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Abstract

Background: Patients with cardiovascular disease (CVD) often struggle to develop and maintain heart-healthy physical
activity habits, even after completing a cardiac rehabilitation program. Digital tools offer opportunities to support long-term
behavior change in secondary prevention. The aktivplan digital health intervention (DHI) was designed to help patients
establish heart-healthy physical activity routines.

Objective: This study aimed to evaluate the feasibility of a randomized controlled trial design to assess the effectiveness of
the aktivplan DHI for patients with CVD or increased CVD risk.

Methods: This was a pilot feasibility study with a 2-arm, parallel-group, nonblinded randomized controlled design. Patients
admitted to 2 phase II rehabilitation centers in Austria were screened. Eligible participants were patients admitted for
cardiac rehabilitation and those admitted for noncardiac rehabilitation who had an increased cardiovascular risk. Recruited
patients were randomly assigned to the aktivplan intervention or standard care without digital support. Before discharge, the
intervention group was given access to the aktivplan app and a personalized prospective physical activity plan. Data collected
at baseline, discharge from the rehabilitation center, and 10-week follow-up included clinical assessments, patient-reported
outcomes, and wearables (accelerometry, heart rate). All patients participated in qualitative interviews. Data on intervention
implementation were gathered from all health care professionals (HCPs) through questionnaires and a focus group. The
qualitative data analysis was conducted according to the framework analysis method. Feasibility outcomes included recruit-
ment rate, attrition, data completeness, adverse events, patient adherence to the aktivplan intervention, fidelity of intervention
delivery regarding shared decision-making by HCPs, and both patients’ and HCPs’ experiences of the intervention and study
procedures. All analyses were descriptive.
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Results: From October 2023 to August 2024, a total of 34 participants (men: n=21, 62%, mean age 57, SD 14 y) were
recruited. Sixteen (47%) participants were allocated to the intervention group, and 18 (53%) to the control group. At study
sites 1 and 2, the recruitment rate was 1.0 and 0.6 patients per week, respectively. Randomization resulted in equal groups
with respect to sex and physical fitness. Attrition was 18%, and data completeness was 97.4%. There were no adverse events
related to the intervention or study procedures. Patient adherence was high, with 71% of planned physical activities completed
and a mean of 39 (SD 38) additional physical activities per participant. Participants and HCPs were generally supportive
of the intervention and the study procedures, providing positive feedback and helpful suggestions for the improvement of
design and intervention. HCPs felt that the intervention was implemented effectively (Normalization Measure Development
Questionnaire: mean score 3.75, SD 0.50; scale 1-5, with a higher score indicating better implementation).

Conclusions: This pilot study generated data to inform the design of a future definitive effectiveness trial of the aktivplan

DHI, including strategies for optimizing recruitment and the acceptability of the intervention.
Trial Registration: ClinicalTrials.gov NCT06025526; https://clinicaltrials.gov/study/NCT06025526
International Registered Report Identifier IRRID): RR2-10.2196/73704

JMIR Form Res 2026;10:€90203; doi: 10.2196/90203

Keywords: behavior change; cardiac rehabilitation; cardiovascular disease; digital technology; eHealth; exercise; habit

formation; mobile health; secondary prevention; smartphone app

Introduction

Background

Cardiovascular disease (CVD) remains the leading cause of
death worldwide, with 18.6 million deaths attributed to CVD
in 2019 [1]. In Austria, CVD accounted for 34.7% of all
deaths in 2023 and contributed to 11.7% of early retirements
[2]. Cardiac rehabilitation programs are a vital component of
the secondary prevention of CVD [3.4]. These programs aim
to assist patients in adopting heart-healthy habits, includ-
ing regular physical activity, through supervised sessions,
self-directed training at home, or a combination of both [3].

Cardiac rehabilitation is effective in reducing long-term
morbidity and mortality and is consistently endorsed in
contemporary clinical guidelines for conditions such as
chronic heart failure, post-myocardial infarction, and chronic
coronary syndromes [5]. However, completing a cardiac
rehabilitation program does not always lead to long-term
adherence to physical activity [6]. This challenge in main-
taining heart-healthy physical activity after rehabilitation has
been recognized by medical societies. In 2019, the Euro-
pean Research Area Network for Cardiovascular Diseases
identified this issue as a research priority, emphasizing the
need for strategies to support lifestyle maintenance, poten-
tially through digital technologies [7]. The European Society
of Cardiology’s guidelines also highlight the gap in long-term
adherence to physical activity and suggest that eHealth tools
could help address this challenge [8].

Digital technologies offer potential innovative solutions
for long-term and sustainable habit formation for independ-
ent, regular, heart-healthy exercise. In a systematic review [9]
that included 31 studies, the authors concluded that digital
technologies have the potential to enhance care and broaden
access to cardiac rehabilitation through tailored interactive
interventions. Furthermore, other reviews [10,11] indicate
that supporting physical activity through digital technolo-
gies following a cardiac rehabilitation program can achieve
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higher physical activity and physical performance outcomes
compared to standard care without digital technology support
following a cardiac rehabilitation program. Nevertheless, this
approach remains an ongoing area of investigation. In the
European region, for example, the “CoroPrevention” [12] and
“INTERCEPT” [13] studies investigate technology-supported
comprehensive secondary prevention for patients with CVD,
whereby these intervention concepts address all cardiovas-
cular risk factors rather than focusing on physical activity
alone. In this context, this study explored the feasibility of
a future randomized clinical trial on the novel digital health
intervention (DHI) “aktivplan” [14]. The aktivplan DHI was
specifically designed for the Austrian rehabilitation path-
way to help patients establish and maintain regular heart-
healthy physical activity after completing phase II cardiac
rehabilitation. Phase II rehabilitation describes a multidisci-
plinary rehabilitation program following shortly after the
acute care (phase I) [15,16]. Given that health care systems
and rehabilitation pathways vary across countries, generating
evidence specific to the Austrian context is crucial [17]. On
the basis of a recent survey of cardiac rehabilitation profes-
sionals, there is no comparable DHI currently established in
routine clinical practice in Austria [18]. Importantly, digital
tools available from the sports and leisure industry lack
the rigorous scientific investigation and clinical effectiveness
evidence necessary for implementation in a medical context.
Beyond its national relevance, the feasibility insights gained
in this study may also inform the design and implementation
of future mobile health-based randomized controlled trials
(RCTs) in comparable international health care and rehabilita-
tion settings.

Study Aim

The aim of this study was to assess the feasibility of a future
RCT of the aktivplan DHI. Quantitative feasibility meas-
ures included recruitment rate, attrition, data completeness,
adverse event reporting, patient adherence to the aktiv-
plan intervention, and fidelity of intervention delivery with
respect to shared decision-making (SDM) by the health care
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professionals (HCPs). Qualitative feasibility data addressed
participants’ use of alternative and additional strategies for
supporting physical activity, HCPs’ reflections on SDM
fidelity, and both participants’ and HCPs’ experiences and
perceptions of the intervention and study procedures.

Methods
Study Design

This was a pilot feasibility study with a 2-arm, parallel-group,
nonblinded RCT design. Both quantitative and qualitative
data collection methods were used. The study was conducted
at 2 rehabilitation centers in Austria. A protocol paper has
been published [19]. The reporting of this study adheres to
the CONSORT (Consolidated Standards of Reporting Trials)
statement extension for randomized pilot and feasibility trials
[20] and to the TIDieR (Template for Intervention Descrip-
tion and Replication) checklist [21]. The CONSORT and
TIDieR checklists are provided as Checklist 1 and Checklist
2.

Ethical Considerations

The study received ethical approval from the research
ethics committees of the Austrian federal states of Salz-
burg (reference 1065/2023) and Vorarlberg (reference
EK-2-14/2023) and was registered with the Austrian Federal
Office for Safety in Health Care (102214904). Participation
in this study was voluntary, and all participants gave written
informed consent to take part in the study.

Setting

The first study site (REHA Zentrum am Uniklinikum
Salzburg, Salzburg, Austria; S1) was an outpatient

Textbox 1. Inclusion and exclusion criteria.
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rehabilitation center in an urban setting. Patients attended the
center during the day for their rehabilitation appointments,
allowing them to work while undergoing rehabilitation. The
second study site (Reha-Klinik Montafon, Schruns, Austria;
S2) was an inpatient cardiac rehabilitation clinic in a rural
location, where patients spent 3 to 4 weeks for their rehabili-
tation.

Participants

Eligible participants were adult patients enrolled in the
phase II cardiac rehabilitation program at S1 or S2
or undergoing phase II rehabilitation for a noncardiac
condition but with increased cardiovascular risk at S1.
This increased risk was defined by physical inactivity (<30
min of moderate-intensity exercise on 5 d/wk or <20
min of vigorous-intensity exercise on 3 d/wk), combined
with at least one additional cardiovascular risk factor, such
as smoking, hyperlipidemia, arterial hypertension, diabetes,
or obesity. Detailed inclusion and exclusion criteria are
described in the protocol paper [19].

Recruitment and Randomization

Patients were screened against inclusion and exclusion
criteria, as presented in Textbox 1, by site investigators, and
all eligible patients were invited to participate in the study.
Patients who expressed interest in participating in the study
were asked to provide written informed consent. Random
allocation was concealed from the recruiting sites and
administered by the sponsor organization (Ludwig Boltz-
mann Gesellschaft) at a different location (Ludwig Boltz-
mann Institute for Digital Health and Prevention, Salzburg,
Austria). Randomization was stratified by study site, sex, and
exercise capacity (peak power per body weight in maximal
cycle ergometry at admission to rehabilitation).

Inclusion criteria

Exclusion criteria
lished in standard care at the time of recruitment.

exercise, and sports; or the use of a smartphone.

physical activity, exercise, and sports.

appointments).

* Adult patients enrolled in either a phase II cardiac rehabilitation program or phase II rehabilitation due to a noncardiac
indication but who present with increased cardiovascular risk (ie, physical inactivity with at least one of the following
cardiovascular disease risk factors: smoking, hyperlipidemia, arterial hypertension, diabetes, or obesity).

* Possession and use of a smartphone compatible with the aktivplan DHI (Android version 4.4 [Google LLC] or iOS
version 11.0 [Apple Inc.] or above and internet access).

 Existent use of a digital intervention to support regular heart-healthy physical activity by the patient already estab-
* Medical contraindications to symptom-limited incremental cycle ergometry; regular heart-healthy physical activity,

* Insufficient cardiovascular exercise capacity (eg, due to severe impairment of the musculoskeletal system).

* Participation of the patient in another clinical trial within the last 6 months.

» Lack of mental capacity to consent to study participation (eg, addiction or other illnesses that do not allow the person
to assess the nature, scope, and possible consequences of participation in the study).

* Pregnancy in the third trimester or pregnancy in the first and second trimesters with a medical contraindication to

* Breastfeeding women with a medical contraindication to physical activity, exercise, and sports.
* Indications that the patient is unlikely to comply with the protocol (eg, unable to commit to attending follow-up
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Intervention

The study intervention began shortly before discharge from
the phase II rehabilitation program. Participants allocated
to the intervention group were introduced to the aktivplan
app (Figure 1) in a one-to-one consultation with an HCP
experienced in exercise prescription (a physiotherapist or

Leysen et al

sports scientist). The patient and HCP discussed and agreed
on a personalized heart-healthy physical activity plan to be
followed independently for 10 weeks after discharge. This
consultation adhered to SDM principles [22]. A detailed
description of the intervention is provided in the TIDieR
checklist (Checklist 1).

Figure 1. Screenshots of the aktivplan smartphone app for patients. The physical activity plan is developed jointly between the patient and the health
care professional using shared decision-making and a person-centered approach. Left: planned physical activity on the day, achieved physical activity
of the current week, visualization of physical activity adherence during the preceding 4 weeks, and personal goals. Right: visualization of achieved

physical activity and activity score of the current week.
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Control Condition

The control group received standard care according to the
Austrian national rehabilitation plan [23,24], which did not
include any DHIs during or after phase II rehabilitation. No
placebo or alternative comparative treatment was provided.

Data Collection Procedures

Quantitative data were collected from all participants at
3 time points: baseline (T0), discharge from rehabilitation

https://formative jmir.org/2026/1/€90203

¢ Calendar week 24

250
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@ Extra activity: + 0%

(T1), and the 10-week follow-up (T2). This included clinical
assessments, patient-reported outcome measures, accelerom-
etry, and wearable heart rate sensors. These data are not
presented in this paper, but these data collection procedures
were assessed with respect to their feasibility and accepta-
bility for patients and HCPs. Figure 2 presents the data
collection timeline for patients in this study.
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Figure 2. Data collection timeline.
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Follow-up period

Quantitative data collection from HCPs throughout the study
period included the following standardized questionnaires,
available in validated German versions. The 9-item Shared
Decision Making Questionnaire (SDM-Q-Doc) [25], with
a scale from O to 45 (higher values indicating a higher
level of SDM), was completed by HCPs after each aktiv-
plan physical activity planning session (consultation). The
questionnaire was selected to inform about HCPs’ subjective
perception of the implementation of SDM principles during
the aktivplan consultations. Video recordings of all aktiv-
plan consultations were rated by 2 independent raters using
the Observer OPTION? rating scale [26], with a maximum
score of 20 points (higher ratings indicating a higher level
of SDM). This questionnaire was selected to add an objec-
tive rating of accordance with SDM principles, complement-
ing the SDM-Q-Doc. The German Normalization Measure
Development Questionnaire [27], with a scale from 1 to
5 (higher scores indicating better intervention implementa-
tion), is a 13-item clinician-rated implementation measure
that indicates how well a new intervention is implemented in
clinical practice. It was completed at the end of the study.

Qualitative data were collected from all participating
patients through semistructured interviews, following a
qualitative interview schedule, at T2 by members of the
study team (DL, IH, and STK). Two were experienced
qualitative interviewers (IH and STK), and one was a
novice (DL). Before the interviews began, the interview
schedule was discussed and piloted with the patient repre-
sentative on the study team (VL). The first interview of
each study team member was observed by a second inter-
viewer and then debriefed. These measures were taken to
ensure consistency across the interviewers. Interviews lasted
up to 20 minutes and aimed to provide an in-depth under-
standing of patients’ lived experiences regarding the study
procedures and intervention. Qualitative data from all HCPs

https://formative jmir.org/2026/1/€90203

were collected during and at the end of the study period.
Handwritten notes and open responses in questionnaires were
gathered throughout the study period. A 2-hour-long focus
group discussion was conducted at the end of the study
period, moderated by one member of the study team (EB).
The aim of the focus group was to facilitate HCPs’ retrospec-
tive discussion and reflection on the study procedures and
intervention, as well as on other observations regarding the
conduct of the study that would need to be considered in the
design of a larger definitive trial.

The qualitative interview schedule and the topic guide for
the focus group are attached as online supplements 3 and 4 in
Multimedia Appendices 1 and 2.

Feasibility Outcomes

The feasibility of conducting a larger RCT with a simi-
lar design was assessed through quantitative measures and
qualitative data. Quantitative measures included recruitment
rate, attrition, data completeness, adverse event reporting,
patient adherence to the aktivplan intervention, and fidelity
of intervention delivery with respect to SDM by the HCP.
Qualitative data addressed participants’ use of alternative and
additional strategies for supporting physical activity, HCPs’
reflections on SDM fidelity, and both participants’ and HCPs’
experiences and perceptions of the intervention and study
procedures. There were no prespecified criteria to judge
whether, or how, to proceed with a future definitive trial [20].
As no comparable previous studies are available for Austria,
and prespecified criteria are not imposed by the funding
organization, the decision whether, or how, to proceed with a
future definitive trial will be made in discussion with relevant
stakeholders and based on the data from this feasibility study
and comparable international studies.
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Data Analysis

The statistical data analysis was conducted using Excel for
Microsoft 365 (Microsoft Corporation, 2022). For descrip-
tive data analysis, the appropriate summary measures were
calculated according to data type, including measures
of central tendency and spread for continuous data and
frequency, proportions, or percentages for categorical data.
Additionally, 95% CIs were calculated for recruitment rates,
attrition, data completeness, and adherence data. As this was
a pilot study, no confirmatory inferential statistical analysis or
hypothesis testing was conducted.

The qualitative data analysis was conducted according
to the framework analysis method [28] using QDA Miner
Lite (Provalis Research, version 3.0.5). Recordings of the
patient interviews and the focus group with HCPs were
transcribed verbatim by a professional transcription agency.
The transcripts were checked for accuracy against the original
recordings by the first author (DL). Afterward, DL familiar-
ized himself with the transcripts by rereading and coding
them iteratively using the questions stated in the interview
guide and focus group schedule as the basis for the deductive
framework. Within each framework category, the interpreta-
tion and comparison of these codes among participants led
to the definition of analytic themes against the research
questions. The presentation of these themes was supported
and illustrated with selected anonymized quotes. During this
analysis process, DL conducted several peer review meetings
with other study team members experienced in qualitative
research (IH, RC, and STK) to enhance the consistency
and credibility of the analysis. Interpretive decisions were

Table 1. Baseline characteristics of the sample (N=34).

Leysen et al
documented in QDA Miner Lite for auditability. In the

reporting of qualitative findings, care was taken to preserve
the anonymity of the patients and HCPs.

Results

Baseline Characteristics

A total of 34 participants, with 16 (47%) allocated to the
intervention group and 18 (53%) allocated to the control
group, were recruited at both study sites, including 20 (59%)
at S1 and 14 (41%) at S2. Participants’ mean age was 57 (SD
14) years, 62% (n=21) were men, and the mean peak power at
baseline was 1.62 (SD 0.47) W/kg. Randomization resulted in
balanced groups between intervention and control regarding
sex and exercise capacity. The intervention group was, on
average, 9 years younger. The characteristics of the sample
according to study group are presented in Table 1. Approx-
imately half (18/34, 53%) of the participants had never
smoked or were ex-smokers. Prior to the start of rehabili-
tation, only half (17/33, 43%) of the participants reported
being physically active according to the Rapid Assessment
of Physical Activity I questionnaire, and a third (12/33,
36%) reported engaging in muscle strength and/or flexibility
exercises on the Rapid Assessment of Physical Activity II
questionnaire [29]. All participants reported having used a
smartphone several times per day prior to their admission to
rehabilitation, and one quarter (8/33, 24%) reported having
used a wearable device at least once per day prior to their
admission to rehabilitation.

Characteristics

Control (n=18)

Intervention (n=16)

Study site, n (%)

Site 1 9 (50) 11 (69)

Site 2 9 (50) 531
Sex, n (%)

Male 11 (61) 10 (63)

Female 739 6 (37)
Peak power (W/kg), mean (SD) 1.64 (0.46) 1.6 (0.49)
Age (y), mean (SD) 61.6(11.8) 523 (154)
Height (cm), mean (SD) 173.7 (12) 1754 (11.5)
Weight (kg), mean (SD) 88.9 (20.5) 98.1(24.7)
Smoking, n (%)

No 9 (50) 4(25)

Yes 7(39) 9 (56)

Ex-smoker 2(11) 3(19)
Marital status, n (%)?

Married or in a registered partnership 13 (72) 12 (80)

Single 1(6) 3(20)

Divorced 4 (22) 0 (0)
Employment status, n (%)

Employed 8 (44) 10 (63)

Unemployed 1(6) 0 (0)
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Characteristics Control (n=18) Intervention (n=16)
Retired 9 (50) 5@31)
Student 0(0) 1(6)

Rehabilitation phase ITI?, n (%)°
Not informed 6 (40) 5(42)
Informed 3 (20) 3(25)
Referred 2(13) 2(17)
Not interested 4(27) 2(17)

RAPA 1, n (%)?

Sedentary 0(0) 1(7)
Underactive 5(28) 1(7)
Underactive regular—light activities — —
Underactive regular 4 (22) 5(33)
Active 9 (50) 8 (53)

RAPAIL, n (%)*

None 10 (56) 11(73)
Muscle strengthening, once a week or more 5(28) 3 (20)
Flexibility exercises, once a week or more 0(0) 0 (0)
Both 3(17) 1(7)

Smartphone use, n (%)*

Multiple times a day 18 (100) 15 (100)

Wearable use, n (%)?

Several times a day 2(11) 2 (13)
Once a day 3(17) 1(7)
4-6 d/wk 1 (6) L(7)
1-3 d/wk 0(0) 0(0)
Less than once a week 2(11) 1(7)
Never 739 8(53)
Don’t know 3(17) 1(7)

Participants in the control group (n=18) and participants in the intervention group (n=15).
bEollowing completion of phase II rehabilitation, patients in Austria are eligible to apply for phase III rehabilitation, which is an outpatient program

with approximately weekly sessions over 6 to 12 months.

CParticipants in the control group (n=15) and participants in the intervention group (n=12).

Recruitment Rate

The CONSORT flow diagram is presented in Figure 3,
along with the reasons for exclusion at each study site. The
recruitment period at S1 lasted 20 weeks, from October
2023 to February 2024. Of 123 patients screened, 54 were
eligible and invited, accounting for 44% (95% CI 35-53)
of the screened patients, and 20 were recruited, resulting
in a proportion of 16% (95% CI 10-23) of the screened
patients and 37% (95% CI 24-50) of those invited. The

https://formative jmir.org/2026/1/€90203

average recruitment rate at S1 was therefore 1.0 (95% CI
0.56-1.44) patient per week. One participant at S1 under-
went cardiac rehabilitation. All other participants at Sl
underwent rehabilitation for noncardiac indications and had
insufficient physical activity with one or more additional risk
factors for CVD. The most common additional risk factors
were hypercholesterolemia (n=16), hypertension (n=12), and
obesity (n=11).
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Figure 3. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. *One participant did not complete accelerometry and heart rate
measurements but did complete T2 assessments. **Multiple exclusion criteria may apply to a single excluded participant. PROM: patient-reported

outcome measure.
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At S2, the recruitment period lasted 24 weeks from Octo-
ber 2023 to April 2024. Of 127 patients screened, 32 were
eligible and invited, accounting for 25% (95% CI 18-33) of
the screened patients, and 14 were recruited, corresponding to
11% (95% CI 6-16) of the screened patients and a proportion
of 44% (95% CI 27-61) of the invited patients. The average
recruitment rate at S2 was 0.6 (95% CI 0.28-0.89) patients per
week, approximately 1 participant every 2 weeks.

In total, 164 participants did not meet the eligibility
criteria for participation. At S1, the 2 most common exclusion
criteria were inability to comply with exercise training
recommendations (n=20, 12%), mostly due to pain, functional
impairments, and recent knee or hip surgery; and likely
noncompliance with the study plan (n=20, 12%) mostly due
to depression, language barriers, and psychological or social
circumstances. At S2, the most common exclusion crite-
ria were inability to comply with exercise training recom-
mendations (eg, due to severe musculoskeletal impairment,
n=34, 21%), as well as medical contraindications to maxi-
mal symptom-limited ergometry (n=27, 16%). Among the
latter, blood pressure limitations caused by aortic dissection,
ectasia, or aneurysm were the most prevalent. In addition,
likely noncompliance with the study plan (n=17, 10%) was
observed primarily due to language barriers or lack of
willingness to cooperate.

Attrition

A total of 6 participants withdrew during the study, represent-
ing 18% (95% CI 5-30) of all 34 participants. Comparing the
2 groups, 25% (n=4, 95% CI 7.0-41.0) withdrew from the
intervention group, and 11% (n=2, 95% CI 0-23) withdrew
from the control group. Comparing the gender, 4 (66%) of
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6 were men, of whom 3 (50%) were in the intervention
group and 1 (17%) was in the control group. The 2 (33%)
female participants who withdrew were 1 in the intervention
group and 1 in the control group. Comparing the 2 study
sites, 16 (80%) of 20 participants completed their final study
visit (T2) at S1 (outpatient center), resulting in 20% (n=4,
95% CI 0-40) attrition, with all 4 (100%) participants who
withdrew allocated to the intervention group. At S2 (inpatient
center), 12 (86%) of 14 participants completed T2, resulting
in 14% (n=2, 95% CI 0-33) attrition, with both participants
who withdrew allocated to the control group.

Data Completeness

The case report form specified a total of 8423 data entries
for 34 patients across all 3 data collection points (TO, T1,
and T2). The number of missing data entries was 217 (data
completeness 97.4%, 95% CI 97.1 to 97.8).

Adverse Events

During the 10-week study period, a total of 15 (44%)
participants reported 17 adverse events (control group: n=7,
47% and intervention group: n=8, 53%; men: n=11, 73% and
women: n=4, 27%). Of these events, one in the control group
was classified as a serious unexpected event. This patient
experienced a cerebral hemorrhage, which was not related
to the study. The remaining 16 adverse events were classi-
fied as unexpected events, including respiratory infection,
diarrhea, musculoskeletal injury, hypertension, and others.
Seven unexpected events occurred in the control group, and 9
occurred in the intervention group. None were related to the
intervention or to other study procedures. Of the 15 partici-
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pants experiencing adverse events, 2 (13%) withdrew from
the study.

Adherence to the Aktivplan Intervention

Throughout the intervention period, participants in the
intervention group manually confirmed completion of their
planned physical activity sessions and could also enter
additional (unplanned) physical activity sessions in the
aktivplan app. Among the 12 participants (7 men and 5
women) in the intervention group who completed T2, the
mean number of planned physical activity sessions over the
10-week period was 86 (SD 33; men: 79, SD 33, and women:
97, SD 33). The overall completion rate was 70% (n= 61,
95% CI 61-80; men: 72%, n=57, 95% CI 62-82; and women:
69%, n=67, 95% CI 59-78). Besides these planned sessions,
participants performed on average 39 (SD 38) additional
(unplanned) physical activity sessions (men: 51, SD 43, and
women: 21, SD 23), amounting to 45% (95% CI 34-55)
of their originally planned sessions (men: 65%, n=51, 95%
CI 55-76 and women: 22%, n=21, 95% CI 13-30). Overall,
during the 10-week intervention, all participants completed
on average 100 (SD 53) physical activity sessions (men: 108,
SD 54, and women: 88, SD 56), combining both planned and
additional (unplanned) sessions.

Use of Alternative and Additional
Strategies for Supporting Physical
Activity

Among the participants in the intervention group, 4 (33%)
participants reported alternative and additional strategies
for supporting physical activity during the study period,
including digital technology (eg, other smartphone apps,
wearable devices, and online exercise instructions; n=2,
17%), one-to-one support (eg, personal trainer or physiothera-
pist; n=1, 8%), enrollment in regular supervised exercise
classes and fitness center memberships (n=3, 25%), and
enrollment in phase III rehabilitation (n=1, 8%). In the control
group, 9 (56%) participants reported alternative and addi-
tional strategies for supporting physical activity, including
digital technology (n=2, 12%), one-to-one support (n=3,
19%), enrollment in regular supervised exercise classes and
fitness center memberships (n=5, 31%), and enrollment in
phase III rehabilitation (n=1, 6%).

Implementation of the Aktivplan
Intervention

Four HCPs (3 women and 1 man; 3 physiotherapists and 1
sports scientist) delivered the aktivplan DHI at the study sites,
with 2 HCPs per site. Prior to the start of recruitment, all
HCPs attended a 1-day training event focused on implement-
ing the aktivplan DHI in the context of the study.

The implementation of the study intervention by HCPs
was evaluated using the German Normalization Measure
Development Questionnaire at the end of the study. HCPs
reported a mean score of 3.75 (SD 0.50). In the subcategories,
the HCPs scored a mean of 3.67 (SD 0.86) for coherence,
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3.81 (SD 0.80) for cognitive participation, and 3.25 (SD 0.32)
for collective action.

In the focus group discussion, HCPs reported that, after the
training event, they had felt well prepared to deliver the study
intervention. However, because the training events took place
several months before the first patient was recruited, some
HCPs felt somewhat uncertain when the time came to deliver
the intervention for the first time. One HCP suggested that
a short refresher training just before the first actual patient
session would have been helpful:

If it’s been a while, just a quick refresher. And you
could do that via Zoom, for example, saying, “Hey,
come on, let’s go through it again quickly.” It was
good, but it was a lot of information for one day.
[HCP1]

Patients’ and HCPs’ Experiences
Regarding the Intervention

In qualitative interviews, patients provided overall positive
feedback on the aktivplan intervention and the app, stating
that “I think the app is great” (patient A, female, 37 y),
“everything went well” (patient B, male, 31 y), and “every-
thing is fine for me” (patient C, male, 67 y). When asked
about the influence of the app on their physical activity during
the intervention period (“Using aktivplan has affected my
activity level as follows™), 7 (58%) answered “much more
active,” 2 (17%) answered “more active,” 3 (25%) answered
“unchanged,” and none of the patients answered “less” or
“much less.” With regard to participants’ intention to train
(“I plan to continue regular weekly training after complet-
ing rehabilitation”), the trend from TO to T1 and T2 in the
intervention group showed mean scores of 6.53 (SD 0.92),
6.40 (SD 1.55), and 6.58 (SD 0.90), respectively, on a scale
from 1 to 7 (higher values indicating greater intention). The
control group had mean scores of 6.50 (SD 1.2), 5.94 (SD
1.77), and 6.19 (SD 1.47), respectively.

In the focus group discussion, HCPs reported that they had
sometimes experienced time pressures during the one-to-
one consultation due to restricted time schedules, language
barriers, or minor technical issues, such as poor internet
connection. For example, one HCP explained:

One patient took longer because he didn't speak
German very well. So, we had to do a bit of translating,
or try to explain things in very slow and understandable
sentences. That made it a bit more difficult. It took
longer than usual. [HCP1]

During this one-to-one consultation between the HCP and
their patient, a prospective physical activity plan tailored to
the patient’s needs was scheduled in the aktivplan calendar.
Compared to their usual practice, this enabled the HCPs to
develop a more consistent, structured, and personalized plan
together with their patients. This instilled confidence in the
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intervention, as reported by one of the HCPs when asked
what they did differently when using aktivplan:

Otherwise, I always say, it would be good to do
something for 15 or 20 minutes every day. And
that [aktivplan physical activity planning] was just
much more precise. Much more precisely planned,
much more precisely structured exercises, so to speak.
[HCP1]

While 3 HCPs found that the app was generally well
designed and overall successful, 1 HCP was particularly
critical of the app. One major criticism concerned the number
of steps required to schedule and log personalized physical
activities, which highlights an area for future development,
for example, by increasing automation without reducing the
individual touch of the planning:

It’s really just a calendar app. And I think there are
many better sports apps out there that are easier for
people to use, because you have to enter every single
activity you do manually [in the aktivplan app]. I think
that’s quite a lot of effort. There are a few people
who need something like this, who enjoy doing it. For
them, maybe, if it’s a bit better developed, I'd say. But
basically, I don’t really see the point, especially in the
long term. [HCP3]

Throughout the entire study period, the HCPs monitored
their allocated patients’ physical activity adherence using the
aktivplan web application. HCPs reported that this moni-
toring task was smoothly integrated into their daily rou-
tines. However, they suggested that the application lacked
features that could have facilitated 2-way communication. For
example, an easy way for patients to confirm whether the
agreed physical activity plan was suitable and effective would
be helpful, as one HCP remarked:

It [offering support after discharge from rehabilita-
tion] was quite difficult, because I didn’t receive any
feedback at all. [HCP3]

A second observation related to communication was that
patients used the note-writing feature in the aktivplan app in
various ways. When marking a physical activity as comple-
ted in the app, patients could annotate additional information
related to this physical activity. Some patients did not use
this function or made notes for themselves, while others
wanted to communicate with their HCP or place questions
to their HCP in these notes. As these notes did not trigger any
notifications for the HCP, they remained unnoticed, or HCPs
had to manually review each patient’s physical activity entries
to spot new notifications. This was not always possible and
created an additional burden on the HCPs:

There’s no notification of anything, and you have to

click through every activity to see if the participant has
written something. [HCP3]
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In addition to creating an increased workload for HCPs,
these communication issues sometimes also caused misunder-
standings and perceived lack of support for patients, as shown
by 1 participant’s notes in the app:

Isn’t Tuesday’s rehab enough for you, and yesterday’s
1 hour walk?? [Patient D, male, 38 years, dropout]

A few days later, the same patient wrote:

Since the study is voluntary, I reserve the right to
terminate my participation because I am no longer
interested in playing the guinea pig. [Patient D]

Another observation that seemed to create some disap-
pointment for patients was that the graph that visualizes
adherence to the planned physical activities did not include
additional unplanned physical activities:

What often happened was that patients didn't do the
planned activities, but did something else instead. Then
they still only got 80% or something, even though they
actually exceeded the minutes and what they did. That
didn't really add up. [HCP1]

A related issue raised by patients was that the app did
not allow rescheduling of planned activities to different days,
which would have been helpful:

Yes, definitely incorporate more flexibility for the user
so that training sessions can be rescheduled more
easily. [Patient E, female, 28 years]

In summary, while patients’ and HCPs’ overall feedback
on the aktivplan intervention was positive, the qualitative
findings identified several areas for improvement of the app,
including better two-way communication between patient and
HCPs, visualization of completed unplanned physical activity
sessions in the app, and the ability for patients to reschedule
planned physical activity sessions.

Implementation of SDM in Physical
Activity Planning

As part of the aktivplan consultation session, HCPs were
instructed to implement SDM when discussing the personal-
ized physical activity plan with the patient. Two independent
raters using the Observer OPTION? scale produced compara-
ble results with mean scores of 16.1 (SD 3.4) and 16.1 (SD
4.32). The SDM-Q-Doc showed an increase in total scores
with successive consultations. The mean score for the first
conversation was 25.25 (SD 5.56), and it increased to 27.27
(SD 3.59) after the second SDM conversation. Three HCPs
completed the questionnaire a third time, with a mean score
of 28.67 (SD 5.51). Two HCPs participated in the 4th and 5th
interviews, with respective mean scores of 32.00 (SD 1.41)
and 33.50 (SD 0.71). Patients were asked to reflect on their
experience of the aktivplan consultation session and reported
positive experiences with their interactions with the HCPs,
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mostly describing them as “interesting” or “good.” Patients
did not specifically mention recognizing SDM as a particular
aspect of their HCPs’ communication.

During the focus group, the HCPs were asked about their
experience of incorporating SDM. The HCPs reported that
the introduction workshop was well conducted and that they
appreciated having the theory and history of SDM explained.
In particular, they found the practical role-play valuable, in
which they acted out the aktivplan consultation session with
each other, taking on the roles of the patient, the HCP, and the
observer using the Observer OPTION® scale:

I think he [presenter] spent a lot of time on the
theory and explained it in great detail, including shared
decision-making. We also did the role-plays. That

was very good for getting the background information.
[HCP3]

HCPs acknowledged the benefits of SDM based on their
experience in the study. For example, HCP2 said:

I would say absolutely. It was crucial for me. Because
at first, it was often a bit like, oh God, they [the
patients] are given a training plan and they have
to go to the gym, for example. So, it was often an
“aha’’moment for the patients. Ah, okay, it’s based

on mutual discussion and agreement. Okay, that’s cool.
[HCP2]

Patients’ Experiences Regarding Study
Procedures

Patients’ experience of study procedures was generally good,
but some areas for improvement were pointed out. All
patients found that they had been sufficiently informed about
the study prior to giving consent and that the study informa-
tion sheet and the explanations given by site investigators
had been clear. The most common reason why patients were
motivated to participate was to have specific guidance after
the phase II rehabilitation program, as 1 participant noted:

Simply that my work is actually being monitored [by the
HCPs], that I can see whether I have improved over
time. And also, simply that I persevere with everything.
It’s not a bad thing to have a little pressure. And
mainly, actually, to encourage my own work a little
more. [Patient F, female, 73 years, intervention group]

Additionally, interest in science or helping others served as
motivators to participate in this study:

I also want it to be scientifically investigated. [Patient
G, male, 73 years, control group]

First and foremost, that I might be able to help other
people. [Patient H, male, 67 years, intervention group]

In general, undergoing the additional procedures as part
of the study did not pose a problem for patients, although
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some found the questionnaires too long and not always easy
to understand:

In my opinion, they [questionnaires] need to be
reworded. For example, pensioners are not considered
at all, and it is sometimes very difficult to understand
correctly. [Patient I, female, 61 years, control group]

The wearable measurement devices (not part of the
intervention), worn daily during the last 3 weeks of the study,
were also generally well accepted, but some participants
found it bothersome to wear 2 devices and to have to charge
devices daily. All patients (n=28) completed the Comfort
Rating Scale [30], which assesses 6 dimensions (ie, emotion,
attachment, harm, perceived change, movement, and anxiety)
of wearing a wearable device on a scale from 1 to 10 (with
higher values indicating greater discomfort). The mean rating
for emotion was 0.93 (SD 1.88), attachment was 2.89 (SD
3.39), harm was 1.61 (SD 2.62), perceived change was 1.21
(SD 2.17), movement was 1.36 (SD 2.08), and anxiety was
0.61 (SD 0.69). The overall mean rating across all dimensions
was 1.43 (SD 2.37).

When asked about their thoughts on a 6- to 12-month
follow-up period, as would be required for a definitive
effectiveness study, responses were mixed. Some participants
recognized the value of long-term studies, but most felt that
a longer study duration would negatively impact recruitment
and retention. Approximately half of the participants said they
would commit, while the other half said they were unlikely to
sign up for a study lasting 6 to 12 months.

Discussion

Principal Findings

This pilot study has demonstrated the feasibility of the study
design for an RCT of the aktivplan DHI for supporting
regular physical activity following phase II rehabilitation.
Several factors should be considered before conducting a
definitive RCT.

The stratified randomization procedure worked well,
resulting in balanced groups. To avoid a significant age
difference in both groups, it should be considered to include
age as an additional stratification factor in the randomization
process.

The average recruitment rate was 1 and 0.6 participants
per week for S1 and S2, respectively, and was lower than
the expected recruitment rate of 1 participant per week per
study site. The difference in recruitment rate might be related
to the different settings. The outpatient rehabilitation setting
can be particularly attractive to patients who require more
flexible rehabilitation provision to accommodate work or
family commitments. Patients in outpatient rehabilitation also
tend to be more functionally able patients, while the inpatient
setting is particularly suitable for patients with greater care
needs [31]. These recruitment rates help us estimate and plan
the recruitment period and the required number of study sites
needed for a future trial. Recruitment rate is a major factor
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that determines the duration of a study. In digital health, it is
noteworthy that the pace of digital technology development
generally by far outruns the generation of clinical evidence,
as a systematic review of 71 digital intervention studies in
CVD, diabetes, mental health, and other health conditions has
shown that primary data collection lasted on an average of
6 (SD 8) months [32]. Therefore, it is important to improve
the recruitment rate, for example, by increasing the number of
study sites, so the intervention stays aligned with the pace of
innovation in mobile health.

With an attrition of 18% during this 10-week study, this
design appears promising. Comparable studies in cardiac
rehabilitation with a 1-year duration have reported attrition
rates between 26% and 31% [33-36]. In 9 RCTs with
app-based interventions for various chronic diseases, the
average attrition was 40% (95% CI 16-63) for follow-up
periods of up to 1 year [37]. On the basis of this, there is
a risk of higher attrition in a definitive study with a longer
follow-up period than in this pilot study. A systematic review
of 52 health behavior trials did not identify any statistically
significant influence on attrition of the amount of human
contact in the study delivery, the intensity of the intervention
and control condition, the type of control condition, follow-up
intensity, or follow-up duration. We therefore suggest that it
will be important to ensure during the recruitment process
that participants’ intention to complete the study is high [38].

The data collected were comprehensive and successful,
with data completeness above 95%, which is generally
considered successful in health care research [39]. This
demonstrates that the guidance, monitoring, and support
offered to site investigators were adequate. We recognize
the burden of the large number of questionnaires included
in this pilot study. This poses the risk of survey fatigue or
satisficing [40,41]. However, many of these questionnaires
addressed objectives of this pilot feasibility study and will not
be required in the future trial.

Considering participant safety, none of the 17 adverse
events were considered to be related to the intervention or
study procedures, indicating that neither the intervention nor
the study design posed a risk to participants. The inclusion
and exclusion criteria for this study were rigorous regard-
ing participants’ language skills and physical abilities of the
participants but still comparable with those of other studies
in this field [34,35]. To improve equity, the inclusion and
exclusion criteria should be adapted where possible in the
future trial.

Participants (9/12, 75%) in the intervention group reported
being “much more” or “more” active due to the aktivplan
app. This high activity level is also visible in the adherence
to “aktivplan.” Additional unplanned activities cumulatively
increased the total number of performed activities above the
level of the planned activities. It is important to note that both
the control and intervention groups showed similar trends
in their intentions to train after rehabilitation, indicating that
both groups planned to train regularly after rehabilitation.
Interestingly, participants in the control group were more than
twice as involved in one or more alternative and additional
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strategies to support physical activity. This could indicate that
“aktivplan” serves as this support in the intervention group.
The needs of people with cardiovascular disease for physical
activity support and possible opportunities by eHealth were
evaluated in a cross-sectional study in 2022 [42]. The positive
effect of digital support for physical activity is supported by
previous studies [10,11]. It is important to capture the use of
alternative and additional physical activity support strategies
also in a future definitive trial to evaluate group differences
and potential impact on physical activity outcomes.

The patients and HCPs were generally satisfied with
the intervention; however, based on qualitative feedback, 3
modifications could enhance the intervention. First, commu-
nication between patients and HCPs could be improved
by separating notifications—whether personal or intended
for HCPs—from questions. An instant alert for incoming
messages in the HCP’s web application would enable
on-demand response communication. Nevertheless, patients’
communication preferences should be considered, as these
will depend on the type of technology user, and some
may prefer restricted communication options [43]. Second,
personalized physical activity planning could be enhanced by
providing more and adaptable exercise-related content within
the aktivplan app so that the physical activity planning can
be optimally tailored to patient needs [44]. Third, adherence
to the aktivplan app could be enhanced by enabling resched-
uling of planned physical activities and integrating addi-
tional physical activity scores into a comprehensive physical
activity score. This will provide a more accurate reflection of
self-monitoring and, ideally, increase participants’ motivation
[45].

The importance of SDM in the primary and secondary
prevention of CVD is well recognized and reported in the
literature, including in the context of physical activity and
exercise prescription [4647]. Overall, the focus on SDM
in the intervention was well received by the HCPs, and
they made appropriate efforts to integrate SDM into their
interactions with participants. In addition to positive Observer
Option’ ratings, the HCPs’ self-assessment of SDM (SDM-
Q-Doc) showed continuous growth in their confidence with
SDM skills. This indicates the need for thorough preparation
and understanding of SDM among HCPs from an early start.
An opportunity to improve this would be a (virtual) refresher
workshop held shortly before the start of the study, along with
a paper-based checklist to support them during the physical
activity planning session with participants. These 2 strategies
could enhance SDM skills from the beginning in the future
RCT.

The HCPs and patients shared positive experiences of
the study design. One of the HCPs suggested improvements
to better coordinate tasks among multiple HCPs at the
same study site to reduce misunderstandings. Some patients
experienced the use of 2 wearable devices and the high
number of questionnaires during the assessments as some-
what irritating; therefore, both should be reconsidered in a
future RCT. Despite these manageable burdens, participants
also expressed skepticism about the 6- to 12-month duration
of a definitive RCT. The fast pace of digital technology
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development calls for efficient evaluation designs, so that
potential patient benefits can be demonstrated quickly and
DHIs may be implemented in clinical practice as soon as
possible [32]. This needs to be balanced against the problem
that the aktivplan DHI seeks to address, which is long-term
maintenance of heart-healthy physical activity behavior and
which requires follow-up periods of at least 6 months [48].
As both the study design and the aktivplan digital intervention
will be refined based on this valuable pilot study dataset,
design decisions need to be made to avoid discouraging
potential participants during recruitment and to reduce the
risk of attrition during a study with long-term follow-up.

Although this pilot study was not designed to provide
generalizable effectiveness estimates, several insights may
inform the design of similar DHIs in rehabilitation and
post-rehabilitation settings. First, digital interventions should
assume routine phone use but cannot rely on previous
experience with activity trackers. Second, they should support
flexible scheduling, integration of unplanned activities into
feedback graphs, and a need for low-burden documentation
(eg, automated tracking via wearables). Third, experiences of
HCPs underline that even well-received digital tools require
clear communication, timely feedback options, and pragmatic
training and refresher structures to sustain implementation in
routine care. Finally, time constraints appear to be the greatest
barrier for HCPs to consistently apply SDM, at least in digital
health contexts.

Limitations

The context-specific development of the study intervention
restricts the intervention’s transferability to other countries.
Implementing aktivplan elsewhere would require assessing its
compatibility with national regulatory frameworks, clinical
pathways, and local sociocultural conditions [49]. Another
limitation of the study is the lack of blinding. Blinding
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patients and HCPs delivering the intervention was not
feasible. Although blinding outcome assessors would have
been possible in theory, early discussions with the site
principal investigators revealed that this was impractical
due to limited staff and close working relationships at the
participating sites. As a result, outcome assessments were
conducted without blinding.

The study period was limited to 10 weeks, whereas a
subsequent study would envisage a follow-up period of up
to 1 year. This shorter duration was intentionally selected
due to the exploratory nature of this pilot feasibility study.
Finally, no predefined criteria were established to determine
if and when to proceed to a full-scale trial [20]. As compa-
rable Austrian data are unavailable and the funding organiza-
tion does not specify progression criteria, decisions about a
future definitive trial will be made collaboratively with key
stakeholders, guided by the findings from this pilot study and
evidence from comparable international research.

Conclusions

Evidence-based interventions are needed to support regular
physical activity after discharge from phase II rehabilitation
for individuals with CVD or those at risk of CVD. DHIs
hold promise to support these needs. This pilot feasibil-
ity study provided critical and detailed quantitative and
qualitative information on recruitment rate, attrition, data
completeness, adverse event reporting, patient adherence,
intervention fidelity, and patients’ and HCPs’ experiences of
the intervention and study procedures. These outcomes, in
comparison with the existing literature, will guide the design
of a future full-scale effectiveness trial of the aktivplan DHI.
The study also identified areas for further refinement of the
aktivplan app before conducting a definitive trial and offered
useful insights for planning the future implementation of the
intervention.
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