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Difficult-to-control asthma (DA) represents a small percentage of all the patients diagnosed with
asthma (up to 12 or 15%) (1), but accounts for a disproportionate amount of the healthcare
expenditure (2). Fortunately, patients with DA exhibit potentially modifiable causes influencing
asthma control such as errors in inhaler technique, unmanaged comorbidities or sub-optimal
adherence (3), that can be improved through the use of specific digital tools such as mobile apps,
wearables or platform webs (4). However, many of these lack behavioral strategies or interaction with
healthcare professionals, which could provide additional benefits, particularly for long-term
maintenance.

Therefore, the main objective of this study was to evaluate the feasibility and preliminary
effectiveness of a web-based interactive platform (HappyAir®) with behavioural change support
provided by a respiratory physiotherapist to increase self-reported asthma control in children and
adolescents with DA compared to the standard care. Secondary objectives included: i) to explore
feasibility (recruitment rates, adherence with the platform) and safety and ii) to assess the
effectiveness of the platform to improve lung function, peak expiratory flow and reducing the
frequency of exacerbations at six months and one year after inclusion. We hypothesized that patients
and families with access to the HappyAir® platform who are supported by a respiratory
physiotherapist will improve their symptom control according to the ACT compared to the standard

care (no intervention).

This open-label, randomized, multicentre controlled trial was conducted at four tertiary hospitals in
Spain. and registered in Clinicaltrials.gov (NCT04166344). Approval by the Ethics Committee of each
participating centre was obtained and informed consent was provided from the parents of
participants or legal guardians. The CONSORT Guidelines were followed to report the results of this
trial (5). Consecutive patients who met the following inclusion criteria were invited to participate: a)
children and adolescents between 6 and 18 years old; b) moderate to severe persistent asthma
according to the GEMA guidelines (6); c) non-controlled asthma according to a score of <19 points in
the Asthma Control Test (ACT) (7); d) access to internet and a smartphone, tablet or computer; e)

ability to understand and use the web-based platform (in children <12 years the ability of the tutor or
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legal guardian). Exclusion criteria were: a) patients who have had an exacerbation in the previous two
weeks to recruitment; b) patients with intermittent asthma or well-controlled asthma according to an
ACT score >20; c) inability to speak or understand Spanish/Catalan; d) any neurological or psychiatric
condition that prevents patients to use adequately the platform or the devices used during the trial.
The sample size was calculated to detect a minimally clinical significant difference (MCID) of 2 points
in the ACT or C-ACT(8). Assuming a common standard deviation of 2.5 units, a sample size of 54 (26
per arm) was needed for the study. As we estimated a dropout rate of 15%, we increased the sample

size to a total of 60 participants.

Participants were randomly allocated to either the intervention group (Gl) or the control group (CG)
in a 1:1 ratio (Granmo® v7.12 IMIM, Barcelona). Participants in the IG were given access to the

HappyAir® platform (https://happyair.org/- Video app) during six months and were encouraged to

register daily in the platform information regarding their day (https://happyair.org/tu-diario-2). In

addition to the online features of the platform, patients were assigned a respiratory coach
(physiotherapist) who was responsible to monitor their progress and provide support to increase
adherence to the intervention. A detailed description of the intervention is depicted in the
Supplemental File no.1. Subjects in the CG received standard care according to their respective

hospitals.

The main outcome was change in asthma control according to the ACT (9) at 6 months between both
study groups. The test was self-administered by the patients or caregivers. Secondary outcomes
included: i) feasibility of the intervention (recruitment and retention rates) as well as adherence and
safety; and ii) pulmonary function (FEV1 and PEF) (10); and iii) number of exacerbations in the previous
six months based on current literature (11). Patients were assessed three times during the study

period: 1) at baseline (T0); 2) post-intervention (6 months, T1) and 3) at follow-up (12 months, T2).

The statistical analysis was conducted under the intention-to-treat principle with missing data
replaced using the expectation-maximization method. A per-protocol analysis including only those
who completed the intervention and those adherent (at least >10 interactions with the platform).
Repeated measures ANOVA were conducted for each variable of interest using time as the between-
subject factor and randomization arm as the condition. All analyses were conducted using SPSS v.26®

(IBM Corporation) for Windows© and a P value of <.05 was considered as statistically significant.

Between June 2021 and May 2023, a total of 77 patients were screened for eligibility and 60 met
inclusion criteria and gave consent, resulting in a recruitment rate of 77.9% (Figure 1 Supplemental

File no.2). Patients in both groups were similar at baseline in terms of age, gender, sociodemographic
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background and clinical features (Table 1, Supplemental File no.2). In the intention-to-treat analysis,
the repeated measured ANOVA showed a significant effect of time on ACT (F,,116=81.451, p<.0001)
but no effect of group or the interaction between group and time (F,116=.119, p=.888) (Figure 1).
Similar results were obtained in the per-protocol analysis including patients with full data available.
Adherence to the intervention was low with only 43% of patients providing weekly data on symptomes,
PEF and physical activity patterns. The number of interactions ranged from 3 to 186 (median 65, IQR
26, 118). Regarding safety, one minor adverse event was reported in the |G (minor asthma crisis after
repeated measures of peak flow) which was resolved with the use of rescue medication with no
further medical assistance. Secondary outcomes are displayed in Table 2. In terms of lung function, a
significant effect of time was observed on FEV1 (F2116=11.627 p<.0001) as well as PEF (F;,114= 10.775,
p<.0001), but again no effect of the interaction between group and time. However, a tendency was
observed for a group effect on PEF (F,116=2.939, p=.057). Pairwise comparisons performed at T1 and
T2 showed that the IG significantly improved both parameters at six months while the CG did not.

Finally, no significant differences were observed for asthma-related exacerbations at T2.

Strengths of this study including its novelty in using a web-based platform with the support of a
respiratory coach as well as its multicentric nature. Unfortunately, adherence to the intervention was
low resulting in no significant differences between groups at any follow-up for the main outcome
(asthma control), although improvements in lung function (PEF) at six months were observed for the

IG.

Asthma control can be substantially influenced by patients’ self-efficacy and self-management, thus
interventions based on digital tools such as ours are increasingly popular (12,13). In a previous study
(14), a mobile app intervention combining tracking of lung function with personalised
recommendations was found to increase ACT scores (mean difference 0.70 95% Cl 0.06, 1.34) but was
not effective in increasing adherence to medication. In another more recent study, Fedele et al. (15)
reported a significant and clinically meaningful improvement in asthma control among adolescents
who participated in a behavioural change and goal-setting digital intervention for four months, but no
difference compared to controls. Our findings show that our intervention was not appealing enough
for the patients, considering the low engagement, leading to the negative findings observed. Potential
factors such as low socioeconomic background, burden of reporting symptoms and activity daily as
well as low motivation might have contributed to this low adherence. Despite this, a positive change
in lung function (PEF) was reported in the IG (Cohen’s d=0.7), indicating that regular monitoring of PEF
could have led to better maintenance of pulmonary function. Unfortunately, this improvement was

not associated with a decrease in exacerbations, as seen in previous studies (16,17). Despite the
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growing interest in digital interventions to improve asthma control, there is still much heterogeneity
in the population included, as well as the type of intervention (web-based, mobile app, etc.) (18,19).
Based on the results of a systematic review (19), more interactive features are generally associated
with better outcomes; yet, in our study, we found no differences in the number of exacerbations
between groups. The low adherence to the intervention as well as the lack of objective measures to
track medication adherence (such as Electronic Monitoring Devices or EMDs) could be at fault for the

lack of change in this parameter.

Some limitations in our trials need to be acknowledged. First, due to restrictions in funding, we
couldn’t include EMDs to monitor adherence to medication. Second, we have used a self-reported
outcome to monitor asthma control (ACT). As observed in previous studies (20), patients tend to
overestimate their asthma control, which may have biased our results. Last, although adequately
powered for the main outcome, our sample size was probably too small to observe significant changes

in other clinical variables such as exacerbations.

Based on our findings, the use of an interactive, online platform with self-monitoring of lung function,
symptoms and activity did not result in an improvement in asthma control in children and adolescents
with DA. However, the intervention was effective to increase PEF, suggesting a positive effect on lung
function. Further studies need to be undertaken to ascertain if this improvement in lung function

could be associated with greater medication adherence or improvement in other clinical outcomes.
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FIGURE LEGENDS

Figure 1. Changes in ACT score across time in both study groups.
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Table 1: Summary of the secondary outcomes in both groups after the intervention

VARIAB INTERVENTION GROUP CONTROL GROUP
LE
TO T1 Mean T2 Mean | TO T1 Mean | T2 Mean
Change Chang Chang Chang
(TO-T1) e (TO- e (TO- e (TO-
T2) T1) T2)
ACT/C- 15.3 | 20.1 4.8 21.4 6.1 15.6 20.1 4.4 21.2 5.6
ACT (2.9) | (2.6)* | (3.8)* | (2.9)* |(4.3) |(2.9) |(3.7)* | (3.6)* | (2.8)* | (3.9)*
PEF 405. | 504.75 | 99.6 4793 | 74.1 385.6 | 514.5 | 29.9 4221 | 36.6
(I/min) |2 (159.1) | (125.9) | (190. | (122.1 | (122. | (141. | (89.9) | (163.7) | (95.7)
(144 | * d 6) ) 8) 2) # *
)
FEV1 2.3 2.6 0.2 2.6 0.3 2.2 2.3 0.09 2.5 0.3
(1/s) (0.8) | (0.9)* | (0.4)* (0.9)* | (0.4) (0.8) | (0.8) |(0.6) (0.7)* | (0.5)

Numbers are expressed as mean and (Standard Deviation)

*P<.05 intra-group compared to baseline; #P<.05 inter-group

ACT: Asthma Control Test; C-ACT: Children Asthma Control Test; PEF: Peak Expiratory Flow; FEV1: Forced
Expiratory Volume 1 second
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