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Abstract

Introduction: Asthma control is often suboptimal, which is associated with incorrect medication use and poor asthma man-
agement by patients. Astmakompas, a digital self-management intervention, comprises a mobile app for patients, a web
portal for healthcare professionals (HCP), and a wireless spirometer. Together, these components are intended to facilitate
symptom monitoring, patient-HCP communication and assist in asthma-related self-management.

Objective: The pilot study primarily aims to assess the feasibility, acceptability, usability and safety of Astmakompas from
patient and HCP perspectives, and secondarily to explore potential effects on asthma control, medication use, Quality of
Life, self-efficacy and (in)direct costs.

Methods: A mixed-method, multi-center, pre-post study design was conducted in two Dutch hospitals, involving patients
with uncontrolled asthma and four HCPs. Primary outcomes were assessed post-intervention using questionnaires and
in-depth interviews. Secondary outcomes were assessed at baseline and post-intervention using questionnaires, and
post-intervention using in-depth interviews.

Results: In general, the data show that Astmakompas was considered feasible, acceptable, usable and safe by both patients
(n=14) and HCPs (n=4). Furthermore, qualitative data of 11 patients and all HCPs showed the importance of guidance from
HCPs and tailoring of Astmakompas to care needs. Astmakompas helped patients recognise symptoms and provided
valuable insights into asthma control while being easy to use. Asthma control improved from baseline (M=2.1, SD=1.3)
to post-intervention (M=1.3, SD=1.0, {(13) =2.61; p=.02).

Conclusion: Astmakompas shows promise for further implementation and research. Future randomized studies with longer
evaluation periods are crucial to assess the tool’s impact on asthma outcomes and workload. It is important that HCPs guide
and tailor interventions to meet the patient’s individual needs and circumstances.
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Background

Asthma is a major chronic disease of the respiratory tract that
affects an estimated 262 million people worldwide.'™
Asthma is a substantial source of global economic burden
and is ranked 16th among the leading causes of years lived
with disability, as well as 28th among the leading causes
of burden of disease as measured by disability-adjusted life
years (DALYs).* Asthma control is often suboptimal, with
approximately 50% of patients having (partially) uncon-
trolled asthma.>® These patients have a higher risk of
asthma exacerbations, asthma-related hospitalizations, emer-
gency department visits, morbidity and mortality.”'" Poor
asthma control is also a predictor of impaired health-related
quality of life (QoL).>'*!?

Uncontrolled asthma is often associated with the incor-
rect use of medication and a discrepancy between patients’
perception of their asthma control and actual symptoms.
Specifically, patients often perceive their asthma to be
better controlled than it is, which can negatively impact
medication adherence and in turn affect asthma
control.”'*'® The first treatment step for asthma patients
is a low dose of inhaled corticosteroids (ICS) for an anti-
inflammatory effect on the respiratory tract in combination
with long-acting beta-2 agonists (LABA).'”'® Still, asthma
patients are primarily responsible for their day-to-day
asthma management, including symptom monitoring,
medication management, adherence to therapy, identifying
and managing triggers, and following action plans provided
by healthcare professionals (HCPs). Monitoring asthma can
be challenging for patients due to factors like the subjective
nature of their appreciation of symptoms, variability in
symptom presentation, and the potential for underestimat-
ing or overestimating symptom severity.

Given that day-to-day asthma management largely rests
on the patient, fostering patient empowerment and provid-
ing self-management support are essential. Evidence indi-
cates that self-management can improve overall asthma
control and can help reduce the frequency of rescue medi-
cation.'*?® Supported self-management interventions can
also help to improve QoL, reduce the use of healthcare
resources and contribute to a decrease in indirect healthcare
costs. >

The number of digital applications in healthcare has
increased exponentially in recent years.”® Several system-
atic reviews have shown that digital self-management inter-
ventions for patients with asthma can have positive effects
on asthma control, lung function, and medication use, as
well as self-care, self-efficacy, and QoL.27*29 Results of a
Swedish randomized controlled trial showed that an
8-week app-based self-management program supported
by an interface for HCPs improved asthma control com-
pared to conventional treatment in the context of primary
care and paediatric care settings.>® In addition, a systematic
review showed that offering behavioural support through

eHealth, when provided more often than once a month,
led to improvement in asthma control.>’ Digital self-
management interventions offer advantages for HCPs as
well. Such interventions allow HCPs to efficiently deliver
health information to patients and gain insights into the
course of the disease in patients’ daily lives,”* which can
ultimately result in more effective and efficient care.*?

Although the literature shows promising results of
(digital) supported self-management interventions in
improving asthma control and other important health out-
comes, to our knowledge, no research has been conducted
on digitally supported self-management interventions in
secondary care, nor in the Dutch context specifically.
‘Astmakompas’ (‘asthma compass’) is a digitally supported
self-management intervention that can be used in secondary
care; however, no research has been conducted in this
regard. Hence, the primary aim of this pilot study is to
examine whether Astmakompas is perceived as feasible,
acceptable, usable and safe for adults with asthma from
both patient and HCP perspectives. The secondary aim is
to explore potential effects on asthma control, medication
use, QoL, self-efficacy and direct and indirect costs.

Methods

Design and participants

A mixed-method, multi-center, pre-post intervention pilot
study was used, with a study duration of 12 weeks. Both
quantitative (i.e., questionnaires) and qualitative data (i.e.,
interviews) were obtained. The study was approved by
the Medical Ethics Committee Leiden The Hague Delft
(P22.021).

Two populations participated: (1) patients with asthma
treated in secondary care and (2) their HCPs including pul-
monologists and pulmonary nurses. Both populations were
recruited through two hospitals in the Netherlands:
Amsterdam University Medical Center, location AMC
and Medical Spectrum Twente (MST). In Amsterdam
UMC Astmakompas was already part of usual care,
whereas, in MST, Astmakompas was used for the first
time during this pilot study. Patients were recruited from
November 2022 to May 2023.

Eligibility criteria for patients included: (1) being aged
18 years or older, (2) not having used Astmakompas
before, (3) having a physician diagnosis of asthma, (4)
having uncontrolled asthma as defined by a score of >1.5
on the Asthma Control Questionnaire (ACQ) (Appendix
. (5) being able to understand, read and speak the
Dutch language (i.e., based on self-report), and (6) having
access to the internet and a smartphone. Exclusion criteria
were having a respiratory disease other than asthma or a
non-reversible airway obstruction. The only inclusion cri-
teria for HCPs was that they were treating asthma patients
who were participating in the study.
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Procedure

Patients. Patients with asthma who visited their HCP for an
asthma consultation received the patient information letter.
One week later, patients were called by their pulmonary
nurse to inquire if they were interested in participation
and to answer any questions patients might have. When
interested, the pulmonary nurse conducted a short screening
to determine eligibility. When deemed eligible, a face-
to-face appointment between the patient and the pulmonary
nurse was scheduled wherein the informed consent form
was signed. Also, patients were registered in
Astmakompas and were instructed on how to use both
Astmakompas and the spirometer. Patients also received a
link to the online baseline questionnaire, which they were
instructed to complete on the same day. Twelve weeks
later, patients completed the post-intervention question-
naire. Table 1 provides an overview of the assessment
schedule regarding the questionnaires. Patients who indi-
cated their interest in participating in individual interviews
on their informed consent form were contacted by the
researchers towards the end of the intervention period
(see Interview with patients and HCPs). Patients received
gift vouchers worth 25 euros as compensation for participa-
tion in the interview. After the study ended, the patients
continued their usual asthma treatment at their respective
hospitals.

Health care professionals. At the start of the study, all HCPs
involved in the treatment of asthma patients were asked by
the principal investigator of the respective hospital to
deliver the treatment with Astmakompas to the participating
patients. In Amsterdam UMC, no training for HCPs was
required as Astmakompas was already part of usual care.
In MST, the involved HCPs received instruction manuals
of Astmakompas, as well as instructions on how to imple-
ment and use Astmakompas in their treatment procedures
through a digital meeting with researchers of the LUMC,
an experienced pulmonary nurse from Amsterdam UMC,
and the company who had developed Astmakompas
(SentoMed B.V.).

During the intervention, all involved HCPs were invited
to participate in individual in-depth interviews. In case the
HPCs wanted to participate, they signed an informed
consent form before the interview. The interview was
scheduled at least 12 weeks after starting to work with
Astmakompas. HCPs received a gift voucher of 100 euros
as compensation for participating in an interview, approxi-
mating their standard consulting fees. Questionnaires were
administered on paper at the end of the interview.

Interviews with patients and HCPs. Semi-structured online
interviews were conducted by two researchers (LYJ and
AZ) at the end of the intervention period. During the first
interview, both LYJ and AZ were present, leading to a

common agreement on the interview approach. The subse-
quent interviews were conducted by LYJ. The semi-
structured interview guides contained questions on patients’
and caregivers’ experiences and needs regarding
Astmakompas, obstacles and facilitating factors for its suc-
cessful use, and suggestions for improvement that elabo-
rated on the below-described measures (feasibility,
acceptability, usability and potential effects). Interviews
were held with all involved HPCs of participating patients.

Intervention

Astmakompas is a Class I CE-certified digital application
that consists of a mobile app for patients, a web portal for
HCPs, and a CE-certified wireless spirometer connected
to the patient app.>* The mobile patient app enables patients
to weekly monitor their asthma control using a standardized
patient-reported outcome measure. The weekly monitoring
also includes a spirometer assessment (Spirobank Smart,
Medical International Research, Rome, Italy) to assess
lung function. The results of these measurements are com-
municated to the web portal for HCPs, who receive a smart
notification when a pre-defined value is exceeded. Finally,
the action plan is completed by the patient, in which the
patient indicates what symptoms are currently being experi-
enced. These symptoms are linked to their personal digital
action plan, which is compiled in advance with the HCP.
The action plan aims to provide personalized guidance on
asthma management, including medication schedules and
emergency procedures, to help individuals manage their
asthma symptoms more effectively. Furthermore, patients
can easily and conveniently reach their HCP through the
chat function, instead of scheduling time-specific phone
calls or appointments, with non-critical asthma-related
questions and see an overview of previous results.

The web portal for HCPs allows HCPs to monitor their
patient’s asthma control, as well as having low threshold
contact with patients. HCPs are also able to see the monitor-
ing results of patients’ asthma control over time and can use
these data as direct input in their consultations. More infor-
mation and visuals of Astmakompas can be found in
Appendix 2.

Primary outcome measures

Feasibility. The perceived feasibility was assessed using the
4-item Feasibility of Intervention Measure (FIM) for both
patients and HPCs, using a five-point rating scale ranging
from ‘completely disagree’ to ‘completely agree’.** The
total score ranges from 4 to 20. A higher score indicates
greater feasibility (range 4-20). Patients’ adherence to,
and use of, the different components of Astmakompas
was assessed using backlog data of the platform.
Specifically, how many times patients completed the
asthma monitoring questionnaire, spirometer assessment,




DIGITAL HEALTH

Table 1. Questionnaire assessment schedule for patients with asthma.

Socio-demographic and clinical variables (7 items)
ACQ (6 items)

RIQ-MON10 (10 items)

EQ-5D-5L (6 items)

6-item PCAQ (6 items)

iPCQ (6 items)

iMCQ (5 items)

Asthma control monitoring questionnaire (8 items)
including spirometer assessment

FIM (4 items)
CSQ-8 (8 items)
SUS (10 items)

Safety (1 item)

@ Gathered using an online self-report questionnaire
@ Gathered using the application Astmakompas

ACQ= Asthma Control Questionnaire, RIQ-MON10= Respiratory llIness Questionnaire-Monitoring 10, EQ-5D-5L = EuroQol 5 dimensions 5 levels, PCAQ= Perceived
Control of Asthma Questionnaire, iPCQ= iMTA Productivity Cost, iMCQ= iMTA Medical Consumption Questionnaire, FIM = Feasibility of Intervention Measure,

(SQ-8= Client Satisfaction Questionnaire-8, SUS= System Usability Scale.

and action plan. The feasibility of Astmakompas was also
discussed in interviews with patients and HCPs.

Acceptability. For patients, the perceived acceptability was
assessed using the Client Satisfaction Questionnaire-8
(CSQ-8).%° Each item was scored on a Likert scale from 1
to 4. The total score ranges from 8§ to 32. A higher score
indicates  greater satisfaction.’® For HCPs, the
Acceptability of Intervention Measure (AIM) was used to
assess acceptability. Items were rated on a 5-point rating
scale ranging from ‘completely disagree’ to ‘completely
agree’.>* The total score ranges from 4 to 20. A higher
score indicates greater acceptability. The acceptability of
Astmakompas was also discussed in interviews with
patients and HCPs.

Usability. The system usability scale (SUS) was used to
determine the perceived user-friendliness of the interven-
tion for patients, and the web portal for HCPs, respect-
ively.”” The SUS is a 10-item questionnaire with a

6-point Likert scale ranging from ‘strongly disagree’ (0)
to ‘strongly agree’ (5). The sum of the scores was multiplied
by 2.5 to obtain the total score that ranges from 0 to 100. A
higher score indicates higher user-friendliness. A usability
score higher than 68 indicates above-average usability.
The usability of Astmakompas was also discussed in inter-
views with patients and HCPs.

Safety. Patients were asked whether they had encountered
any adverse impacts as a result of engaging in
Astmakompas (yes/no). If the answer was affirmative, an
open-ended question was posed to assess the nature of
these effects. The perceived safety of Astmakompas was
also discussed in interviews with patients and HCPs.

Secondary outcome measures

Asthma control was assessed in patients with the 6-item
asthma control questionnaire (ACQ).*® Each question has
seven answer options (0 ‘no impairment’ to 6 ‘maximum
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impairment’). A total score was created by dividing the sum
of the six items by six.**°

Rescue medication use in the past week was assessed with
the sixth item of the ACQ. The seven answer options ranged
from ‘none’ to ‘more than sixteen puffs/inhalations’.

The Respiratory Illness Questionnaire-Monitoring 10
(RIQ-Mon10) was used to assess asthma-related QoL.*!
Items are answered on a 4-point Likert scale with higher
scores indicative of more complaints or more restraints
(range 10-40).4142

General health-related QoL was measured with the
EuroQol 5 dimensions 5 levels (EQ—SD—SL).43 The score
on the five domains can be averaged to describe the
patient’s health status. In addition, the questionnaire has a
visual analogue scale (VAS) to identify how good or bad
the current health of the participant is. The VAS ranges
from O ‘the worst health you can imagine’ to 100 ‘the
best health you can imagine’.**

Self-efficacy regarding the perceived ability to manage
and control asthma was assessed with the 6-item version
of the Perceived Control of Asthma Questionnaire
(PCAQ). Questions were answered on a 5-point Likert
scale with higher scores representing greater perceived
ability and confidence to manage and control asthma of
more (range 6—30).45

Direct costs were assessed with several items of the
iMTA Medical Consumption Questionnaire ({IMCQ)
regarding patients’ asthma-related healthcare consumption
in the past three months.*® The number of visits to the
general practitioner and hospital due to their asthma and
how many appointments the patient has had with different
practitioners were added up.

Indirect costs were assessed with several items from the
iMTA Productivity Cost questionnaire (iPCQ) regarding
the impact of disease on absence from work in the past
month.*” The total amount of absenteeism was calculated
by multiplying the number of days of absenteeism and
the number of hours per working day of the patient. For
respondents who indicated that the absenteeism lasted
longer than 4 weeks, the amount of absenteeism was deter-
mined in calendar days by calculating the number of days
difference between the date on which the iPCQ was com-
pleted and the first day of sickness was reported.

All questionnaires used were validated. Permission to
use the questionnaires in this study has been obtained
from the respective copyright holders. All secondary
outcome measures were also discussed in interviews with
patients and HCPs.

Analyses

Descriptive analyses (e.g., M + SD, N, percentages) were
conducted to summarize the quantitative results. Pre- and
post-intervention outcomes were statically compared
using paired samples #-tests or Wilcoxon signed rank

tests. All quantitative analyses were performed in SPSS
(SPSS 25.0 statistics for Windows, IBM, Armonk,
New York).

The interview audio was transcribed and analysed
according to the principles of the Framework Method,
guided by the Theory of Acceptance and Use of
Technology (UTAUT) model.***° This iterative analysis
process combines inductive and deductive techniques,
which matches with the aim of the present research to inves-
tigate specific issues regarding patient experiences, as well
as discovering additional or unexpected, not a-priori formu-
lated experiences.*®* After familiarization with the tran-
scripts, the first two interviews with patients and the first
interview with an HCP were independently analysed and
coded by two researchers (LYJ and AZ). After reaching
consensus on the coded transcripts, labels and code trees,
the remaining interviews from both patients and HCPs
were coded by LYJ. Subsequently, horizontal data analysis
was performed by LYJ and AZ to explore similarities, dif-
ferences, and patterns across the perspectives of the patients
and HCPs.>® Data saturation was achieved concerning
patient interviews, whereas all HCPs involved with the
patients in this study were interviewed. The interview
data were coded using the software Atlas.ti (version 22).

Results

Study population

A total of twenty patients were included; however, only 14
patients used Astmakompas and completed the baseline ques-
tionnaire. The mean age was about 48 years, and the majority
of patients were female and highly educated (see Table 2). The
four included HCPs, of whom two pulmonologists and two
pulmonary nurses, were all female with a mean age of 44
years (range: 32-59). The working experience as a pulmonol-
ogist or pulmonary nurse ranged from 10 to 25 years.

Feasibility, acceptability, usability and safety of
Astmakompas - quantitative results

Figure 1 shows the results of the questionnaires regarding
feasibility, acceptability and usability. The perceived feasibil-
ity and acceptability were scored high by both patients and
HCPs, and the perceived usability was scored above
average by both. All participants considered Astmakompas
to be safe, in terms of not having experienced any adverse
effects.

Figure 2 shows for each week how many patients used the
functionalities of Astmakompas at least once that week.
Patients completed the monitoring questionnaire at least
once for 7.6 (§D =2.4) weeks and the spirometry measure-
ment for 8.0 (SD =2.9) weeks during the 12-week interven-
tion. One patient completed this every week during the 12
weeks. Both the spirometry functionality and monitoring
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Table 2. Demographic characteristics of the patient study
population (n=14).

Gender
Male 4L 28.6
Female 10 71.4
Gender neutral 0 0.0
Country of birth
Netherlands 13 929
Other 1 7.1
Educational level
Primary education 0 0.0
Lower vocational education/ preparatory 0 0.0
vocational education
Intermediate general secondary education 0 0.0
Senior secondary vocational education 5 35.7
Senior general secondary education/ 1 7.1
pre-university education
Higher professional education 6 429
University education 2 143
e e
Age (years) 47.6 13.0 21-71
Time since asthma diagnosis (years) 24.4 18.4 1-60

M = mean, SD =standard deviation

questionnaire were used irregularly during the intervention.
On average, patients used the action plan at least once for
5.9 (SD =3.6) weeks, and only one patient completed this
every week during the intervention. The use of the action
plan seemed to decreased over time.

Feasibility, acceptability, usability and safety of
Astmakompas - qualitative results

A subsample of 11 patients were interviewed, as well as the
four HCPs. Five themes emerged from the interviews
regarding the perceived feasibility, acceptability and
usability.

Feasibility of Astmakompas

A good explanation and instruction from the pulmonary
nurse are essential. Some patients had not used the monitor-
ing overview because they were unaware of its availability.
Also, some patients stated they had not used the chat func-
tion because they did not know who they would be commu-
nicating with, or they assumed that their HCP would be too
busy. In addition, some patients were unsure about how
often to do the spirometry assessment, and how to do the
measurement correctly. Inquiries revealed that in about
half of the patients, the HCP had not discussed
Astmakompas functionalities and proper use during the
consultation. Relatedly, almost all patients expressed a
need for more information on how to use Astmakompas
at the start of the intervention. Additionally, a few patients
expressed a preference for an interim evaluation: It would
be helpful to discuss your questions after using it for a
while, perhaps during an evaluation moment (Patient 9).”’

Astmakompas may help to reduce the workload in the
long-term. According to HCPs, Astmakompas is consid-
ered compatible with regular care, which typically involves
four on-site consultations in addition to an annual asthma
check-up in both hospitals. While HCPs emphasized that
Astmakompas cannot substitute for the annual asthma
check-up, they suggested the potential of Astmakompas
to replace on-site consultations, as lung function measure-
ments can be conducted at home. This may help to alleviate
the healthcare burden. All HCPs acknowledged that the
initial introduction of Astmakompas leads to a rise in
patient contact, as patients tend to reach out to their HCP
more often during the start of the intervention with
intervention- or asthma-related questions. Nevertheless,
the ultimate objective of the intervention is to enhance
patient self-management in the long term, which may
help to reduce the workload for HCPs, and Astmakompas
may help to do so. All HCPs indicate that Astmakompas
has the potential to reduce their workload in the future
when patients’ self-management is improved. One HCP
elaborated: ‘’At a certain point, the patient will recognize
the symptoms himself. And as part of patient empowerment,
I think that should ultimately lead to that they don’t say ‘oh
I have more complaints again, doctor, what to do?’ No,
they have their own tools to do something with it (HCP1).”’

Acceptability of Astmakompas

Astmakompas can lead to better self-management. The
general perception regarding Astmakompas’ acceptability
was positive, with patients reporting increased awareness
of their symptoms and gaining valuable insights into how
to manage them effectively. This was particularly notable
in terms of increased confidence in recognizing their symp-
toms, mainly attributed to the spirometry measurement.
One patient explained: ‘’You are really more in touch
with your own body, and you really start thinking: Do [
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Feasibility HCPs 18.0 (SD=1.4) 20
Feasibility patients 17.6 (SD=1.9) 20
Acceptability HCPs 17:5.(SD=1%7) 20

Acceptability patients 26.2 (SD=2.9) 32
Usability HCPs 75.5 (SD=2.4) 100
Usability patients 85.7 (SD=12.3) 100

HCP= Healthcare Professional. Feasibility measured with Feasibility of Intervention Measure (FIM), Acceptability for HCP
measured with Acceptability of Intervention Measure (AIM), Acceptability for patients measured with Client Satisfaction
Questionnaire-8 (CSQ-8), Usability measured with System Usability Scale (SUS).

Figure 1. Perceived feasibility, acceptability and usability of the Astmakompas application according to patients and HCPs. Note: HCP=
Healthcare Professional. Feasibility is measured with Feasibility of Intervention Measure (FIM), Acceptability for HCP measured with Acceptability
of Intervention Measure (AIM), Acceptability for patients measured with Client Satisfaction Questionnaire-8 (CSQ-8), Usability measured with

System Usability Scale (SUS).
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Figure 2. Descriptive information of the use of Astmakompas per week.

feel this right? Am I not feeling this right? Does my experi-
ence match the device’s readings? It gives some assurance
(Patient 6).”’ In addition, patients indicated that the moni-
toring overview provided insight into their asthma symp-
toms. Half of the patients indicated that Astmakompas
helped them better control their asthma: ‘’I increase my
medication a little faster now, so I get back into balance
faster (Patient 4). In addition, half of the patients indicated
that Astmakompas positively impacted their QoL.

HCPs affirmed that patients seemed to be more aware of
their asthma and had an improved understanding of symp-
toms: ‘’Patients gain insight and use the action plan to act
on their asthma symptoms. In this way, they will also gain con-
fidence in recognizing triggers and adjusting medication
accordingly, thereby increasing self-management skills
(HCP 1).”’ HPCs perceived an improvement in patients’ abil-
ities to self-manage their asthma and a decrease in patients’

dependency on them: *’See, everything you can manage your-
selfnaturally gives a certain peace and confidence, and that is
what I hear. So, that you are less dependent on managing your
disease (HCPs 3).”’

Astmakompas should be used customized to care needs.
All patients expressed a desire to use Astmakompas for a
longer period. Some patients mentioned that they would
especially appreciate using Astmakompas in case of moni-
toring symptoms with new asthma medication and during
periods of lower-than-desired lung capacity. Furthermore,
half of the patients highlighted that Astmakompas offered
a better treatment experience than regular treatment due to
symptom insights and the ability to discuss measured data
with HCPs during consultations and via chat. However, it
was indicated that long-term use should be more tailored
to individual requirements: ‘‘I would like to continue
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using it because I am more aware of my illness. So, that 1
can reflect; is it going better or worse than a month ago?
So maybe use it on your own initiative (Patient 9).”’ In add-
ition, some patients acknowledged forgetting their weekly
measurements or expressed their ability to manage asthma
without Astmakompas. HCPs agreed that if asthma
control becomes more stable, patients should have the flexi-
bility to use Astmakompas according to the severity of their
symptoms.

Usability of Astmakompas

Astmakompas is user-friendly. All patients praised the
user-friendliness of Astmakompas, partly because of the
straightforward interface and good app quality. Although
a small number of patients encountered initial challenges
(e.g., installing the app and connecting the spirometer to
the app), they successfully resolved these issues. The differ-
ent functionalities were generally experienced as easy to
use. However, a few patients had difficulty understanding
data in the monitoring overview. They suggested several

ways to address these challenges, such as a more elaborate
explanation of HCPs when starting to use Astmakompas.
Furthermore, patients suggested to include instructions on
how often to perform the spirometry and the duration of
blowing out, as well as a timer feature in the app. All
HCPs found the HCP portal user-friendly. HCPs described
it as clear due to the minimalistic interface.

Potential effects and usage of Astmakompas

Potential effects. The results regarding the pre-post ques-
tionnaires can be found in Table 3. Asthma control was
improved at post-intervention compared to baseline with a
large effect size. Moreover, there was a trend for improve-
ment in QoL with a medium effect size from baseline to
post-intervention when measured with the EQ-5D-5L
VAS-score. The change from baseline to post-intervention
was in the expected direction for rescue medication use,
RIQMON-10 score, EQ-5D-5L score, iPCQ and iMCQ
with a small to medium effect sizes, but was considered

Table 3. Data of secondary outcome measures at baseline and post-intervention, along with the results of paired t-tests.

Asthma control

ACQ-6-score 2.1 1.3 2.1 1.5 0-5 1.3 1.0 1.3 1.7 0-3.2 2.61 .02 0.70
Rescue medication use

Last week additional medication® 2.0 1.5 2.0 2.0 0-5 1.4 1.1 2.0 2.0 0-3 —-1.63 .10 -—0.06
(Asthma-related) quality of life (QoL)

RIQMON-10-score 226 6.9 240 7.0 10-33 189 7.7 17.0 15.0 10-30 1.70 .11 0.46
EQ-5D-5L-score 1.8 0.7 1.6 1.2 1.0-3.2 1.6 0.6 1.4 1.1 1.0-2.6 1.75 .10 0.47
VAS-Qol 53.5 17.5 56.5 21.0 10-71 67.4 18.9 74.0 20.0 26-95 —2.08 .06 0.56
Self-efficacy regarding perceived ability to manage and control asthma

PCAQ-score 21.4 2.7 20.5 3.5 17-26 21.6 5.0 22.0 7.3 13-30 —0.231 .84 0.06
(In)direct costs

iPCQb 34.8 547 10 66.5 0-152 22.8 53.3 0.0 22.5 0-152 1.057 .33 0.37
iMCQ-score 4.6 3.7 4.0 7.3 0-10 2.9 3.0 2.5 45 0-9 1.52 15 0.41

*Wilcoxon Signed-ranks test (Z, p, )
PN =8 (people in paid employment)

Asthma Control Questionnaire-6 (ACQ-6), Quality of Life (QoL), Respiratory lliness Questionnaire-Monitoring 10 (RIQMON-10), EuroQol 5 dimensions 5 levels
(EQ-5D-5L), visual analogue scale (VAS), Perceived Control of Asthma Questionnaire (PCAQ), iMTA Productivity Cost Questionnaire (iPCQ), iMTA Medical

Consumption Questionnaire (iMCQ).




Zijp et al.

non-significant. No significant changes were found for self-
efficacy regarding perceived ability to manage and control
asthma

Discussion

Key findings and interpretation

The results of this 12-week pilot study showed that
Astmakompas, a supported, digital self-management inter-
vention, was generally perceived as feasible, acceptable,
usable and safe by both patients and HCPs in secondary
care. The interviews showed that clear instructions for
usage and guidance from a pulmonary nurse are paramount.
HCPs commented that using Astmakompas in regular care
routines could potentially reduce their workload, if patients’
self-management is first improved by the use of
Astmakompas. Interview data furthermore suggested custo-
mising Astmakompas use to specific care needs of patients,
and that Astmakompas could help to improve patient self-
management. Finally, this pilot study found improvements
over time in asthma control and a trend towards enhanced
QoL. The latter results should be interpreted with caution
given the small sample, and the lack of a control arm.

The current results align with previous studies highlight-
ing the benefits of digital asthma self-management interven-
tions.”>?’°192  Patients unanimously endorsed the
incorporation of Astmakompas to support self-management
into usual care, which is in line with the literature emphasiz-
ing the importance of increasing patient self-management
and providing a tool for HCPs to empower patients.*>>*
Astmakompas was associated with patients’ improved rec-
ognition and management of their asthma symptoms, and
promising results were found for QoL. Nevertheless,
without a control group, it is difficult to determine
whether the observed effect can be attributed to the use of
Astmakompas. Previous systematic reviews show similar
effects of digital self-management interventions for
asthma patients; however, these reviews did find improve-
ments in lung function, rescue medication use and self-
efficacy.”’*° The latter effects were not found in the
current study. Consistent with previous literature,'>>*>>
some patients, despite meeting the inclusion criteria of
uncontrolled asthma, indicated to have good asthma
control before the start of the intervention. The perceived
asthma control of participants may have contributed to an
underestimation of the potential effects and the relatively
low intervention adherence.>® Moreover, effects on both
direct (i.e., healthcare expenses) and indirect costs (e.g.,
productivity losses) may only become apparent after
longer periods of Astmakompas use. Assessing the eco-
nomic impact of an intervention often requires observing
trends and changes over an extended period of time, as it
may take time for individuals to experience the full benefits
of intervention effects. Long-term studies and continuous

monitoring are essential for a comprehensive understanding
of the economic outcomes associated with asthma interven-
tions. Nevertheless, these preliminary results are promising
for the future implementation of Astmakompas.

Several improvements for Astmakompas were identi-
fied, including the patient’s need for more comprehensive
explanations about how to use Astmakompas and its func-
tionalities. One potential explanation for the patient’s need
for more information is the potential overestimation of
patients’ digital and health literacy by HCPs. Such an over-
estimation might have caused patients to struggle with
properly understanding or applying the given informa-
tion.>” It therefore seems advantageous to give more atten-
tion to the preparation and initial phase of using the digital
intervention.”® For instance, HPCs can go through the app
with the patient during the consultation to ensure that all
application functionalities are known and understood and
intervention goals can be discussed.”® Possibly, short
interim evaluations could also have a positive effect on
the adherence of patients using a digital intervention,
since unclarities will be discovered earlier.”®

Another suggestion for Astmakompas improvement
from patients was more flexibility in using the intervention
based on one’s symptoms and level of control over these. A
similar suggestion is reported in a recent review article,
highlighting a need for more tailored aspects in asthma self-
management interventions. More specifically, to tailor
interventions to the individual’s needs, health beliefs and
abilities, as each individual may need a different approach
to address intentional and unintentional barriers that affect
treatment adherence.” HCPs mentioned it was important
that Astmakompas would be embedded in the existing
digital patient systems, which underscores the importance
of ensuring a smooth integration of eHealth solutions into
existing healthcare processes.®!

Strengths and limitations

To our knowledge, this pilot study was the first to investi-
gate a digital, supported self-management intervention for
patients with asthma in secondary care. A strength of this
study was the recruitment of participants at two hospital
sites. Astmakompas was already integrated into usual care
at one site, whereas this was not the case for the other
site. These different settings allowed for valuable insights
into the experiences of HCPs who have been using
Astmakompas for some time and new users, which
increases the generalizability of the results. Another
strength is that the mixed-methods design allowed for a
comprehensive understanding of the perspectives and
experiences of both HCPs and patients. This study also
had some limitations. Although the sample size was consid-
ered adequate for the primary and explorative study aims,
there is insufficient power to effectively investigate the sec-
ondary aims, and the small sample size limits the
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generalizability.®*> Additionally, no control group was uti-
lized in this study. Furthermore, purposive sampling was
conducted for feasibility reasons, with HCPs playing a sig-
nificant role in the patient selection. HCPs may have
selected patients who seemed more receptive to new tech-
nology or self-management support.®*** In addition,
patients interested in eHealth might have been more likely
to participate, which might have led to an overestimation
of the acceptability and usability.

Implications

There is a need for future longitudinal research to obtain a
more comprehensive understanding of the effects in terms
of health outcomes and cost-effectiveness. Such research
will help to gain insights into the extent to which
face-to-face consultations can be replaced by the use of
interventions like Astmakompas and in which manner this
can be realized. Also, information on feasibility, acceptabil-
ity and usability after the desired adjustments are made
would be beneficial.

Conclusion

Given the potential of Astmakompas, it demonstrates
promise for further implementation and research. Future
randomized studies with longer evaluation periods are
needed to conclusively assess the impact of this tool on
asthma outcomes in patients. However, HCPS must guide
the use of the intervention and tailor interventions to meet
the individual needs and circumstances of each patient.
These findings may also apply to other digital asthma
care initiatives in both primary and secondary healthcare
settings, with the overarching objective to reduce healthcare
burden.
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