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ABSTRACT
Background Asthma guidelines recommend
monitoring of asthma control. However, in a substantial
proportion of children, asthma is poorly controlled and
the best monitoring strategy is not known.
Objectives We studied two monitoring strategies for
their ability to improve asthma outcomes in comparison
with standard care (SC): web-based monthly monitoring
with the (Childhood) Asthma Control Test (ACT or
C-ACT) and 4-monthly monitoring of FENO.
Methods In this randomised controlled, partly blinded,
parallel group multicentre trial with a 1-year follow-up,
children aged 4–18 years with a doctor’s diagnosis of
asthma treated in seven hospitals were randomised to
one of the three groups. In the web group, treatment
was adapted according to ACT obtained via a website at
1-month intervals; in the FENO group according to ACT
and FENO, and in the SC group according to the ACT at
4-monthly visits. The primary endpoint was the change
from baseline in the proportion of symptom-free days
(SFD).
Results Two-hundred and eighty children (mean age
10.4 years, 66% boys) were included; 268 completed
the study. Mean changes from baseline in SFD were
similar between the groups: −2.1% (web group, n=90),
+8.9% (FENO group, n=91) versus 0.15% (SC, n=87),
p=0.15 and p=0.78. Daily dose of inhaled
corticosteroids (ICS) decreased more in the web-based
group compared with both other groups (−200 μg/day,
p<0.01), while ACT and SFD remained similar.
Conclusions The change from baseline in SFD did not
differ between monitoring strategies. With web-based
ACT monitoring, ICS could be reduced substantially
while control was maintained.
Trial registration number NTR 1995.

INTRODUCTION
In a substantial proportion of children with asthma,
control is not achieved.1–3 Guidelines pay little
attention to monitoring strategies. The Asthma
Control Test (ACT) and the Childhood ACT
(C-ACT) for children aged <12 years are simple,
validated tools to assess asthma control.4 5

Web-based ACT monitoring of asthma control has
the potential to standardise the assessment of
asthma control, increase awareness of asthma and
improve adherence. The fraction of nitric oxide in
exhaled air (FENO) is a non-invasive biomarker of
eosinophilic airway inflammation6 but the benefits

of FENO for asthma monitoring are not yet clear.7 In
the present study, we evaluated the possible benefits
of web-based monitoring with monthly ACT mea-
surements and adapting the treatment based on
4-monthly FENO measurements. We hypothesised
that both strategies are superior to standard care (SC).

METHODS
The ‘Better Asthma Treatment: Monitoring with
ACTand Nitric oxide’ study was a multicentre, pro-
spective, partly blinded, parallel-group, three-arm
randomised controlled superiority trial on monitor-
ing strategies in asthmatic children with a follow-up
of 1 year (trial number NTR 1995).

Patients
Children aged 4–18 years, with atopic asthma
based on clinical symptoms, a previous broncho-
dilator response of >9% increase in FEV1 of
predicted (FEV1%) and/or previous airway hyper-
responsiveness (AHR) to methacholine were
recruited by their own paediatrician from general
hospitals (n=5) and tertiary referral centres (n=2)
in the Netherlands from February 2010 to
November 2011. Atopy was defined as a radioaller-
gosorbent test class 2 or higher for at least one air-
borne allergen. Patients had been using inhaled
corticosteroids (ICS) for at least 3 months before
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Key messages

What is the key question?
▸ Does web-based monthly monitoring with the

(Childhood) Asthma Control Test or 4-monthly
monitoring of FENO improve asthma outcomes
in comparison with standard care?

What is the bottom line?
▸ This randomised controlled trial shows that

neither monthly web-based monitoring with
the Asthma Control Test nor regular
measurement of FENO increased symptom-free
days in asthmatic children.

Why read on?
▸ Despite the emphasis of asthma guidelines on

monitoring childhood asthma, the best way of
how to do this is still unknown; this study
evaluates three monitoring strategies.
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the study. Exclusion criteria were active smoking, pulmonary
diseases other than asthma, recent (<1 year) or multiple admis-
sions to an intensive care unit for asthma, inability to perform
FENO measurements and/or the use of omalizumab. All parents
and children aged ≥12 years gave written informed consent.

Study design
Patients were screened for eligibility by the physician and
enrolled by the local investigator, who collected data on subject
characteristics, FENO and ACT score (visit 0). After a 4-week
run-in period, children were automatically and randomly allo-
cated to one of the three groups by a randomisation programme
on the study website, in a 1:1:1 ratio, stratified for age (<12 or
≥12 years), centre and dose of ICS (<400 or ≥400 mg budeso-
nide or equivalent daily dose; figure 1). Children who com-
pleted <50% of the diaries in the run-in period were
withdrawn from the study. In the web group, treatment was
adapted monthly according to the web-based ACT score, while
in the FENO group, treatment was adapted to FENO and ACT
score at clinic visits every 4 months (figure 2). In the FENO

group, we used two cut-off points for decreasing (<25 ppb) or
increasing (>50 ppb) treatment. In the SC group, the ACT score
during clinic visits directed treatment (figure 2). In case of ACT
≥20 step down was advised, but the physician was allowed to
leave treatment unchanged. The study duration was 12 months,
with visits at 4-month intervals and one baseline visit 4 weeks
prior to randomisation. In addition, children randomised to the
web group were asked to fill in an ACT every month on a
website that provided a treatment advice by email by the
researcher or asthma nurse within three working days. In
the FENO and SC groups, treatment changes were possible at
the 4-monthly study visits; in the web group, treatment could be
changed monthly. Patients were not blinded to randomisation
group. The treating physicians were blinded to randomisation
group, FENO and ACT. The local investigators, unblinded to
ACT and FENO, provided the physicians with treatment advice
based on the study algorithms and on the treatment plan (figure 2;
see online supplementary table S1). Physicians could deviate
from this advice for documented clinical reasons only. The
primary endpoint was change from baseline of the proportion
of symptom-free days (SFD); secondary endpoints were changes
from baseline of ACT, daily symptom score, daily bronchodila-
tor doses, daily ICS dose, asthma-related quality of life, dose of
methacholine causing a 20% fall in FEV1 (PD20), FVC, FEV1

and maximal expiratory flow at 25% of vital capacity (MEF25)
and exacerbations during the study. The final ICS dose was the
dose the patient was on immediately prior to the final visit.

Symptom-free days
SFDs were defined as days without daytime or night-time symp-
toms and were obtained from a web-based diary which recorded
daytime and night-time symptoms, limitation in activity and use
of reliever medication.8 Diary data were collected twice daily
during the 4-week run-in period, during the 2 weeks preceding
each visit and during 4 weeks preceding the final visit (figure 1).
Each symptom item had four response levels (0=asymptomatic
to 3=highly symptomatic); the maximal daily diary score was
21. Diaries were automatically date-stamped and time-stamped
and could be filled in until 5 days after the date. Participants
received a reminder by email once daily.

Asthma Control Test
We used the Dutch, translated and linguistically validated
version of the ACT (MAPI-research institute, Lyon, France) in

children from the age of 12 years, and the C-ACT for children
aged 4–11 years.4 5

Lung function and FENO
FVC, FEV1 and MEF25 were assessed using an electronic spir-
ometer (Masterscreen, Jaeger, Würzburg, Germany) and
expressed as percentage predicted or z-score according to
GLI2012.9 The provocative dose of methacholine that produced
a 20% fall in FEV1 (PD20) was measured using the dosimeter
method (see details in the online supplement). FENO was mea-
sured online on the NIOX chemiluminescence analyzer or
NIOX MINO (Aerocrine, Stockholm, Sweden) according to
guidelines.10

Quality of life
In children aged 12 years and older, asthma-related quality of
life was measured with the 23-item self-reported Dutch vali-
dated version of the Paediatric Asthma-Related Quality of Life
Questionnaire (PAQLQ) for children11 12 and expressed as
overall asthma-related quality of life. In children aged below
12 years, we used the Paediatric Asthma-Related Caregiver
Quality of Life Questionnaire (PACQLQ).11 In both tests, the
maximal score of 7 indicates optimal quality of life.

Statistical analysis
Because there were two major comparisons in this study (Web
vs SC and FENO vs SC), the alpha level was set at two-sided
0.025. For all other comparisons, the limit of significance was
set at two-sided p=0.05.The power of the study was calculated
to detect differences between the experimental arms and SC,
based on 18% increase in the mean percentage of SFD (corre-
sponding to 2.5 extra SFD in 2 weeks time) with 80% probabil-
ity in 87 children per group.13 Baseline data were compared
using the χ2 test for categorical data or the Kruskal–Wallis test
for continuous data. Diary data were evaluated using repeated
measurements analysis of variance with baseline data during
run-in used as covariates. The significance of differences of
other continuous endpoints was determined using analysis of
covariance (adjusted for baseline). For within-group compari-
sons, we used paired t tests. The statistical analysis of PD20 is
described in the online supplement. Data were analysed with
SPSS for Windows, V.21.0.

RESULTS
Of the 481 children who were eligible for participation, 201
refused, mostly because they were too busy with school (figure 3).
Eight children could not be randomised because of non-
adherence. Thus, 272 were included: 91 in the web group, 92
in the FENO group and 89 in the SC group. Baseline character-
istics are given in table 1. The drop-out rate during the trial was
small in both groups (web: n=1, FENO: n=1; SC: n=2), all
related to non-compliance. The proportions of children with
well-controlled asthma (ACT≥20) at the start of the study were
0.77 for the web group, 0.73 for the FENO group and 0.76 for
the SC group (NS). Baseline ACTwas significantly higher in the
web group compared with the FENO group, but in both inter-
vention groups, ACTwas not significantly different from the SC
group.

Symptom-free days
The change in the proportion of SFD between visits 1 and 4 did
not differ significantly between the groups (SC vs web group:
0.07 (p=0.2); SC vs FENO: 0.01 (p=0.8)). A small but signifi-
cant within-group change was seen both in the FENO group and
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in the SC group: 0.53 to 0.62 (p=0.01) and 0.54 to 0.61
(p=0.04), respectively (table 2). Longitudinal data are presented
in the online supplement.

ACT scores
The FENO group showed a 1.7-point improvement in ACT that
was higher than in the SC group (0.4 points) (p=0.02). This
change in (C-) ACT points was determined by the findings in
the young children who used the C-ACT: 1.84 points (p<0.01),
while no such change was present in children who used the
ACT (−0.28 points, p=0.7). No significant change in the ACT
was seen in the web group.

Symptom scores, limitation of activities and use of β-2
agonists
The change between visits 1 and 4 in mean daily symptom
scores and the use of β-2 agonists did not differ between the SC
and the web group or between the SC and the FENO group
(table 2). The mean daily symptom score improved within the
FENO group only (−0.40, p=0.01).

Exacerbations
There were 42 exacerbations during the study: 7 hospital admis-
sions and 35 systemic steroid courses. The distribution over the
groups was similar: 10, 14 and 17 exacerbations in the web,
FENO and SC groups, respectively. The exacerbation number
per patient per year was 0.11 (web group), 0.15 (FENO group),
0.20 (SC); differences were not significant.

Lung function and FENO
Mean changes from baseline in lung function and PD20 did not
differ between groups (table 2). FEV1 and FVC increased signifi-
cantly in both the FENO and the SC group. Data on PD20 are
presented in the online supplement. Within all groups, a signifi-
cant increase in FENO was found. The geometric means of
FENO increased by a factor of 1.6 in the web group, 1.4 in the
FENO group (both p<0.01) and 1.2 in the SC group (p=0.04).
Changes in FENO during the study were significantly different
between the SC and the web group, but not between the SC
and the FENO group. The ratios of geometric means, adjusted
for baseline, were 1.3 (p<0.01) for the web group and 1.1 for
the FENO group (p=0.24) as compared with the SC group.

Treatment levels and ICS doses
At visit 1, median ICS doses, long-acting β-agonist use and leu-
kotriene receptor antagonist use did not differ between the
study groups (table 1). In all groups, medication could be
reduced. Medication could be reduced by 74% in children in
the web group, 52% in the FENO group and 45% in the SC
group. The reduction was significantly larger in the web group

compared with the SC group (p<0.001), but not in the FENO

group. The mean daily ICS dose was reduced by 201 μg in the
web group, 107 μg in the FENO group and 54 μg in the SC
group (both p<0.01, table 2). Longitudinal data are presented
in the online supplement.

Quality of life
In all groups, there were no significant changes in PAQLQ or
PACQLQ scores, and mean changes from baseline did not differ
between the groups (table 2).

Decision making
For the FENO group and the SC group, we determined whether
the treatment advice would have been different if patients had
been allocated to the other study group, which was the case in
62% of all decisions.

Adherence of patients and physicians
The completion rates of the web-based diary cards, web-based
ACTs, medication adherence and physicians’ adherence to the
protocol were excellent (see online supplement).

In online supplementary table S2, absolute values of second-
ary outcomes at the start and end of the study are presented.

DISCUSSION
We compared web-based ACT monitoring and FENO monitoring
with SC in children with allergic asthma. After 1 year, both
strategies had not improved the number of SFD more than SC.
Monthly web-based ACTs resulted in a clinically relevant
decrease of ICS dose, while maintaining asthma control.
Children in the FENO group showed a modest increase in (C-)
ACT score as compared with SC, with similar average medica-
tion levels. This increase in asthma control was only found in
the children under the age of 12 years who used the C-ACT.
Other measures of asthma control did not improve as a result of
FENO monitoring.

The ACT is increasingly used in asthma management and the
Global Initiative for Asthma guidelines state that ‘the value of
ACT and C-ACT in clinical use has yet to be demonstrated but
will likely become evident in coming years.’2 This study does
not support the clinical use of monthly ACT measurements as
our primary outcome did not improve. However, we were able
to decrease the dose of ICS significantly only in the web group,
and this suggests that ACT-guided step-down of treatment is
feasible and safe, and reduces overtreatment. By administering
the ACT once monthly, a fast response to changes in asthma
control is possible. The higher frequency of healthcare contacts
may explain part of the success of this approach. Web-based
monitoring is a promising new strategy in the care for patients
with a chronic illness, including asthma. It enables for remote

Figure 1 Study design. At visit 1,
children were randomly allocated to
one of the three study groups.
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delivery of care, facilitating timely access to healthcare, support-
ing self-monitoring, medication adherence and education.14–18

Earlier studies showed improved lung function, increased adher-
ence, improved asthma control, increased knowledge and
improved quality of life after web-based monitoring of asthma

compared with SC.19–21 We did not find improved asthma
control with web-based ACT monitoring. One might argue that
baseline ACT, PAQLQ and lung function were higher in the web
group than in the SC group, suggesting that the children in the
web group had better controlled asthma. Hence, they may have

Figure 2 Study algorithm of (A) the
web group, (B) the FENO group and (C)
the standard care group. In the web
group, patients were asked about
adherence to treatment and on signs
of airways infection if they returned an
Asthma Control Test (ACT) or
Childhood ACT (C-ACT) <20. If
adherence was poor, or patients had
clinical signs of an airway infection
(runny nose, fever and malaise), there
was no step-up in treatment.
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had a greater likelihood of successful ICS reduction. However,
the difference between ACT at baseline and the change in ACT
from baseline was not significantly different for both groups.
This simple strategy halved the dose of ICS, which is substantial,
potentially cost-saving and may prevent overtreatment and limit
side effects like reduced growth velocity. We did not observe

effects on growth: changes in height between the web group
and SC group were not significant (data not shown). During the
study, FENO increased in the web group when compared with
the SC group to a median of 25.2 ppb, which is a common
value in well-controlled asthma. This might be explained by the
decrease in ICS and by regression to the mean.

Figure 3 Patient flow according to CONSORT guidelines. A total of 481 children were approached to participate in the study, of which 201
refused. A total of eight children could not be randomised. In the web group, one dropped out; in the FENO group, one dropped out; in the standard
care group, two children dropped out.

Table 1 Patient characteristics

Web group
(n=91)

FENO group
(n=92)

Standard care
group (n=89) p Value

Age (year) 10.6 (2.8) 10.3 (2.9) 10.2 (3.2) 0.57
Male 60 (66) 62 (67) 61 (69) 0.94
Height 145.9 (17.0) 144.3 (16.2) 141.5 (16.6) 0.20
Initial ICS dose, μg 400 μg (400–800) 400 μg (400–800) 400 μg (400–800) 0.97
LABA use 42 (46) 44 (48) 40 (45) 0.93
LTRA use 11 (12) 12 (13) 11 (12) 0.98
FENO, ppb 17.1 (10.0–30.0) 15.4 (10.0–26.3) 21.4 (10.5–35.1) 0.64
FEV1, %pred 98.1 (12.6) 95.2 (12.6) 93.9 (14.0) 0.11
FVC, %pred 103.3 (12.2) 100.3 (12.8) 101.0 (13.0) 0.29
FEF75, %pred 91.0 (35.7) 87.3 (33.1) 76.0 (29.3) 0.01
PD20, μg methacholine 178.5 (26.3–738.7) 118.1 (41.0–1084.4) 158.2 (36.6–379.9) 0.46

ACT or C-ACT score 22.1 (3.5) 20.7 (4.3) 21.1 (3.3) 0.03
ACT≥20 73 (81) 60 (65) 62 (70) 0.05
Daily symptom score 1.1 (1.3) 1.4 (1.7) 1.3 (1.4) 0.26
Daily SABA, puffs 0.4 (0.8) 0.6 (1.2) 0.4 (0.8) 0.29
Symptom-free days, % 60 (33) 53 (34) 54 (35) 0.26
PAQLQ score child 6.3 (5.9–6.6) 6.0 (5.6–6.6) 6.2 (5.9–6.6) 0.65
PACQLQ score parent 6.7 (6.2–7.0) 6.3 (5.7–6.8) 6.1 (5.8–6.8) 0.01

Data shown are numbers of patients (%), mean (SD) or median (IQR).
ACT, asthma control test; C-ACT, Childhood ACT; FEF75, forced expiratory flow at 25% of vital capacity; ICS, inhaled corticosteroids; LABA, long-acting β agonist; LTRA, leukotriene
receptor antagonist; PACQLQ, Paediatric Asthma-Related Caregiver Quality of Life Questionnaire; PAQLQ, Paediatric Asthma-Related Quality of Life Questionnaire; PD20, doses of
methacholine causing a 20% fall in FEV1; SABA, short-acting β agonist.
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A meta-analysis on 21 randomised controlled trials on tele-
monitoring interventions in both children and adults with
asthma concluded that telemonitoring was comparable with SC
regarding quality of life, emergency room visits and hospitalisa-
tions for asthma.22 A recent review on digital asthma self-
management interventions concluded that these interventions
are promising, with evidence of beneficial effects.23 Differences
in populations, web-based interventions or frequency of internet
contact may account for these discrepancies. The relatively low
monitoring frequency in our study might have contributed to
the high compliance rates and positive effect. The application of
web-based monitoring in childhood asthma management has
previously been shown feasible and was well accepted.20 22 24 25

In our study, compliance with web-based ACT monitoring was
high and patients were generally satisfied with the web-based
strategy, in line with earlier studies.24 25 Future research should
focus on determining which patients will benefit most from
web-based interventions, to achieve personalised management.

Several studies addressed titration of ICS treatment on FENO

as a marker of eosinophilic inflammation.13 26–28 Our primary
endpoint, SFD and other markers of asthma control did not
improve more with FENO monitoring than with SC. We did

observe that FENO monitoring improved the C-ACT scores in
children aged from 4 to 11 years with similar doses of ICS as
compared with SC. The ACT increase of 1.8 points in this age
group is modest but clinically relevant.8 A recent systematic
review of four paediatric studies showed no differences in
exacerbations, symptoms or lung function between FENO-based
and symptom-based monitoring.6 7 26–28 In a recent study,
FENO-guided asthma management did not improve the propor-
tion of SFD, which is in line with our study, but did result in
fewer exacerbations.29 How does the current study differ from
earlier studies? First, we used two FENO cut-off points to define
treatment adjustments, in contrast to other FENO dose titration
studies, but similar to the study of Szefler et al.26 The use of
two cut-offs to decrease (<25 ppb) or increase (>50 ppb) the
dose of ICS is more in accordance with clinical practice. While
FENO >25 ppb may be abnormal in healthy subjects, in patients
with well-controlled asthma, such a value is common, and a
growing body of evidence suggests that cut-offs should be based
on FENO levels characteristic of the population of interest.30 In
our study population, children with well-controlled asthma had
a median FENO level of 25 ppb (IQR 16–47). Therefore, a
cut-off of 25 ppb might not be optimal to increase the dose of

Table 2 Changes from baseline of different outcome parameters

Web
(n=90)

FENO
(n=91)

Standard care
(n=87)

Difference web versus
standard care
(95% CI) p Value

Difference FENO versus
standard care
(95% CI) p Value

Asthma-related symptoms
SFD, %
(n=265)

−2.07 8.90* 7.40* −6.60 (−15.5 to 2.3) 0.15 1.17 (−7.6 to 10.0) 0.78

ACT or C-ACT
(n=269)

0.12 1.73* 0.37 0.09 (−0.92 to 1.11) 0.86 1.19 (0.17 to 2.20) 0.02*

Daily symptom score
(n=264)

0.08 −0.40* −0.11 0.06 (−0.34 to 0.46) 0.77 −0.27 (−0.66 to 0.13) 0.19

Limitation of activities
(n=258)

0.04 −0.09* −0.02 0.05 (−0.05 to 0.15) 0.33 −0.05 (−0.15 to 0.05) 0.34

Exacerbations
(n=271)

10 14 17 7 0.07 3 0.28†

Medication
SABA use (puffs/day)
(n=270)

−0.15 −0.19* −0.18 −0.01 (−0.19 to 0.18) 0.93 −0.12 (−0.30 to 0.07) 0.21

ICS dose (μg)
(n=270)

−201* −107* −54 −150 (−241 to −60) <0.01** −53 (−144 to 36) 0.24

Lung function (z-score)
FEV1
(n=229)

−0.10 0.16* 0.26* −0.22 (−0.46 to 0.02) 0.07 −0.05 (−0.29 to 0.20) 0.71

FVC
(n=229)

−0.04 0.18* 0.22* −0.18 (−0.38 to 0.03) 0.09 −0.21 (−0.23 to 0.19) 0.84

FEF75
(n=221)

−0.20 0.09 0.16 −0.17 (−0.44 to 0.10) 0.21 0.06 (−0.21 to 0.34) 0.65

PD20,DD§
(n=132)

−0.33 0.14 −0.30 −0.06 (−1.14 to 1.00) 0.92 0.43 (−0.71 to 1.58) 0.46

FENO¶
(n=266)

1.64‡ 1.40‡ 1.18‡ 1.33 (1.09 to 1.62) <0.01** 1.12 (0.92 to 1.38) 0.24

Asthma-related quality of life
PAQLQ child
(n=89)

0.17 0.25 0.24 −0.05 (−0.34 to 0.23) 0.72 −0.13 (−0.42 to 0.15) 0.36

PACQLQ parent 0.02 0.22 0.05 0.10 (−0.16 to 0.35) 0.44 0.17 (−0.08 to 0.43) 0.17

Data shown are mean values of changes as determined by repeated measurements analysis of variance for the diary data, ACT or C-ACT and ICS dose. Analysis of covariance was used
for the lung function parameters in the comparison of groups, except for PD20 where the changes are calculated without adjustment for the baseline values.
*Significant at *p<0.05, **p<0.025.
†Mann–Whitney test.
‡Changes expressed as doubling doses (DD).
¶Changes expressed as ratio of geometric means.
ACT, asthma control test; C-ACT, Childhood ACT; ICS, inhaled corticosteroids; PACQLQ, Paediatric Asthma-Related Caregiver Quality of Life Questionnaire; PAQLQ, Paediatric
Asthma-Related Quality of Life Questionnaire; SABA, short-acting β agonist; SFD, symptom-free days.
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ICS in asthmatic children. Several studies have shown that
50 ppb seems more appropriate.31 Second, in our study, we
could decrease ICS when FENO values were low, while most
earlier studies did not allow for this. Third, and probably most
important, the treatment algorithms based on FENO and SC dif-
fered substantially: taking FENO into account led to a different
treatment decision at five of the eight possible treatment
changes (discordance–concordance ratio 1.7).32 In our study,
including FENO in the treatment algorithm had actually influ-
enced 62% of all treatment decisions.

Unexpectedly, only the younger children appeared to
have benefit from the FENO strategy. One might speculate
that overestimation of asthma control by the parents may play a
role and that FENO helps to assess asthma control more
objectively.33

Are our findings generalisable to general paediatric asthma
care? Almost half of all eligible children refused to participate in
the study, which may limit the conclusions due to selection bias.
However, these children did not differ from included children
regarding baseline characteristics. A limitation might be bias due
to the required internet access. However, more than 95% of
Dutch households have internet access at home, and only a
single eligible child was excluded for this reason.

In conclusion, we have shown that web-based monitoring
with monthly ACT or 4-monthly FENO in children with asthma
was feasible but did not improve SFD, our primary outcome.
Web-based monitoring led to a significant and clinically relevant
reduction in ICS dose with similar asthma control, suggesting
better, personalised asthma management. FENO monitoring
modestly improved asthma control selectively in children aged
<12 years without the need for higher ICS doses. We hypothe-
sise that a combined strategy of web visits in combination with
FENO measurements during clinic visits may be a superior strat-
egy to monitor children with asthma, and this should be tested
in future studies.
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Online supplement 

Method of airway hyperresponsiveness measurement 

Bronchial provocation tests with methacholine were performed according to the 

dosimeter method with calibrated nebulizers (DeVilbiss 646, DeVilbiss Co, Somerset, 

USA) and dosimeters (KoKo, PSD instrumentation, Louisville, USA). ICS, 

bronchodilators, leukotriene receptor antagonists and antihistamines were stopped for 

at least 36 hours prior to the bronchial provocation test. Nebulized methacholine 

bromide was given in doubling concentrations (0.038 to 39.2 mg/ml) with mouth doses 

of 0.76 up to 786 ug. Doses causing a 20% fall in FEV1 from baseline (PD20) were 

calculated by means of linear interpolation of the logdose-response curve. For safety 

reasons PD20 methacholine was only measured in patients with FEV1/ FVC ratio > 0.7 

or FEV1 >75% predicted. One center did not perform bronchial provocation tests 

because of different equipment (n=22). 

Statistical analyses of PD20 

For PD20 and FeNO a logtransformation was applied in all analyses and changes in 

PD20 were reported as doubling doses. For analysis of PD20 outcomes the program 

‘cnreg’ from the STATA package was used to allow for patients who did not reach the 

FEV1 threshold of a 20% decrease (“censored” data). 

Results on airway hyper responsiveness 

At visit 1, bronchoprovocation tests could not be performed in 70 children (28%) due to 

FEV1 <75% predicted and/or FEV1/ FVC < 70% (n= 16), because they were too young 



to perform reproducible spirometry (n=32), or for other reasons, including equipment 

failure (n=22). At visit 4, bronchoprovocation could not be performed in 88 children (too 

obstructive n=25, bad technique n=15, no bronchoprovocation test at visit 1 n=29, other 

n=19). In 12 children, no PD20 was reached after the maximal dose of methacholine at 

both visit 1 and 4. Because no conclusion could be drawn on changes in PD20 in these 

children, they were excluded from the analyses of changes in PD20. In the remaining 

132 children, the mean change in PD20 was 0.8 doubling doses in the web group 

(p=0.4), 1.1 in the FeNO group (p=0.5), and 0.8 in the standard care group (p=0.8). The 

difference of these changes between the groups was not significant (p=0.5 and p=0.9, 

respectively). 

Longitudinal data on symptom free days and ICS dose are presented in figure 1 

and 2 

Adherence  

During the run-in period, 92% of the web-based diaries were completed. One hundred 

and forty-seven (54%) children completed all diaries twice daily, and 244 (90%) 

completed at least 21 days. After 1 year follow-up, adherence to filling in diary cards did 

not decrease (88%) and 141 (54 %) of the children completed all. Children randomized 

to the web group completed 88% (median) of the web-based ACTs. Forty-three % 

completed all and 85% completed >75% of diaries. Overall self-reported medication 

adherence during the study was 94.1% in the web group, 91.5% in the FeNO group, 

and 91.4% in the standard care group (p=0.3).  

Deviation form study protocol 



The study design allowed the physician to deviate from the recommended treatment 

step. This happened 32 times (mean 0.36 times per patient) in the web group, 52 times 

(0.57 times per patient) in the FeNO group, and 32 times (0.36 times per patient) in the 

standard care group. The distribution over the groups and over time was similar. The 

main reasons for deviations were suspected airways infections, or reaching the minimal 

or maximal treatment step. 

 

Adverse Events 

In total there were 13 adverse events; 4 children were admitted to the hospital because 

of an asthma exacerbation (1 during run-in, 1 web group, 1 FeNO group, 1 standard 

care group), 3 children had ENT surgery (FeNO and 2 standard care group), 4 children 

had abdominal complaints (2 web and 2 standard care group), and 2 children had 

hand/foot surgery (web and standard care group).  

 

 

 

 

 

 

 

 

 



Table 1 Treatment dose steps. 

Step Treatment 

1 Short acting beta-agonists (SABA) as needed 

2 Budesonide 2 dd 100 ug or equivalent 

3 Budesonide 2 dd 200 ug or equivalent 

4 Budesonide 2 dd 200 ug or equivalent plus LABA 

5 Budesonide 2 dd 400 ug or equivalent plus LABA 

6 Budesonide 2 dd 400 ug or equivalent plus LABA plus LTRA 

7 Budesonide 2 dd 800 ug or equivalent plus LABA plus LTRA 

 

 LABA: Long-acting β-agonist. LTRA: Leukotriene receptor antagonist. At all steps short acting 

beta-agonists as needed are prescribed. 

 

  



Table 2 Changes from baseline of different outcome parameters in absolute numbers 

 Web 

(n=90) 

FeNO 

(n=91) 

Standard care 

(n=87) 

 Before After Before After Before After 

SFD, % 

(n=265) 
60 (33) 58 (35) 53 (34) 62 (35) 54 (35) 61 (34) 

ACT or C-ACT 

(n=269) 
22.1 (3.5) 22.2 (3.9) 20.7 (4.3) 22.4 (3.5) 21.1 (3.3) 21.4 (3.9) 

Daily symptom 

score 

(n=264) 

1.1 (1.3) 1.2 (1.3) 1.4 (1.7) 1.0 (1.6) 1.3 (1.4) 1.2 (1.7) 

Limitation of 

activities 

(n=258) 

0.3 (0.3) 0.3 (0.4) 0.4 (0.4) 0.3 (0.4) 0.3 (0.3) 0.3 (0.4) 

SABA use 

(puffs/day) (n= 

270) 

0.4 (0.8) 0.3 (0.6) 0.6 (1.2) 0.4 (1.1) 0.4 (0.8) 0.3 (0.8) 

ICS dose (ug) 

(n=270) 
400 (400) 200 (400) 400 (400) 400 (600) 400 (400) 400 (550) 

FEV1 

(n=229) 
98.1 (12.6) 96.7 (12.3) 95.2 (12.6) 97.0 (12.6) 94.0 (14.0) 96.4 (12.5) 

FVC 

(n=229) 
103.3 (12.7) 102.4 (10.9) 100.3 (12.8) 102.1 (12.7) 101.0 (12.2) 103.0 (11.7) 

FEF75 

(n=221) 
91.0 (35.7) 84.6 (34.4) 87.3 (33.1) 89.6 (35.6) 76.0 (29.3) 80.4 (25.7) 

PD20,DD# 

(n=132) 

178.5  

(26.3-738.7) 

153.6 

(37.0-703.6) 

118.1  

(41.0-1084.4) 

149.9 

(40.5-1086.2) 

158.2  

(36.6-379.9) 

164.3   

(45.6-374.4) 

FeNO 

(n=266) 

17.1  

(10.0-30.0) 

25.2  

(17.0-56.8) 

15.4  

(10.0-26.3) 

27.0 

 (14.5-40.8) 

21.4  

(10.5-35.1) 

23.0  

(13.0-41.2) 

PAQLQ child 

(n=89) 
6.3 (5.9-6.6) 6.4 (6.1-6.8) 6.0 (5.6-6.6) 6.2 (5.8-6.9) 6.2 (5.9-6.6) 6.7 (6.2-6.9) 



PACQLQ 

parent 

(n=176) 

6.7 (6.2-7.0) 6.8 (6.2-7.0) 6.3 (5.7-6.8) 6.7 (6.1-6.9) 6.1 (5.8-6.8) 6.4 (5.9-6.9) 

Data shown are mean values, except for ICS dose, PD20, FeNO, PAQLQ and PACQLQ scores (median 

(interquartile range)). 

 

  



Figure 1 

Longitudinal data on symptom free days in the 3 groups. 

 

 • standard care group 
□ FENO group 
∆ web group 
  



Figure 2 

Longitudinal data on ICS dose  in the 3 groups. 

 

• standard care group 

□ FENO group 

∆ web group 
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