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Abstract
Introduction Wheezing is common in preschool children and its clinical assessment often challenging for
caretakers. This study aims to evaluate the impact of a novel digital wheeze detector (WheezeScan™) on
disease control in a home care setting.
Methods A multicentre randomised open-label controlled trial was conducted in Berlin, Istanbul and
London. Participants aged 4–84 months with a doctor’s diagnosis of recurrent wheezing in the past
12 months were included. While the control group followed usual care, the intervention group received the
WheezeScan™ for at-home use for 120 days. Parents completed questionnaires regarding their child’s
respiratory symptoms, disease-related and parental quality of life, and caretaker self-efficacy at baseline
(T0), 90 days (T1) and 4 months (T2).
Results A total of 167 children, with a mean±SD age of 3.2±1.6 years, were enrolled in the study
(intervention group n=87; control group n=80). There was no statistically significant difference in wheeze
control assessed by TRACK (mean difference 3.8, 95% CI −2.3–9.9; p=0.2) at T1 between treatment
groups (primary outcome). Children’s and parental quality of life and parental self-efficacy were
comparable between both groups at T1. The evaluation of device usability and perception showed that
parents found it useful.
Conclusion In the current study population, the wheeze detector did not show significant impact on the
home management of preschool wheezing. Hence, further research is needed to better understand how the
perception and usage behaviour may influence the clinical impact of a digital support.

Introduction
Wheezing caused by viral infections is common among preschool children, with up to 50% experiencing
at least one wheezing episode in the first 6 years of their life [1, 2]. Studies have shown that children
suffering from wheeze, especially persistent phenotypes, have a higher risk of developing asthma later in
childhood [3]. The main treatment goals for preschool wheezing are respiratory symptom control, reduction
of exacerbations and increasing quality of life for the child [4]. To achieve these aims, training caregivers
to correctly detect airway obstruction and administer pharmacological and supportive treatments is
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essential. However, when it comes to young children (under the age of 6 years), the correct assessment of
wheezing breath sounds is particularly difficult, since the distinction of wheezing sounds from
physiological breath sounds may be challenging [5, 6]. A misjudgement of respiratory symptoms may
consequently result in an under- or overtreatment with reliever medication [7, 8]. On the other hand, it has
been shown that guided self-management options for respiratory diseases such as wheezing can reduce
hospitalisations and visits to the emergency department and improve lung function [9, 10]. Therefore,
supporting parents in the at-home self-management of their child’s respiratory condition is key to obtaining
and maintaining respiratory symptom control and improve patient outcomes.

Over the past years, adoption of digital health technologies has continuously increased, from
patient-specific electronic health records over sensor technology and (adherence) monitors to telemedicine
options for easier accessibility to healthcare specialists [11, 12]. Digital solutions are often easily available
and adaptive into everyday life, due to the increasing access to portable internet and smartphones around
the globe [13]. Mobile health also allows an efficient and cost-effective data collection via electronic
diaries and is usually well received by both patients and clinicians [11]. Therefore, there is a growing
interest in the potential of eHealth solutions to allow tailored self-management options specifically for
young children suffering from wheezing disorders as well as their parents.

There are several devices such as portable smart inhalers [14, 15], asthma symptom diaries [16, 17],
wearable trackers [18] and health-education-based computer games [19] available for the at-home
management of wheezing disorders. Despite progress in the development and testing of medication sensors
and adherence reminders, only a few devices have been built and evaluated to detect pathological airway
sounds such as wheezing [20, 21]. While most digital support tools are currently being evaluated in
feasibility studies and small clinical trials, large randomised controlled trials testing their clinical impact on
outcomes such as symptom control and quality of life are scarce. In terms of sound recognition, it is not
only important to test the accuracy of devices, but also to evaluate the usability and clinical efficacy. These
aspects are particularly important to determine potential benefits and limitations, ensuring the safe and
effective use of digital support for conditions such as preschool wheezing and paediatric asthma.

The aim of this study was to test the hypothesis that a digital support tool for wheeze recognition improves
symptom control in a study population of preschool children. In addition, the device’s impact on
disease-specific and parental quality of life as well as subjective self-efficacy in disease management
among parents was evaluated in this randomised controlled trial across culturally diverse paediatric
populations. Finally, the usability of and satisfaction with the device were assessed.

Materials and methods
Study population
The multicentre randomised controlled open-label trial consisted of two groups, following usual care with
(intervention) and without (control) the use of a digital wheeze detector (WheezeScan™; OMRON
Healthcare Co. Ltd, Kyoto, Japan) device, respectively. Patients were recruited between October 2021 and
September 2022 in six specialised paediatric pulmonology outpatient departments located in Berlin
(ambulatory clinics of E. Dellbrügger, S. Roßberg, T. Weichert and C. Grenzbach), London (Blizard
Institut at Queen Mary University of London) and Istanbul (ambulatory clinic of Karadag and Marmara
University Istanbul). The inclusion criteria were: 1) age 4 months to 7 years; 2) at least one episode of
doctor-diagnosed wheezing and/or recurrent cough requiring treatment according to Global Initiative for
Asthma (GINA) guidelines steps 1 or 2 in the last 12 months [22]; and 3) availability of a smartphone.
The exclusion criteria were: 1) an anatomical malformation causing chronic nasal and/or bronchial
obstruction; 2) presence of another severe chronic disease; and 3) wheezing disorders requiring treatment
step 3 or 4 according to GINA guidelines. The study was registered in the German Clinical Trials Registry
(DRKS00026740), and ethics approval was obtained at all study sites.

Study design
After randomisation, parents were interviewed regarding the personal and family anamnesis of their child
including information on allergic diseases and demographic variables. Validated questionnaires regarding
disease severity and disease-specific quality of life were administered. Families of the intervention group
were trained to use the digital wheeze detector WheezeScan™ and received their device to take home. A
comparison between the device’s measurement and the study physician’s auscultation was recorded. The
current treatment scheme was reported for all participants by the study physician. After the recruitment
visit (T0), all participating families were asked to fill in an electronic daily questionnaire via the mobile
application WheezeMonitor® (TPS Production S.rl, Rome, Italy) over a total of 120 observation days.
Families of the intervention group were additionally encouraged to use the WheezeScan™ device
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whenever they felt that their child could be experiencing respiratory distress. An initial follow-up visit (T1)
was performed after 90 days of the monitoring period. Parents responded again to questionnaires on
disease severity, self-efficacy and quality of life, and the attending physician assessed whether an
adaptation of treatment was necessary according to GINA guidelines. Participants of the intervention group
were also asked to fill a usability and satisfaction questionnaire regarding the WheezeScan™ device. After
T1, all participants continued the observation period for another 30 days until the final study visit (T2),
where any changes in asthma control via the TRACK (Test for Respiratory and Asthma Control in Kids)
questionnaire and changes in treatment according to GINA guidelines were recorded. The aim of the final
visit was to evaluate potential clinical improvements after a treatment adaptation. For an overview on the
enrolment and randomisation, please see figure 1.

Questionnaires
The primary outcome of symptom control was assessed via the TRACK [23] questionnaire at T1.
Secondary outcomes were assessed at T1 via the Parental Asthma Management Self-Efficacy Scale
(PAMSES) [24], the Pediatric Asthma Caregiver’s Quality of Life Questionnaire (PACQLQ) [25] and the
TAPQOL on parent’s perception of health-related quality of life in preschool children [26], and user
satisfaction with the device in the intervention group was assessed via a usability and satisfaction
questionnaire. An additional secondary outcome was assessed via the TRACK questionnaire at T2. The
secondary outcome regarding the frequency of reliever medication use was recorded in the e-diary of the
monitoring App during the entire study period.

Digital wheeze detector
Families allocated to the intervention group received a digital wheeze detector (WheezeScan™, OMRON
Healthcare Co. Ltd, Kyoto, Japan) to be used whenever needed in a home care setting. Performance, safety
and usability of the device had been evaluated in previous studies [27, 28]. The WheezeScan™ assesses
respiratory symptoms of the child via a sound detector once placed on the chest just below the right
collarbone. After approximately 30 s of measurement, results are indicated via an integrated display
(supplementary figure S1).

Statistics
For information on the sample size calculation, please see the supplementary material. As descriptive
analysis, summary measures such as mean±SD, median, first and third quartile (q1–q3), number (n) and
percentage (%) depending on the scaling of the variables are reported for the two groups and the total
study population. The intervention effect on the primary and secondary outcomes was assessed in the full
analysis set using the intention-to-treat principle. All randomised participants were included in the full
analysis set.

Primary analysis consisted of a comparison of the TRACK score at T1 between intervention and control
group using ANCOVA with the TRACK score at T1 as dependent variable and treatment group, centre and
TRACK score at T0 as covariates. Mean difference between intervention and control group and 95% CI as
well as standardised effect size were estimated. A two-sided significance level of α=0.05 was used for the
primary analysis. For information on the secondary and subgroup analyses, please see the supplementary
material. All statistical analyses were performed in R version 4.2.2 (R Foundation for Statistical
Computing).

More information on materials and methods can be found in the supplementary material.

Results
In total, 167 children were enrolled in the study, with 85 (50.9%) of the children being recruited in Berlin,
59 (35.3%) in Istanbul, and 23 (13.8%) in London. 87 participants were allocated to the intervention
group, and 80 to the control group. Of the 167 families, 150 (89.8%) completed the first follow-up
assessment and 153 (91.6%) the final study visit. While seven participants were lost to follow-up, another
seven actively withdrew their consent owing to experiencing technical difficulties with the device and/or
monitoring application. On average, participants had a mean age of 3.2±1.6 years, 116 of 167 (69.5%)
were male and 133 of 167 (79.6%) had one or more siblings. Relevant differences between the two
treatment groups were observed regarding the presence of an allergic disease. While 31% (27 of 87) of the
children in the intervention group suffered from allergy, this was only the case for 17.5% (14 of 80) of the
controls (table 1).

https://doi.org/10.1183/23120541.00518-2023 3

ERJ OPEN RESEARCH ORIGINAL RESEARCH ARTICLE | Y.H. DO ET AL.

http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00518-2023.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00518-2023.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00518-2023.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00518-2023.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00518-2023.figures-only#fig-data-supplementary-materials


Impact of the digital wheeze detector on asthma control (TRACK): primary outcome analysis
The intervention group started off with a slightly lower baseline TRACK score (64.5±20.9 points) than the
control group (66.3±22.8 points). At T1, the intervention group had an average of 79.1±17.7 points, while
the control group had a mean score of 76.2±19.8 points (table 2). Although the absolute increase in the
intervention group was higher than in the control group (figure 2), the mean difference (at T1) between the
two groups was not statistically significant (3.6, 95% CI −2.3–9.4, p=0.228, primary end-point). At T2
(120 days after baseline), both groups had a similar mean TRACK score (the intervention group: 78.4±18.7
points, the control group: 78.3±19.4 points) (supplementary figure S3A). Regarding a potential impact of
treatment changes at T1, no changes in treatment were performed.

n=167

Subjects recruited at

recruitment centres in

Berlin, London, Istanbul

n=167

Randomised study

population

Intervention group

with WheezeScan

1st monitoring

period:

90 days

T1: follow-up visit

T0: recruitment visit

Inclusion criteria:

1) One or more episodes of doctor-

     diagnosed wheezing/recurrent cough

2) Treatment according to GINA

     guidelines steps 1 or 2 in the last 12

     months

3) Age between 4 and 72 months

T2: follow-up visit

2nd monitoring

period:

30 days

Per protocol set (n=80)

Full analysis dataset (n=87)

Per protocol set (n=73)

Full analysis dataset (n=80)
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1st monitoring
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• Questionnaires on asthma

control (TRACK), self-efficacy

(PAMSES), etc.

n=87

• Questionnaires on asthma

control (TRACK), self-efficacy
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Control group

without WheezeScan

• Questionnaires on asthma

control (TRACK), self-efficacy

(PAMSES), etc.

n=72

• Participant withdrawn (n=5)

• Lost to follow-up (n=3)

• Questionnaires on asthma

control (TRACK), self-efficacy

(PAMSES), etc.

• Satisfaction and usability

Wheezescan questionnaire

n=78

• Participant withdrawn (n=2)

• Lost to follow-up (n=7)

• Questionnaire on asthma

control (TRACK)

n=80
• Participant withdrawn (n=2)

• Lost to follow-up (n=5)

• Questionnaire on asthma

control (TRACK)

n=73

• Participant withdrawn (n=5)

• Lost to follow-up (n=2)

FIGURE 1 Consort chart with inclusion criteria, recruitment, study design and timeline. GINA: Global Initiative
for Asthma.
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When analysing categorical asthma control (“not well controlled” and “well controlled”) between T0 and
T1 in each of the treatment groups, the proportion of patients with good control of wheezing increased in
both groups with a slightly larger increase among the intervention group (increase in portion of
participants with controlled wheezing from T0 to T1 in control group by 15%, in intervention group by
27%) (figure 3). For subgroup analyses please refer to the supplementary material.

Disease-specific and parental quality of life and parental self-efficacy in asthma management
The disease-specific quality of life of the participating children improved in both groups between the
baseline and follow-up visit. There was no intervention effect at T1, as underlined by the mean difference
between groups at T1 of −0.9 (95% CI −4.1–2.3, p=0.6) (figure 4b and f). Similar results were observed

TABLE 1 Baseline characteristics

Overall Intervention Control

Patients n 167 87 80
Sex (male) 116(69.5) 65(74.7) 51(63.7)
Age years 3.2±1.6 3.1±1.6 3.5±1.6
Patient distribution by centre
Berlin 85(50.9) 44(50.6) 41(51.2)
Istanbul 59(35.3) 31(35.6) 28(35.0)
London 23(13.8) 12(13.8) 11(13.8)

Number of siblings
0 34(20.4) 15(17.2) 19(23.8)
1 78(46.7) 47(54.0) 31(38.8)
2 40(24.0) 17(19.5) 23(28.7)
3 12(7.2) 7(8.0) 5(6.2)
4 1(0.6) 1(1.1) 0(0.0)
5 2(1.2) 0(0.0) 2(2.5)

Week of pregnancy at birth 38.6±2.5 38.5±2.9 38.7±2.1
Body weight at birth g 3350±640 3400±677 3300±596
Body height at birth cm 50.8±3.8 50.8±4.2 50.9±3.3
Allergic comorbidities
Any allergy 41(24.6) 27(31) 14(17.5)
Allergic rhinoconjunctivitis 9(5.4) 5(5.7) 4(5.0)
Atopic dermatitis 8(4.8) 6(6.9) 2(2.5)
Food allergy 8(4.8) 4(4.6) 4(5.0)
Other allergy 8(4.8) 7(8.0) 1(1.3)

Allergy diagnostics
Positive SPT and/or serum IgE test 47(28.1) 32(36.8) 15(18.8)

Family history of allergies
Father allergic 53(31.7) 34(39.1) 19(23.8)
Mother allergic 38(22.8) 25(28.7) 13(16.2)
Allergic sibling 23(13.8) 16(18.4) 7(8.8)

Data are presented as n (%) or mean±SD. SPT: skin prick test.

TABLE 2 Primary and secondary outcomes by study group and time point (T1=90 days)

All participants Intervention group Control group Difference
intervention versus control group (95% CI)

T0 T1 T0 T1 T0 T1

Participants n 167 150 87 78 80 72
TRACK# 65.4±21.8 77.7±18.7 64.5±20.9 79.1±17.7 66.3±22.8 76.2±19.8 3.59 (−2.26–9.44); p=0.23
PAMSE 49.9±8.8 51.0±9.4 50.5±8.6 51.1±8.9 49.1±9.0 51.0±10.0 −0.80 (3.64–2.04); p=0.58
PACQLQ 5.5±1.3 6.3±1.0 5.6±1.3 6.4±1.0 5.5±1.4 6.1±1.0 0.24 (−0.07–0.55); p=0.12
TAPQOL 62.9±11.0 68.1±11.2 62.6±12.0 67.2±12.8 63.1±9.9 69.1±9.1 −0.91 (−4.12–2.31); p=0.58

Data are presented as mean±SD unless indicated otherwise. Calculation of all intervention effects were based on multiple imputation estimates and
ANCOVA. #: primary end-point.
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study group (control group n=80, intervention group n=87) and time point. Total number of participants in
each TRACK group per treatment group per time point are shown at the top of each section of the bar plot.

TABLE 3 Number of days with wheezing episodes and unscheduled healthcare utilisation between T0 and T1
(120 days) per study group

Intervention Control

Participants n 87 80
Days with little wheezing 7.9±10.3 7.8±11.9
Days with strong wheezing 0.9±2.5 1.4±4.9
Unscheduled doctor’s visit 1.6±2.5 2.2±3.3
Visit to an emergency department 0.6±1.7 0.8±1.3

Data are presented as mean±SD unless indicated otherwise.
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for parental quality of life (PACQLQ mean difference 0.2, 95% CI −0.1–0.6; p=0.1) (figure 4c and g) and
parental self-efficacy in managing their child’s wheezing condition (PAMSE score mean difference −0.8,
95% CI −3.6–2.0; p=0.6) (figure 4d and h, table 2). Interestingly, all secondary outcomes improved
between study visits with little to no differences between the study groups.

Use of reliever medication and unscheduled healthcare utilisation
In case of short-acting β-agonist treatment, no pronounced differences were observed between study arms
(supplementary figure S8). Further, the number of unscheduled visits at the paediatrician’s office or
emergency department between T0 and T1 (120 days) was slightly higher in the control group than in the
intervention group with a mean of 2.16±3.33 versus 1.57±2.45 and 0.81±1.34 versus 0.60±1.73 visits,
respectively (Table 3).

Satisfaction and usability
Regarding device usability, 80% (60 of 75) of the intervention group indicated having used the digital
wheeze detector without complications and only 14 of 75 (19%) considered the handling difficult. If parents
experienced problems, these were most frequently due to challenges in keeping the child calm enough for
the device to function well. Ten families (13%) of the intervention group reported having difficulties in
technically operating the device (table 4]) When asked whether they believe their child to have benefitted
from the use of the WheezeScan™, the majority answered positively (45 of 75, 60%). For more information
on usability results by study centre and age group, please see the supplementary material.

Discussion
In our multicentre randomised open-label controlled trial on the clinical efficacy and usability of a digital
wheeze detector for preschool children we observed: 1) no significant difference regarding wheeze control
between study groups; 2) no impact on disease-specific or parental quality of life; 3) almost no differences
regarding parental self-efficacy in managing the child’s disease; 4) good usability reports by parents,
particularly for the older children in our study; 5) positively perceived benefit for the child from device
usage, particularly for the very young and older children; and 6) regional differences in device usage and
evaluation.

TABLE 4 Satisfaction and device usability among different age groups of the intervention group at T1

4–12 months 13–48 months >48 months

Participants n 17 43 15
How was the handling of the WheezeScan at home?
Without complications 13 (76) 32 (74) 15 (100)
Difficult 3 (18) 11 (26) 0 (0)
Impossible 1 (6) 0 (0) 0 (0)

If there were problems in use, what were they most likely to be?
Difficulties in operating the device 2 (12) 5 (12) 3 (20)
Child did not tolerate the measurements 4 (24) 11 (26) 4 (27)
No problems occurred 9 (53) 24 (56) 8 (53)
No answer possible 2 (12) 3 (7) 0 (0)

Do you think your child benefitted from using the device?
Yes 6 (35) 15 (35) 10 (67)
Rather yes 5 (29) 8 (19) 1 (7)
Rather no 2 (12) 9 (21) 3 (20)
No 4 (24) 11 (26) 1 (7)

Would you recommend the device to other parents?
Yes 10 (67) 17 (40) 9 (53)
Rather yes 2 (13) 8 (19) 2 (12)
Rather no 0 (0) 10 (23) 2 (12)
No 3 (20) 8 (19) 4 (24)

Are you interested in continuing to use the device?
Yes 10 (59) 16 (37) 8 (53)
Rather yes 0 (0) 8 (19) 3 (20)
Rather no 1 (6) 6 (14) 0 (0)
No 6 (35) 13 (30) 4 (27)

Data are presented as n (%).
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Performance of digital interventions for wheezing disorders
Although often limited by small patient numbers and exploratory designs, several studies have reported
positive results on the sensitivity and specificity of electronic devices detecting pathological airway sounds
such as wheezing or cough [20, 21, 27, 29, 30]. For instance, the device used in this study demonstrated
high sensitivity (100%) and specificity (95.7%) for wheeze detection when compared to the auscultation of
specialised physicians [27]. A study, comparing digital electronic stethoscopes to paediatricians’
auscultation has even suggested that the digital stethoscopes tested were more sensitive to detecting wheeze
in children than the clinician when matching both to automated spectrogram analysis [20]. The high
sensitivity and improving accuracy of such devices underlines their potential benefit as valuable tools for
(remote) diagnosis and monitoring in research settings [9]. However, there is a lack of published
randomised controlled trials assessing the clinical efficacy of digital detectors of pathological airway
sounds in the hands of patients and/or caretakers. Reviews examining the impact of digital interventions in
children with asthma on clinical parameters have also shown inconsistent findings. A systematic review of
digital asthma interventions found that half of the studies favoured digital interventions [9], while the other
half reported no significant difference in asthma control.

Our results suggest that the wheeze detector used has no statistically significant clinical impact among this
particular study population. However, trends in the results suggest that the impact of a digital device may
be related to a variety of factors such as age, cultural background, disease severity, access to specialised
healthcare providers or usage patterns.

Therefore, the chosen setting and study population might play an important role in studies evaluating
clinical efficacy of developed technologies. For example, in a pilot study on the use of WheezeScan™,
parents of 20 preschool children were instructed to use the device once every morning and evening in
addition to when they felt it was needed. This led to a more frequent use than in the randomised controlled
trial. Interestingly, the pilot study showed a positive trend in parental self-efficacy (PAMSES), although the
absence of a control group and small sample size in the pilot study increases the risk of confounding
factors. This observation underlines that in addition to standardised study protocols, it is essential to
consider the characteristics of the target population when interpreting results.

One size/device does not fit all
Potential factors influencing device efficacy have also been identified in the satisfaction and usability
evaluation of the present study. The device usability was rated as uncomplicated by most parents, and most
of them perceived their child to have benefitted from its use. This indicates a high degree of willingness to
use an at-home digital support system among parents of children suffering from recurrent wheeze and is in
line with current research in the field. However, several families reported difficulties, such as result
variability, and found the device to be too sensitive to background noises. This perception may have
impacted the willingness to use the wheeze detector frequently, which in turn may affect the power of
outcome analyses. As real-life circumstances may have a significant impact on the use and effectiveness of
digital devices, continued efforts to understand usage scenarios are key when evaluating the clinical
effectiveness of digital support tools.

In addition, results on the perceived benefit varied not only between age groups, but also according to
geographical and cultural background. A more critical evaluation and less frequent use of the device by
patients from Berlin compared to Istanbul or London may imply that in addition to potential differences in
the healthcare setting, cultural variations could affect aspects, such as perceived benefit and usage
behaviour. Therefore, a deep understanding of the perception and usage of a specific digital tool among
targeted patient groups is crucial in assessing digital health solutions.

Strengths and limitations
The study’s strengths include its randomised controlled trial design, enabling a more selective evaluation
of the effects of the digital device on the various patient outcomes. A multicentre approach in different
geographical and cultural settings, as well as the relatively large sample size compared to previous studies
increase the generalisability of results.

However, the study also has important limitations as it focused on mildly to moderately affected children
and excluded those with a more severe phenotype. Furthermore, the participants of the study were recruited
in slightly different settings according to the study site. Whereas in Berlin and Istanbul children were
recruited mainly from paediatric outpatient clinics, the study centre in London was a specialised clinic
where participants were likely to have their first contact with a specialised paediatric pulmonologist. This
may have affected the improvement of wheeze control and quality of life for all participants, independently
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from the study group. Finally, the recruitment period stretched over several seasons. Although the summer
season was avoided by a recruitment break in July and August, the prevalence of wheezing exacerbations
was relatively low and may have varied according to the time point of enrolment.

Conclusions and perspectives for future research
The clinical evaluation of digital support tools to be used by patients and/or caretakers is crucial, as their
clinical use may differ fundamentally from highly standardised research settings. The present study shows
that despite its very good performance in previous validation studies, no significant clinical impact could
be observed for the wheeze detector when tested in a multicentre randomised controlled trial. However, the
study underlines the importance of further studies and a deeper understanding of parameters characterising
the target group for digital support tools. Further research is needed to gain better insight into patient
perception, usage behaviour and barriers to successful implementation.
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