasion.

In our study, the use of FeNO measurements that
were performed on a regular basis in patients with
asthma resulted in a lower maintenance dose of
inhaled corticosteroid needed to control the asth-
ma, as compared with the use of a dose-adjustment
strategy based on conventional guidelines. We dem-
onstrated a 40 percent reduction in the required
dose of inhaled corticosteroid without compromis-
ing any major clinical outcomes, including exacer-
bation rates and prednisone use. Despite the signif-
icantly lower optimal dose of inhaled corticosteroid
in the FeNO group, the sputum eosinophil counts
were no different: in both management groups, the
mean cell counts at the end of both phases were
within previously defined limits of acceptability
(<3 percent).16 The mean dose requirement in the
FeNO group was 370 µg per day, which is consistent
with the results of a recent meta-analysis indicat-
ing that the major benefits of fluticasone are usually
achieved at 500 µg or less per day.17 Among the pa-
tients whose asthma treatment was adjusted with
the use of the algorithm based on conventional
guidelines, the mean dose was 641 µg per day, sug-
gesting that excessive doses were being used.

The outcomes obtained with the use of FeNO
measurements are inevitably dependent on the cut-
off point used to signal the likelihood of active air-
way inflammation (defined in this study as 15 ppb
at a flow rate of 250 ml per second, the equivalent
of 35 ppb at 50 ml per second). It could be argued
that asthma control remained suboptimal even with
a mean rate of exacerbations of 0.49 event per pa-
tient per year in the FeNO group. If a lower cutoff
point — for example, 10 ppb — had been used,
higher mean doses of inhaled corticosteroid would
have been required in the FeNO group, which in turn

might have resulted in a further reduction in the ex-
acerbation rate such that the superiority of the use
of FeNO measurements as a dose-adjustment strat-
egy would have been confirmed. The chosen cutoff
point for our study was based on previous work
that showed that a FeNO level of 15 ppb (at a flow
rate of 250 ml per second) yielded the best overall
positive and negative values on the basis of which
to predict an upcoming loss of asthma control.5

This number is also consistent with the recently
published data that outline the “normal range” of
FeNO levels.8 Our choice of 15 ppb for the cutoff
point may also explain the subtle differences in
outcome between the present study and that of
Green et al.2

There is some debate about the optimal strategy
for dose adjustment of inhaled corticosteroids in
clinical practice. Both “step-up” and “step-down”
approaches are advocated. However, there is agree-
ment among international guidelines that after the

discussion

Figure 3. Doses of Inhaled Fluticasone.

Panel A shows the mean dose of inhaled fluticasone at study entry, the opti-
mal dose, and the dose at the final visit. Error bars represent SDs. Panel B 
shows the distribution of doses of inhaled fluticasone at the end of the study. 
P=0.008 for the comparison between the two groups.
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control of asthma has been established, titration
downward to the minimal necessary doses of in-
haled corticosteroids ought to be undertaken.9,18

This has been tested in randomized controlled tri-
als.19-21 In one study in which downward titration
was used, patients required 25 percent less inhaled
corticosteroid during the one-year follow-up than
did patients in the control group, yet without any
loss of asthma control.19 In our study, however,
downward titration with the use of the predomi-
nantly symptom-based algorithm to define poor
asthma control was possible in only a minority of
patients. In contrast, when FeNO measurements
were used, we could readily identify patients in
whom a reduction in the dose of inhaled cortico-
steroid could be appropriately achieved. Regardless
of the approach taken, the clinician is faced with
significant heterogeneity in the dose–response to
inhaled corticosteroid for individual patients,22 and
this may not be determined easily on the basis of ei-
ther symptoms or pulmonary function.

An alternative explanation for our results is that
in the control group, the dose of inhaled cortico-
steroid was much higher than necessary. This may
have occurred because, just as in the case of the
FeNO algorithm, dose adjustments of inhaled cor-
ticosteroids depend on the thresholds used to de-
termine “uncontrolled” asthma, and these thresh-
olds may have been inappropriate. In our study,
only one of five criteria had to be met in order to de-
termine poor asthma control. Furthermore, it can
be argued that within each category the cutoff points
that were used, particularly for symptoms and use
of bronchodilators, were too low. Each of the cho-
sen cutoff points was consistent with current inter-
national guidelines that advocate the minimization
of symptoms and of bronchodilator use as a goal of
asthma therapy. Although we agree with this prin-
ciple, our results highlight the possibility that the
rigorous application of these guidelines may in fact
be problematic. All the more reason, then, for the
monitoring of an objective measure of airway pa-
thology to complement the assessment of patients
with symptomatic asthma so that appropriate choic-
es of treatment can be made.

In the recent Gaining Optimal Asthma Control
Study,23 the investigators sought to achieve asthma
control among patients in two groups with “step-
up” titration of either a combination of salmeterol

and fluticasone or fluticasone alone with the use of
a symptoms-based algorithm. Remarkably, “total
control” was achieved among only 41 percent of
the patients receiving salmeterol and fluticasone and
among 28 percent of those receiving fluticasone
alone, despite doses of 1000 µg of fluticasone per
day administered to 68 percent and 76 percent of pa-
tients, respectively. The median dose requirement
was 1000 µg per day in each treatment group, which
is similar to the requirement for patients in the
control group in our study, in which a similar dose-
adjustment strategy was used (48 percent of pa-
tients required 1000 µg per day). Together, these
outcomes strongly suggest that the use of clinical
end points as the basis for adjustments in doses of
inhaled corticosteroids has substantial limitations
and may lead to higher doses than are appropriate
for many patients. In our study, we did not allow for
the concomitant use of long-acting beta-agonists;
this would have required a much larger study. How-
ever, the results obtained in our control group
strongly support a role for therapy with long-acting
beta-agonists for patients who remain symptomat-
ic despite optimal corticosteroid treatment. This is
in keeping with a stepwise approach to asthma
management.18

In conclusion, we have shown that in patients
with chronic, persistent asthma, treatment with in-
haled corticosteroids can successfully be titrated
with the use of FeNO measurements. The use of
FeNO measurements may also help to minimize the
potential long-term side effects that are related to
inhaled corticosteroids and are more likely when
higher doses are used.24 FeNO measurements are
easy to perform, can be reproduced accurately, and
provide immediate results on which the practitioner
can act. Overall, this approach offers a logical alter-
native to the use of clinical data alone as the basis
for dose adjustment of inhaled corticosteroids in
the management of asthma.

Funded by the Otago Medical Research Foundation, the Dean’s
Fund of the Dunedin School of Medicine, and a grant from the
University of Otago. Supplies of fluticasone were provided by
GlaxoSmithKline (New Zealand). Equipment for the analysis of
nitric oxide in other studies was provided by Aerocrine in Decem-
ber 2004.

Dr. Smith reports having received his salary from an education-
al grant from GlaxoSmithKline in New Zealand for the period
from February 2000 to June 2004. Dr. Taylor reports having re-
ceived lecture fees from AstraZeneca and GlaxoSmithKline in New
Zealand.

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission. 



n engl j med 352;21 www.nejm.org may 26, 2005

exhaled nitric oxide measurements in chronic asthma

2173

references

1. Sont JK, Willems LN, Bel EH, van Kriek-
en JH, Vandenbroucke JP, Sterk PJ. Clinical
control and histopathologic outcome of
asthma when using airway hyperrespon-
siveness as an additional guide to long-term
treatment. Am J Respir Crit Care Med 1999;
159:1043-51.
2. Green RH, Brightling CE, McKenna S,
et al. Asthma exacerbations and sputum eo-
sinophil counts: a randomised controlled
trial. Lancet 2002;360:1715-21.
3. Payne DN, Adcock IM, Wilson NM,
Oates T, Scallan M, Bush A. Relationship be-
tween exhaled nitric oxide and mucosal eo-
sinophilic inflammation in children with
difficult asthma, after treatment with oral
prednisolone. Am J Respir Crit Care Med
2001;164:1376-81.
4. Jatakanon A, Lim S, Kharitonov SA,
Chung KF, Barnes PJ. Correlation between
exhaled nitric oxide, sputum eosinophils,
and methacholine responsiveness in patients
with mild asthma. Thorax 1998;53:91-5.
5. Jones SL, Kittelson J, Cowan JO, et al.
The predictive value of exhaled nitric oxide
measurements in assessing changes in asth-
ma control. Am J Respir Crit Care Med 2001;
164:738-43.
6. Kharitonov SA, Donnelly LE, Montuschi
P, Corradi M, Collins JV, Barnes PJ. Dose-
dependent onset and cessation of action of
inhaled budesonide on exhaled nitric oxide
and symptoms in mild asthma. Thorax
2002;57:889-96.
7. Jones SL, Herbison P, Cowan JO, et al.
Exhaled NO and assessment of anti-inflam-
matory effects of inhaled steroid: dose-
response relationship. Eur Respir J 2002;20:
601-8.
8. Kharitonov SA, Gonio F, Kelly C, Meah
S, Barnes PJ. Reproducibility of exhaled ni-

tric oxide measurements in healthy and
asthmatic adults and children. Eur Respir J
2003;21:433-8.
9. Global Initiative for Asthma 2002. Up-
date from: Global Strategy for Asthma Man-
agement and Prevention NHLBI/WHO
Workshop Report 1995. Bethesda, Md.: Na-
tional Institutes of Health, 2002. (DHHS
publication no. (NIH) 02-3659.)
10. Standards for the diagnosis and care of
patients with chronic obstructive pulmo-
nary disease (COPD) and asthma. Am Rev
Respir Dis 1987;136:225-44.
11. Recommendations for standardized
procedures for the on-line and off-line mea-
surement of exhaled lower respiratory nitric
oxide and nasal nitric oxide in adults and
children — 1999. Am J Respir Crit Care Med
1999;160:2104-17.
12. American Thoracic Society. Standardi-
zation of spirometry, 1994 update. Am J
Respir Crit Care Med 1995;152:1107-36.
13. Anderson SD, Brannan JD. Methods for
“indirect” challenge tests including exer-
cise, eucapnic voluntary hyperpnea, and hy-
pertonic aerosols. Clin Rev Allergy Immu-
nol 2003;24:27-54.
14. Fahy JV, Liu J, Wong H, Boushey HA.
Cellular and biochemical analysis of in-
duced sputum from asthmatic and from
healthy subjects. Am Rev Respir Dis 1993;
147:1126-31.
15. Taylor DR, Town GI, Herbison GP, et al.
Asthma control during long-term treatment
with regular inhaled salbutamol and salmet-
erol. Thorax 1998;53:744-52. [Erratum,
Thorax 1999;54:188.]
16. Pavord ID, Brightling CE, Woltmann G,
Wardlaw AJ. Non-eosinophilic corticoste-
roid unresponsive asthma. Lancet 1999;
353:2213-4.

17. Holt S, Suder A, Weatherall M, Cheng S,
Shirtcliffe P, Beasley R. Dose-response rela-
tion of inhaled fluticasone propionate in ad-
olescents and adults with asthma: meta-
analysis. BMJ 2001;323:253-6.
18.  British Thoracic Society. British guide-
line on the management of asthma. Thorax
2003;58: Suppl 1:i1-i94.
19. Hawkins G, McMahon AD, Twaddle S,
Wood SF, Ford I, Thomson NC. Stepping
down inhaled corticosteroids in asthma:
randomised controlled trial. BMJ 2003;
326:1115.
20. van der Molen T, Meyboom-de Jong B,
Mulder HH, Postma DS. Starting with a
higher dose of inhaled corticosteroids in
primary care asthma treatment. Am J Respir
Crit Care Med 1998;158:121-5.
21. Visser MJ, Postma DS, Arends LR, de
Vries TW, Duiverman EJ, Brand PL. One-year
treatment with different dosing schedules
of fluticasone propionate in childhood asth-
ma: effects on hyperresponsiveness, lung
function, and height. Am J Respir Crit Care
Med 2001;164:2073-7.
22. Szefler SJ, Martin RJ, King TS, et al. Sig-
nificant variability in response to inhaled
corticosteroids for persistent asthma.
J Allergy Clin Immunol 2002;109:410-8.
23. Bateman ED, Boushey HA, Bousquet J,
et al. Can guideline-defined asthma control
be achieved? The Gaining Optimal Asthma
Control Study. Am J Respir Crit Care Med
2004;170:836-44.
24. Visser MJ, van der Veer E, Postma DS, et
al. Side-effects of fluticasone in asthmatic
children: no effects after dose reduction.
Eur Respir J 2004;24:420-5.
Copyright © 2005 Massachusetts Medical Society.

journal editorial fellow

The Journal’s editorial office invites applications for a one-year 
research fellowship beginning in July 2006 from individuals at any 
stage of training. The editorial fellow will work on Journal projects 

and will participate in the day-to-day editorial activities of the Journal 
but is expected in addition to have his or her own independent 

projects. Please send curriculum vitae and research interests 
to the Editor-in-Chief, 10 Shattuck St., Boston, MA 02115 

(fax, 617-739-9864), by September 30, 2005.

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission. 


