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Summary. Objective:We investigated the potential yield of incorporating fractional exhaled nitric

oxide (FeNO) measurements in childhood allergic asthma management. Methods: Ninety-nine

children with persistent allergic asthma were included in this multicentre, single-blind,

randomized controlled trial. Treatment was based on the Global Initiative for Asthma (GINA)

guidelines. In the FeNO group, asthma management was also guided by FeNO measurements.

Health outcomes were evaluated over a 52-week timeframe. Results: Fewer asthma

exacerbations were registered in the FeNO group. 24% of the children in the FeNO group

experienced one or more exacerbations per year, compared with 48% in the clinical group

(P¼0.017). The proportion of symptom-free days did not differ between groups. In the FeNO

group, more months of leukotriene receptor antagonist use (median (interquartile range)) were

observed: 12 (9–12) months, compared with 9 (3–12) months in the clinical group (P¼0.019).

Next, the evolution of inhaled corticosteroid doses between visits 1 and 5 (median change

(interquartile range)) showed a significant increase ofþ100mg (0,þ400) in the FeNO group and

a change of 0mg (�200, þ80) in the clinical group (P¼0.016). Conclusions: FeNO

measurements in childhood asthma management did not improve the proportion of symptom-

free days, but did result in fewer asthma exacerbations associated with an increased leukotriene

receptor antagonist use and an augmentation of the inhaled corticosteroid doses. Pediatr

Pulmonol. � 2013 Wiley Periodicals, Inc.
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INTRODUCTION

As a chronic inflammatory disease, childhood asthma
is characterized by periodic attacks of wheezing,
shortness of breath and coughing. According to the
Global Initiative for Asthma (GINA) guidelines, asthma
management should be based on the symptoms reported
by the child and parents, the need for rescue medication
and the pulmonary function tests.1 These pulmonary
function tests, such as measurements of forced expiratory
volume in 1 sec (FEV1), provide indirect parameters of
the airway calibre and airflow obstruction, but show little
or no correlation with the underlying airway inflam-
mation.2 Additionally, the reporting of symptoms is
implemented as a core element in the asthma control
assessment.1 However, self-reported symptoms are
not always reliable, especially in children, owing to
subjective perception and experience.3 Moreover, these
symptoms are only episodically present.1 Consequently, a
clear relationship does not exist between reported
symptoms and the presence and intensity of airway
inflammation.4,5

Airway inflammation has been recognized as an
important physiopathological characteristic underlying
asthma.6 Since symptoms and lung function measure-
ments poorly reflect airway inflammation, a biomarker
providing direct information related to the inflammatory
processes could be of great interest for asthma manage-
ment.7 Therefore, the analysis of induced sputum
eosinophils has been proposed to assess airway inflam-
mation. In adults, treatment adjustments based on sputum
eosinophils resulted in a reduction of the exacerbation
rate.8 However, this technique requires expertise and is
less suitable for children, due to possible discomfort.
A non-invasive approach consists of measurement of

fractional exhaled nitric oxide (FeNO).9 The production
of FeNO by the inducible NO synthase in the lower
airways is upregulated in the presence of a type 2 T-
helper cell inflammation and correlates with the sputum
eosinophilic count.10,11 Previously, it has been shown
that FeNO measurement could be helpful in monitoring
of anti-inflammatory treatment, where it appears to act
as a response marker to adjusted anti-inflammatory
therapy.12 Moreover, an increased FeNO level could
indicate an uncontrolled eosinophilic inflammation and
could be associated with a heightened future exacerba-
tion risk.13 Furthermore, FeNO measurements are
acceptable for children and hand-held devices are
widely available.14

We hypothesized that tailoring maintenance treatment
with complementary FeNO measurements would im-
prove childhood allergic asthma management thanks to
more adequate therapeutic interventions and would result
in a greater number of symptom-free days and fewer
asthma exacerbations.

MATERIALS AND METHODS

Study Design

During this 52-week single-blind parallel-group
effectiveness study, five visits, one visit every 3 months,
were organized by physicians from seven Belgian
hospitals. Inclusion criteria covered mild to severe
persistent asthma according to GINA guidelines, for a
period of at least 6 months, and allergic sensitization
(i.e., a positive skin prick test and/or specific IgE
antibodies against inhalant allergens), as it was shown
that elevated FeNO values are found in the presence of
allergic airway inflammation.10 Exclusion criteria
comprised significant comorbidity, an acute exacerba-
tion or the administration of experimental medication
4 weeks prior to the screening visit, hospitalization and/
or systemic corticosteroids 12 weeks prior to the
screening visit or oral corticosteroid dependence. The
study was approved by the Ethical Committees of the
Antwerp University Hospital and all participating
centres. Written informed consent was obtained from
both parents. This trial is registered on clinicaltrials.gov
as number NCT00562991.

Algorithms

In the first algorithm, or the clinical group, asthma
control and treatment adjustments during each visit were
determined by the reporting of symptoms (i.e., limitation
of activities, daytime and nocturnal symptoms), the need
for rescue treatment during the two preceding weeks and
spirometry (FEV1), based on the GINA guidelines.1 In the
second algorithm, or the FeNO group, FeNO measure-
ments were primarily used to adjust the treatment
(Table 1). Our goal was to keep FeNO below 20 parts
per billion (ppb), the rounded 95% upper limit of FeNO
values in healthy children, which was deduced from
previous trials.15,16 An independent research nurse,
blinded for all patient characteristics, consecutively
allocated the participants to the two groups, taking into
account the initial FeNO measurements with the cut-off
point of 20 ppb as a stratifying factor. This approach
guaranteed an equal number of participants with a FeNO
value below and above 20 ppb in each group. Patients
were blinded in both groups and physicians were blinded
to the FeNO values in the clinical group. Blinded lung
function technicians performed FeNO measurements in
both groups at a constant flow of 50ml/sec using the
single-breath online technique with the FeNO analyser
NIOX MINO; Aerocrine, Solna, Sweden.17

Health Outcomes

Symptom-free days were observed as the primary
outcome and assessed using the first four questions
from the childhood Asthma Control Test, which were
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completed each day.18 A symptom-free day was consid-
ered to be indicated by a score of two or three on the first
question and a score of three on the other questions. The
occurrence of exacerbations, unscheduled asthma-related
contacts, hospital or emergency room admissions, non-
attendance at school and the need for a caregiver to take
time off to look after his/her child were evaluated as
secondary health outcomes at each visit. An exacerbation
was defined as an episode of progressive increased
shortness of breath, coughing, wheezing, or chest
tightness, or a combination of these symptoms, as stated
in GINA guidelines.1

Statistics

Based on data from a previous study, we presumed the
proportion of symptom-free days in the clinical group
would be 50%.19 A power calculation showed that 35
patients per group were needed to detect an increase of
45% in the proportion of symptom-free days, resulting in
a proportion of symptom-free days of 72.5%, in the FeNO
group, with 80% probability and a two-sided significance
level of 5%. To allow for dropouts, we recruited 101
children. The Chi-square-test, the Spearman correlation,
the Mann–Whitney test, the Wilcoxon Signed Ranks test
and the Student’s t-test were used, as appropriate.
Statistical tests were conducted two-sided with a
significance level of 5%. Multiple logistic regression
models were designed to investigate the effect of FeNO
measurements on the occurrence of one or more
exacerbations over 52 weeks and to adjust for con-
founders. The participating centres, body mass index,
baseline asthma control and asthma severity, exposure to
cigarette smoke, presence of concurrent rhinitis and use of
asthma medication were tested as confounding factors.
Statistical analysis was performed with PASW Statistics
for Windows, Version 18.0. SPSS Inc., Chicago, United
States of America.

RESULTS

Study Population and Baseline Characteristics

This study was carried out from October 2007 to
November 2009 with enrolment of allergic asthmatic
children fromOctober 2007 to November 2008 (Fig. 1). A
total of 101 children aged 5–14 years were invited. Six
children, or 6.1%, dropped out, all due to loss of interest.
Baseline characteristics are described in detail in Table 2
and showed no significant differences between the two
groups.

Primary Outcome

We found no significant difference between the groups
regarding the proportions of symptom-free days (Table 3).
Due to a considerable amount ofmissing data regarding

this primary outcome, we chose to define a completion
rate of >85% (or data from 310 out of 365 days) as
reliable. For 83 children, data was successfully recorded
from >310 days. This means that 10 children, five from
each group, provided us with incomplete data due to

TABLE 1—Algorithms

Clinical group Controlled asthma Partly controlled Uncontrolled

FeNO group NO�20 ppb and controlled NO�20 ppb and partly
controlled or uncontrolled

NO>20 ppb regardless of
symptoms

Current treatment Adapt Adapt Adapt
ICS (dosage in

budesonide

or equivalent)

ICS step down: �100mg/day,
below 100mg/day: stop and

add LTRA

ConsiderþLTRA þLTRA

LTRA ¼ Considerþ ICS 100mg/day
(maximum 200mg/day)

þICS 100mg/day (maximum

200mg/day)
ICSþLTRA ICS step down: �100mg/day,

below 100mg/day: stop ICS

Consider ICS step up

þ100mg/day (maximum

400mg/day, then add

LABA)

ICS step up: 100mg/day,
(maximum 400mg/day,
then add LABA

ICSþLABA Stop LABA ConsiderþLTRA Replace LABA with LTRA

Asthma treatment was adjusted every 3 months according to these algorithms. Maintenance treatment contained the use of inhaled corticosteroids

(ICS), leukotriene receptor antagonists (LTRA, montelukast) and long-acting b-2 agonists (LABA).

Fig. 1. Participant flow. Contact was lost in two children. Fifty

children were assigned to the clinical group and 49 children to

the FeNO group.
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negligence, which resulted in 23% to 79%missing data in
the datasets of these individual children.

Secondary Outcomes

Significantly fewer exacerbations and unscheduled
contacts were observed in the FeNO group. These two
parameters were correlated (Spearman’s correlation
coefficient: 0.725, P< 0.001), which could indicate that
most unscheduled contacts were due to exacerbations.
Moreover, fewer participants from the FeNO group
experienced one or more exacerbations and required
unscheduled contacts (Table 3). Comparable numbers of

children in the FeNO and clinical groups had been
admitted to the hospital or emergency room, or missed
school. A similar number of caregivers in both groups had
to take time off during the 52-week follow-up. Four oral
corticosteroid courses were prescribed in three children in
the clinical group, whereas three courses were prescribed
in two children in the FeNO group. Multiple logistic
regression models were used to analyse the relationship
between the incorporation of FeNO measurements and
the occurrence of one or more exacerbations over
52 weeks (see Table 4 for best fitted model). Not
implementing FeNO measurements was associated
with a significantly increased risk of experiencing

TABLE 2—Baseline Characteristics

Clinical group (n¼ 50) FeNO group (n¼ 49) P-value

Gender, n male/female1 33/17 33/16 0.89

Age, year3 10.7

(2.1; 6.3–14.3)

10.6 (2.2; 5.2–14.2) 0.91

Weight, kg3 36.7

(10.7; 20.0–72.3)

36.2 (10.2; 18.0–69.0) 0.80

Height, cm3 143.2 (13.9; 117.0–179.2) 141.4 (14.4; 109.0–167.0) 0.52

Asthma severity:1mild, moderate, severe, n (%) 14 (28.0), 33 (66.0), 3

(6.0)

(1 missing value),

14 (28.6),

32 (65.3), 2 (4.1)

0.92

Asthma control: 1controlled, partly controlled,

uncontrolled, n (%)

22 (44), 22 (44), 6 (12) 21 (42.9), 18 (36.7), 10

(20.4)

0.49

Exposure to cigarette smoke, 1no/yes n 41/8 (1 missing value) 43/5 (1 missing value) 0.39

Concurrent rhinitis, no/yes n1 19/30 (1 missing value) 12/35 (2 missing values) 0.17

FEV1, % predicted3 89.0 (16.2; 53.0–123.3) 92.9 (12.2; 67.4–125.5) 0.18

FEV1 post bronchodilator,
3 % predicted 96.7 (13.9; 67–127.8) 101.3 (11.8; 78.6–144.5) 0.08

FeNO, ppb2 27.5 (16.3–47.3) 32.5 (13.8–72.0) 0.71

Daily ICS dose, mg2 320 (145–400) 320 (160–400) 0.94

LTRA use, n no/yes1 29/21 24/25 0.37

LABA use, n no/yes1 27/23 24/25 0.62

Number of children who had �1 exacerbation�,
count/total (%)1

12/46 (26.1) 12/48 (25.0) 0.90

Number of asthma exacerbations�, count2 17 15 0.86

Mean data (SD, range: minimum-maximum) or median (interquartile range) are displayed.
1Chi-square test.
2Mann–Whitney test.
3Student’s t-test.
�During the three preceding months before visit 1.

TABLE 3—Main Outcome Parameters Over 52 Weeks

Clinical group FeNO group P-value

Percentage of Symptom-free days, median (interquartile range)2 79.6 (51.7–94.0) 83.7 (27.1–91.9) 0.58

Number of asthma exacerbations over 1 year, count2 35 18 0.02

Number of unscheduled asthma-related contacts over 1 year, count1 28 14 0.03

Number of children who had � 1 exacerbation, count/total (%)1 22/46 (47.8%) 11/46 (23.9%) 0.02

Number of children with � 1 unscheduled contact, count/total (%)1 15/43 (34.9%) 6/44 (13.6%) 0.02

Number of children with � 1 hospital admission, count/total (%)1 1/43 (2.3%) 1/43 (2.3%) 1.00

Number of children with � 1 emergency room admission, count/total (%)1 4/46 (8.7%) 2/45 (4.4%) 0.41

Number of children who missed school, count/total (%)1 12/46 (26.1%) 10/46 (21.7%) 0.63

Number of children whose caregiver had to take time off, count/total (%)1,� 8/46 (17.4%) 6/45 (13.3%) 0.59

The chi-square test1 and Mann–Whitney test2 were used for the statistical analysis.
�None of the caregivers had to take time off from work twice to look after their child.
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exacerbations. In the same way, the presence of con-
current rhinitis generated an increased asthma exacerba-
tion risk, as demonstrated using the multiple logistic
regression model. Additionally, an association between
higher LTRA use and the occurrence of exacerbations
over 52 weeks was observed.

FEV1, Reversibility and FeNO Measurements

The lung functionwas examined at each visit. At visits 1
and 5, reversibility in FEV1 after administration of 200mg
short acting b-agonists was included. No differences were

revealed between the two groups. Moreover, in both
groups FEV1 and reversibility in FEV1 remained stable
between visits 1 and 5 (E-Tables 1–3). In the clinical
group, FeNO values exhibited no significant changes over
the five visits. In the FeNO group, an evolution toward
lower FeNO values was observed (Fig. 2a).

Medication

Figure 2b–d illustrates the use of asthma medication in
the two groups. The cumulative daily ICS dose was
calculated by summing the daily dose of budesonide (or

TABLE 4—Multiple Logistic Regression Model for the Risk of Experiencing �1 Exacerbation

Variables

Unadjusted Odds ratio

(95% CI) P-value

Adjusted Odds ratio

(95% C.I.) P-value

Not implementing FeNO measurements

(�randomization)

2.92 (1.20–7.11) .019 6.19 (2.03–18.85) 0.001

Concurrent rhinitis 2.59 (0.96–6.97) .060 3.96 (1.27–12.31) 0.017

Cumulative ICS dose 1.00 (1.00–1.00) .064 1.00 (1.00–1.00) 0.066

Months of LTRA use 1.09 (0.98–1.21) .119 1.15 (1.01–1.30) 0.036

The best fitted model is provided above, only the variables randomization, concurrent rhinitis, cumulative ICS dose and months of LTRA use were

included.

Fig. 2. FeNO values andmedication use. Graphs A (FeNO values) and C (ICS use during the three

preceding months) plot median values and interquartile ranges (Mann–Whitney test). Graphs B

(LTRA use) and D (LABA use) illustrate the percentages of medication users at each visit (Chi-

square-test). P-values are displayed under the X-axis.
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equivalent) of visits 1–5. No differences were detected
regarding the median daily ICS doses at all visits or the
median cumulative daily ICS doses (interquartile range)
between the clinical and FeNO groups: 1,200mg (675–
1,600) and 1,280mg (800–1,800), respectively. However,
in the FeNO group an increase of the ICS dose was
observed between visits 1 and 5 (Wilcoxon Signed Ranks
test, P¼ 0.013); in the clinical group, no difference was
seen between visits 1 and 5 (P¼ 0.649). Subsequently, the
change in daily ICS dose after 52 weeks of study follow-
up was calculated by subtracting the daily ICS dose at
visit 1 from the dose at visit 5. A median change of ICS
dose (interquartile range) of 0mg (�200, þ80) in the
clinical groupwas demonstrated, compared with a change
of þ100mg (0, þ400) in the FeNO group (P¼ 0.016).
Regarding LABA and LTRA use, the months of
consumption were accounted during the 52-week fol-
low-up. No difference was noted in the median
(interquartile range) number of months of LABA use: 0
(0–9.8) in the clinical group and 6 (0–12) in the FeNO
group. In the FeNO group, more months of leukotriene
receptor antagonist use (median (interquartile range))
were observed: 12 (9–12) months, compared with 9 (3–
12) months in the clinical group (P¼ 0.019).

The Discordance:Concordance Ratio

As a post-hoc analysis, we calculated the discordance:
concordance ratio (D:C ratio), as an additional metric for
FeNO trials.20,21 The D:C ratio assesses the agreement
between the study algorithm decisions. For every follow-
up occasion, the therapy decision advised according to the
applied algorithm can be compared with the decision that
would have been advised if the patient had been allocated
to the other algorithm. If both algorithms provide
identical treatment recommendations for given decision
points, it remains unlikely that a reliable difference in
outcome parameters between the algorithms can be
detected. The D:C ratio is calculated by dividing the
number of times a decision is taken and the algorithms
disagree, by the number of times the algorithms agree. In
our trial, the decision-option “consider” complicated the
calculation of the D:C ratio (see Table 1). Therefore, only
those decision points during the trial were included if
hypothetical comparison between the different algorithms
was possible. After examining 74% of all decision points,
we calculated a D:C ratio of 1.05.

DISCUSSION

In our trial, the implementation of FeNOmeasurements
in childhood allergic asthmamanagement resulted in fewer
exacerbations over a 52-week follow-up. Moreover, fewer
children in the FeNO group experienced one or more
exacerbations.However, theFeNOstrategydidnotalter the
proportion of symptom-free days. Therapy adjustments

depending on FeNO measurements augmented the daily
ICS doses between visits 1 and 5 and increased LTRA use.
A recent meta-analysis including six randomized

controlled FeNO trials in children, adolescents and adults
concluded that measuring FeNO to tailor the ICS dose
cannot be routinely recommended for clinical practice at
this stage.8 Indeed, the results of these trials regarding the
improvement of asthma control and in particular
regarding the reduction of exacerbations have been
equivocal.21 However, these results must be seen in the
light of several complex design issues. A substantial
degree of methodological heterogeneity exists between
these studies, namely regarding the definition of an
exacerbation, the patient selection, the duration of the
trial, algorithms for treatment adjustment and FeNO cut-
off values.8 Recently, the specific methodological design
features of asthma treatment algorithm studies examining
add-on FeNO were summarized.20,21 The recommenda-
tion was to conduct multicenter, double-blind, parallel-
group effectiveness trials to avoid additional bias,
particularly evaluating asthma exacerbations as the
most relevant primary outcome. Since well- and easily-
controlled treatment-compliant patients experience few
exacerbations and will probably not benefit much from
additional FeNO measurement, it is additionally recom-
mended to recruit a broad population in terms of asthma
control, severity and level of therapy. Our trial was
designed before these insights were published. Neverthe-
less, we came very close to these guidelines as we
performed a multicentre, single-blind, parallel-group,
randomized controlled trial in a moderately broad
population regarding severity and level of therapy and
focused on childhood allergic asthma.
Moreover, Gibson, Barnes and colleagues stress the

need for an additional metric to assess the degree of
agreement between the study algorithm decisions: the D:
C ratio.20,21 A low D:C ratio, between 0 and 1, could
explain inconclusive study results, while a ratio score
above 1 could indicate a potentially effective algorithm.
We obtained a D:C ratio of 1.05, which indicates a
potentially effective algorithm.
For the assessment of symptom-free days as the

primary outcome, a surrogate marker of asthma control,
we had to rely on a series of subjective questions on a
diary card. Only 84% of participants succeeded in
providing data from >310 days during the 52-week
follow-up. The obtained patient-reported results must be
interpreted in light of these limitations.
Further, we examined the occurrence of asthma

exacerbations as a secondary outcome parameter, which
was also suggested by the novel recommendations. Mild
to severe exacerbations affect the patient’s quality of life
and daily activities and are therefore of interest as a main
outcome parameter.8 Exacerbations can be rare events and
this might explain why the reduction in exacerbations in
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our trial did not translate into significantly more
symptom-free days. Consequently, an important limiting
factor in order to capture asthma exacerbations is the
duration of the trial. A limited follow-up period could
hinder a truthful assessment of health benefits due to an
intervention in the management of a chronic, highly
variable illness such as asthma. The results of previous
trials may not reflect the outcomes observed over a longer
time period and can lead to biased or misleading
conclusions about long-term effects.22,23 We conducted
a prospective study with a 52-week monitoring, compa-
rable to three previous trials.19,24,25 Pijnenburg and
colleagues reported a non-significant difference in the
occurrence of exacerbations: eight severe exacerbations
in seven patients in the FeNO group versus eighteen
exacerbations in ten patients in the clinical group.19 The
open label study of Verini and colleagues on the other
hand showed a significant reduction of mild to severe
asthma exacerbations.24 Similarly, we revealed a signifi-
cant reduction of asthma exacerbations in the FeNO
group. These exacerbations were probably rather mild,
since only three oral corticosteroid courses were
prescribed in the FeNO group. Interestingly, our multiple
logistic regression analysis confirmed that this reduc-
tion was the result of the implementation of FeNO
measurements in the treatment algorithm. Moreover, the
logistic regression analysis suggested an additional risk
factor for the occurrence of asthma exacerbations:
concurrent rhinitis, which is a known predisposing factor
in the development of symptoms and asthma exacer-
bations.1 The association between higher LTRA use and
the occurrence of exacerbations over 52 weeks is
probably more indirect, indicating that patients receiving
more LTRA are also exposed to a higher exacerbation
risk.
Administration of ICS forms the keystone of anti-

inflammatory treatment. However, LTRA also deserves a
place as an alternative or add-on option in the manage-
ment of allergic childhood asthma, reducing the FeNO
levels.1,12 LTRA produces clinically relevant improve-
ments in asthma and allergic rhinitis-related parameters,
including exercise-induced symptoms, quality of life and
the number of asthma exacerbations.1,26 A recently
published similar trial primarily focused on ICS titration
and could not demonstrate a reduction in exacerbations.25

Therefore, our algorithms contained the adjustment of
ICS and LABA, but also of LTRA. Consequently, our
study exhibited an increase in LTRA use in both groups,
where children in the FeNO group received significantly
more LTRA. In contrast, the median daily dose of ICS at
each visit and the cumulative steroid dose did not differ
between the two groups. Nevertheless, a trend toward
higher doses of ICS in the FeNO groupwas translated into
an increase of ICS doses in the FeNOgroup betweenvisits
1 and 5. This might be related to our study design, in

which the decision arms containmultiple occasions to add
LTRA or ICS. It could also be argued that the relatively
lower median daily steroid doses and lower LTRA use in
the clinical group indicate underdosing in some or
inadequate treatment in others, resulting in more
exacerbations. Nevertheless, looking at these results
from an alternative point of view might indicate
overtreatment in some participants in the FeNO group.
FeNO values in this trial did not differ between groups

and did not change between visits 1 and 5. Although a
trend toward decreased FeNO values was observed in the
FeNO group, significance was not reached, probably due
to the wide range of FeNO values. In our trial, the use of
20 ppb as the FeNO cut-off point was derived from
previous data regarding upper limits of population-based
normal values.15,16 In other FeNO trials, cut-off values
ranged from 12 up to 40 ppb.19,22–25,27 Although reduc-
tion of FeNO levels to “normal” might seem desirable, a
growing body of evidence implies that cut-off points
should be based on FeNO levels characteristic of the
population of interest instead.21 For instance, the cut-off
points for well-controlled asthma are different from, and
might be higher than, FeNO values in normal subjects.
In our trial, asthma control without exacerbations
was also achieved in patients with FeNO levels above
20 ppb. Therefore, it has been proposed to include more
than one cut-off point, for example separate cut-off points
for increasing and decreasing anti-inflammatory treat-
ment.20,21 In this way, a decrease of medication could
depend on the range of FeNO values found in patients
with well-controlled asthma who remain stable after
therapy reduction. On the other hand, FeNO values
recorded in uncontrolled asthmatic patients at risk of
adverse events could be used to define an appropriate cut-
off point for an increase in medication.20 Furthermore,
substantial inter-individual variability of FeNO levels
among clinically stable patients and variation of FeNO
values by age have been identified 15,21. For this reason,
the percentage of change from baseline or from one’s
personal best FeNO value could additionally be evaluated
in order to increase or decrease medication.
We demonstrated that incorporating FeNO measure-

ment in childhood asthma management was helpful in
reducing asthma exacerbations and unscheduled contacts.
The proportion of symptom-free days as a subjective
outcomemeasure of asthma control did not differ between
groups. Furthermore, an increase of LTRA use and ICS
doses was detected in the FeNO group. We suggest
exploration in greater depth of themodalities of FeNO cut-
off values needed in the treatment algorithms and focusing
further research on the occurrence of asthma exacerba-
tions as the most relevant primary outcome. In accordance
with recent study design recommendations, we strongly
recommend further evaluation of FeNO measurements in
double-blind, parallel-group, multicenter, randomized
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controlled trials in broad populations in terms of asthma
severity, control and level of asthma therapy.
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E-table 1 FEV1 measurements

E-table 1. FEV1,(mean % predicted, SD, range: minimum-maximum) values are reported. a Student’s t test, b Paired samples t test

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 5 compared

with visit 1b

Clinical group 89.0

(16.2, 53.0-123.3)

90.7 (13.2, 61.7-

126.0)

88.7

(15.4, 41.0-129.0)

91.3

(13.5, 61.4-134.4)

91.2

(12.3, 59.8-117.6)

0.40

FeNO group 92.9

(12.2, 67.4-125.5)

92.2.

(14.1, 60.9-117.0)

92.4

(13.6, 52.4-120.9)

93.1

(13.9, 66.8-126.3)

93.9

(15.5, 51.1-147.1)

0.70

P-value a 0.18 0.60 0.22 0.51 0.36



E-table 2 FEV1 measurements post bronchodilator

E-table 2. FEV1 post bronchodilator,(mean % predicted, SD, range: minimum-maximum) values are reported. a Student’s t test, b Paired samples
t test

Visit 1 Visit 5 Visit 5 compared with visit 1b

Clinical group 96.7 (13.9, 67.0-127.8) 99.5 (10.2, 68.6-122.6) 0.19

FeNO group 101.3 (11.8, 78.6-144.5) 101.6 (10.5, 80.2-120.3) 0.95

P-value a 0.08 0.33



E-table 3 Reversibility of FEV1 measurements

E-table 3. Reversibility (median% change, interquartile range) values are reported. a Mann-Whitney test, b Wilcoxon Signed Ranks test

Visit 1 Visit 5 Visit 5 compared with visit 1b

Clinical group +6.9

(1.8-16.0)

+9.00

(4.4-12.7)

0.73

FeNO group +8.4

(3.3-15.0)

+7.91

(4.6-12.1)

0.50

P-value a 0.64 0.73
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