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Abstract
Background: Physical activity is a key component of cardiac rehabilitation. However, EUROASPIRE V
concluded that intending 48% of coronary artery disease (CAD) patients do not intend to do physical
activity in the next six months. Patient involvement improves patient satisfaction, adherence, and health
outcomes and is a prerequisite for good clinical practice. Unfortunately, patients currently have only
limited input in their exercise prescription. We developed SharedHeart, a digitally-supported shared
decision making (SDM) approach that assists patients with heart disease and their caregivers in
collaboratively setting up exercise goals and creating an exercise plan for the patient.

Objective: The aim of the study is to determine the effectiveness and cost-effectiveness of the
combination of center-based CR and shared decision making based telerehabilitation. The study
investigates the in�uence of a SDM approach supported by digital applications on the patient’s quality of
life, exercise capacity, motivation to exercise, perception of rehabilitation and engagement in the shared
decision making process.

Methods: The study is a prospective double-arm, randomized controlled trial that includes a usability
study of the applications. In the usability study, instantaneous user friendliness and patients’ motivation
will be investigated by testing the designed applications with 10 CAD patients and 5 physiotherapists. In
the RCT, 80 patients will be randomized 1:1 between an intervention group and a control group. The
intervention group will follow the SharedHeart approach, consisting of SDM encounters with caregivers
and using the digital tools during phase II cardiac rehabilitation (i.e. 3 months). The primary outcome
measure is patients’ quality of life, assessed with the HeartQoL questionnaire. Secondary outcomes are
related to patients’ exercise capacity, motivation to exercise, perception of rehabilitation and engagement
in the shared decision-making process.

All methods were performed in accordance with the relevant guidelines and regulations by including a
statement in the Ethics approval and consent to participate section to this effect.

Discussion: This will be one of the �rst study to investigate the effects of a digitally-supported shared
decision making approach. If the SharedHeart approach and supporting applications are found to be
effective in increasing patients’ quality of life, exercise capacity, motivation to exercise, perception of
rehabilitation and/or engagement in the shared decision making process, this can be a cost-effective and
accessible solution to increase patient outcomes and patient involvement during cardiac rehabilitation.

Trial registration: ClinicalTrials.gov NCT05026957.

Introduction
Due to a stabilization of the incidence of myocardial infarction (MI), an ageing population, the increased
prevalence of diabetes and obesity, and a decrease in case-fatality, the number of patients who would
bene�t from cardiac rehabilitation (CR) in Europe is growing (1-4). Literature demonstrates high

https://classic.clinicaltrials.gov/show/NCT05026957
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recurrence rates of MI and new revascularisations (5-7). Despite these high recurrence rates, the
EUROASPIRE surveys demonstrate that in many countries secondary prevention and CR are undervalued
elements in the long-term management of CVD (8). The latest survey has shown that the majority of
patients with heart disease in Europe have an inadequate risk factor control and do not receive guideline-
based medical therapy (8). While CR is a key element of secondary prevention, the duration is often
limited to 3 months, whereas secondary prevention should be a lifelong process. It is important that
patients maintain their healthy behaviours also after the cardiac rehabilitation program has ended. The
aim of our proposed approach is to also intervene at home to prepare patients to maintain their healthy
lifestyle on the long-term. 

Nowadays, in most telerehabilitation systems patients have only small input in their exercise prescription.
Research demonstrated that patient involvement improves patient satisfaction, adherence, and health
outcomes and is a prerequisite for good clinical practice (9). Based on the experience of Telerehab III (10)
and the Hearthab pilot study and prospective cross-over trial (11,12), this study wants to investigate how
digital applications can support healthcare professionals in involving their patients in the  shared
decision making process in the context of physical activity. Patients and their caregivers set up goals
together to construct a tailor-made exercise program in order to get patients involved to make their own
decisions about their physical activities, try to improve long-term adherence to physical activity. We
combine the best available evidence and the patient’s personal preferences, values, goals and context to
come to an exercise program that is in line with the current European guidelines for physical activity and
the patient’s personal preferences. 

Cost-effectiveness of different methods of telerehabilitation was shown in multiple trials (13-17. The
emphasis of this research project is to determine the effectiveness and cost-effectiveness of the
combination of center-based CR and shared decision making based telerehabilitation. The developed
telerehabilitation solution SharedHeart (18)  is composed of several digital applications supporting
patients and caregivers. The applications are based on the already validated EXPERT tool (19, 20) and
HeartHab (12).  

Objectives

The study is a prospective randomized controlled trial that includes a usability study of the applications.
The aim of the study is to investigate the effectiveness of the proposed shared decision making (SDM)
approach supported by digital applications in improving quality of life, exercise capacity, motivation to
exercise, perception of rehabilitation and engagement in the shared decision making process in patients
with heart disease in a cardiac rehabilitation setting. Furthermore, it studies the overall user experience
when following the approach and using the different applications. 

The study consists of two phases, each one addressing a speci�c research question for the speci�c
target group of patients with heart disease in a (supervised) CR setting:



Page 4/14

1. Usability study: 
 The �rst research question deals with patients’ motivation and instantaneous user friendliness of
the applications and brings along the following sub questions. Are the developed applications for
SDM regarding physical activity user-friendly? Does it seem motivating for the target patients to use
the approach, be involved in the  shared decision making process and exercise more?

2. Randomized controlled trial: 
 The research questions includes the impact on quality of life as primary outcome and improvement
of exercise capacity, motivation to exercise, perception of rehabilitation and engagement in the
decision making process as secondary outcomes.  

Methods
Usability study and RCT

Preceding to the RCT, a lab-based usability study of the applications is performed to discover features of
the applications that are unclear or misinterpreted by the end users and as such, improve these before the
RCT (in the second phase of the study) starts. Task-based usability tests will be executed with 10 CAD
patients undergoing cardiac rehabilitation at Jessa Hospital Hasselt as well as 5 physiotherapists
guiding these patients. The patients that participate in this usability test will not be included in the RCT.
The physiotherapists included in this test will not be excluded from participating in the RCT. The primary
endpoint of the usability test is the usability of the different applications supporting the shared decision
making approach and is measured with custom-made questionnaires. We hypothesize that the
applications developed to support the SDM approach are easy to use, user-friendly and have a good
understandability. Only basic socio-demographic and technology related parameters of the participants
will be collected, all in the pre-test questionnaire. After the task-based usability testing, with relevant
scenarios of use, a post-test questionnaire probes for the user experience during lab testing.  

The clinical study is a prospective randomized controlled trial to study the user experience of the
approach with the supporting applications, and the impact on patients’ quality of life, physical activity,
perception of rehabilitation and engagement in the decision making process. 80 subjects who start CR at
Jessa Hospital Hasselt will be included. Subjects who do not violate any of the prede�ned exclusion
criteria and have provided informed consent will be randomly assigned in a 1:1 ratio to one of the
treatment strategies. 

Patient population

Inclusion and exclusion criteria are mentioned in Table 1: 

Table 1: inclusion and exclusion criteria.
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Inclusion criteria Exclusion criteria

Indication for cardiovascular rehabilitation in
a center-based cardiac rehabilitation center

Orthopedic, neurologic or any other pathologic
condition which makes the patient physically
unable to follow a technology-supported shared
decision making program

Recently having started cardiac rehabilitation
in Jessa Hospital Hasselt

Planned interventional procedure or surgery in the
next three months

Be clinically stable without inducible ischemia
or high-risk ventricular arrhythmia, con�rmed
by the last available maximal ergospirometry
test 

Pregnant females

 

Age ≥18 years Present cardiovascular complaints

Willing and physically able to follow a
technology-supported shared decision
making program and other study procedures
in a three months follow-up period

Participation in other cardiac rehabilitation program
trials, focusing on exercise outcome

Show evidence of a personally signed and
dated informed consent, indicating that the
subject (or a legally-recognized
representative) has been informed of all
pertinent aspects of the study

Current or recent participation in other technology-
supported programs, even when not directly
targeting exercise capacity

Possession of and/or able to use an Android
based smartphone

Any condition which in the opinion of the
investigator would make it unsafe or unsuitable for
the patient to participate in this study or a life
expectancy of less than three months based on
investigators judgement

Possession of internet connectivity  

Dutch speaking and understanding   

Recruitment

All 80 patients will be recruited from the Cardiology Department of Jessa Hospital Hasselt. Patients who
are eligible for participation will be contacted by the study staff before their baseline cardiopulmonary
exercise test (CPET) at the start of the CR programme. The study will start for the patient at his/her next
exercise session in the rehabilitation center.

Study design

Patients in the intervention group will follow the regular cardiac rehabilitation program (typically 12
weeks) offered at Jessa Hospital Hasselt, supplemented with the shared decision making approach
supported by the SharedHeart applications and a personalized training prescription for the patient
constructed with support of the EXPERT tool. The patients will participate in SDM encounters with their
caregivers and use the SharedHeart mobile application at home to follow up on their physical activity.
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The frequency of the SDM encounters will decline gradually. During the �rst six weeks of the study,
patients will have a SDM encounter with a physiotherapist each week. In the following six weeks, they will
have such an encounter every two weeks (as depicted in Figure 1).

Patients in the control group will follow the regular CR program (typically 12 weeks) offered at Jessa
Hospital Hasselt. This usual care CR program at the Jessa Hospital Hasselt consists of 3 CPETs,
trainings 3 times in a week, education and dieticians, psychologists, and smoking cessation consultants.

Intervention

At the start of their supervised rehabilitation program, patients in the intervention group have a �rst
encounter with their cardiologist. Patients use the SharedHeart tablet application to create their personal
preference ranking of physical activities and enter information about their physical limitations and
context. This occurs at the start of this encounter together with a caregiver.

During the SDM encounter, the patient and cardiologist discuss the patient’s preferences for physical
activity and construct the patient’s exercise program for the upcoming week. The SharedHeart dashboard
stimulates discussion and provides guidance in creating the exercise program.

Between the encounters, patients use the SharedHeart mobile application on their smartphone to report
on the physical activities that they do and monitor their progress. The mobile app gives patients the
possibility to report the activities from the pre-constructed program that they perform. In addition, they
can add new activities. Furthermore, patients can consult their history of physical activity, watch videos to
improve their knowledge, report on the non-exercise related physical activities that they do as a part of
their daily living (e.g. cleaning, gardening and mowing the lawn) and take notes about things that they
want to discuss in an upcoming appointment with their physiotherapist. During the week,
physiotherapists can follow up on the physical activities that their patients do, with the SharedHeart
dashboard. In addition, they can prepare for the encounter by consulting the notes that patients took and
following up on the patient’s long-term progress.

At the next SDM encounter, the patient and physiotherapist meet again and discuss the activities of the
past period aided by the SharedHeart dashboard. They discuss the patient’s adherence to the exercise
program and alter the program to encourage the patient to comply with it. During the upcoming week(s),
the patient tries to follow the adapted program and at the next SDM encounter, the process repeats. As
already mentioned, the frequency of the SDM encounters with discussion of the exercise program
gradually decreases, since week by week the exercise program will become more feasible and �t to the
patient’s pro�le. When the patient �nishes the supervised rehabilitation in the rehabilitation center, the
SDM encounters and support from the mobile application end.

Outcome measures

At baseline (day one of the cardiac rehabilitation program), socio-demographical information, a blood
sample, clinical information and current medication therapy will be collected of all patients. Furthermore,
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a fasting blood sample is done after 6 weeks (+/- 1 week) of CR and is part of standard care in the CR
program in Jessa Hospital Hasselt. The fasting blood sample is used to determine lipid pro�le, which
includes low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides and total cholesterol.
Blood glucose and HbA1c are also tested to identify possible diabetes risk factors. In addition, at the
beginning of the study, all patients will be asked to �ll in a background questionnaire, including their
socio-demographic background and their familiarity with technology. The data of this questionnaire will
be used to correlate the patient’s background with the other data e.g. their preference for involvement in
the  shared decision making process and their perceptions of the approach and supporting applications.

The primary endpoint of the RCT is the difference in quality of life measured with the HeartQoL
questionnaire (21) at the start of the CR program and the end of the CR program (this is typically three
months after randomization). We hypothesize that patients in the intervention group have a bigger
improvement in quality of life compared with patients in the control group due to the intervention on
shared decision making.

In addition, the following secondary endpoints will be investigated:

Improvement of exercise capacity (change in VO2peak) at the end of the CR program, determined
using the maximal cardiopulmonary exercise test (CPET);

Difference in the �rst and second ventilatory threshold measured at the start and at the end of CR;

Amount of METs (metabolic equivalent of task) used by physical activity in the last week of the CR
program and the difference in the amount of METs used by physical activity in the �rst week of the
CR program, measured by the reported activities in the SharedHeart mobile application (intervention
group) or a patient-reported paper diary of physical activity (control group);

Amount of physical activity, assessed with the International Physical Activity Questionnaire (IPAQ,
long version) (22) at the start, mid and end of the CR program;

Amount of steps, determined with an external hip-worn accelerometer during the �rst and the last
week of the CR program;

Motivation to exercise and user experience, both gathered with custom-made questionnaires and a
semi-structured interview;

Qualitative data describing the patients’ perceptions and feelings related to their rehabilitation (e.g.
engagement in the  shared decision making), gathered with the Control Preference Scale (23), a
custom-made questionnaire at the start, mid and end of the CR program to assess their current
perception of rehabilitation (e.g. knowledge of disease, involvement in the rehabilitation process, and
con�dence in self-management), and a semi-structured interview;

Patient engagement, determined based on application logs and physiotherapists’ recordings;

Qualitative data related to the discussion during the SDM, determined by automatically recording
how long each screen is used during the SDM encounter and prompting the physiotherapists at the
end of the encounter to �ll in the discussion points of the encounter;
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The feasibility assessed by the difference in time spent on a SDM consultation and time spent on a
regular patient consultation, determined by automatic measurement of the duration of a SDM
encounter and asking the physiotherapist if there was a disruption;

The change in generic health status for the period from the start of the CR program to the end of the
CR program, assessed with the EQ-5D (24).

At the start of the study, patients will be asked if we may contact them in a period of 1 to 5 years for a
long-term follow-up. At the long-term follow-up, we assess the impact of the SDM approach and
supporting applications on the patients’ long-term adherence to physical activity and perceptions related
to rehabilitation of a 12-week use of the application. There is no organised use of the app after 12 weeks.
The following secondary endpoints will be assessed:

Change of exercise capacity (change in VO2peak) at the long-term follow-up (change from the end of
the CR program);

Difference in the �rst and second ventilatory threshold measured at the end of the CR program and
at the long-term follow-up;

Amount of METs used by physical activity in the week of the follow-up, and the difference in the
amount of METs used by physical activity in the last week of the CR program, assessed with the
IPAQ;

Amount of steps, determined with an external FitBit 

Qualitative data on the patient’s perception of their rehabilitation, assessed with a custom-made
questionnaire;

The change in generic health status for 1) the period from the start of the CR program to the end of
the CR program and 2) for the period from the end of the CR program to the long-term follow-up,
assessed with the EQ-5D.

For the proposed approach to be implemented in usual care in hospitals, we need to demonstrate that it is
feasible for caregivers to invest the time and that the approach is cost-effective. All patients will be asked
to �ll in the EQ-5D at the beginning of the study, at the end of the study and at the long-term follow-up (if
they agreed with a long-term follow-up). The cost-effectiveness will be compared for two different periods
of time: 1) from the start of the CR program to the end of the CR program, and 2) and from the start of the
CR program to the long-term follow-up. 

This study aims to investigate not only the effects of the approach on the patients’ feelings and health,
but also on the caregivers’ way of working. Therefore, the qualitative data on the caregivers’ user
experience and the impact of the applications on their involvement of patients in the shared decision
making process measured with custom-made questionnaires and a semi-structured interview are
secondary outcomes as well. 

Statistical analysis
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Data analysis will be performed using SPSS according to the intention-to-treat principle by assigned
treatment group. Nonparametric alternatives will be used for parametric statistics when needed. The
Shapiro-Wilk test will be used to assess normality. Paired t tests (parametric) or Wilcoxon signed rank
tests (nonparametric) will be used for within-group analysis; independent t tests (parametric) or Mann-
Whitney U tests (nonparametric) for between-group analysis. Chi-square tests will be used in case of
categorical variables; Fisher’s exact tests will be used when expected frequencies are small. The
signi�cance level for tests is 2-sided α=0.05. 

The cost-effectiveness evaluation will be conducted from a society and patient perspective, taking into
account both intervention and health care resource costs. As the majority of patients will be retired,
productivity losses due to illness-related absence from the workplace will not be taken into account.
Health care costs will be the combination of cardiovascular readmission costs, the costs due to
cardiologist follow-up visits and performed diagnostic tests. The cardiovascular rehospitalizations’
related costs will be derived from invoices retrieved from the recruiting hospital’s �nancial departments.
INAMI/RIZIV’s nomenclature-based tariffs will de�ne specialist visits and diagnostics denominations.
Quality adjusted life years (QALYs) will be used as a generic measure of effectiveness. Estimates of
QALYs will be derived from the EQ-5D questionnaire. The EQ-5D scores will be converted to utility scores.
The incremental cost-effectiveness ratio (ICER) will be calculated (ICER (Cost intervention group – Cost
control group)/(Effectiveness intervention group – Effectiveness control group)) to compare costs and
outcomes (effectiveness) across both treatment groups. 

Results
The protocol and amendments have been submitted to, and approved by the medical ethical committees
of Hasselt University and Jessa Hospital in 2019–2021. All methods were performed in accordance with
the relevant guidelines and regulations by including a statement in the Ethics approval and consent to
participate section to this effect. The mobile application, the tablet application and the caregiver
dashboard were iteratively designed and developed in 2019–2020. Due to government regulations for
COVID-19, the start of the study and patient recruitment have been deferred from 2020 to 2022.
Recruitment for the RCT will start shortly after the usability tests have been �nalized and the applications
are updated based on the �ndings of these tests. The �nal results of the study, apart from the long term
follow-up, are expected at the end of 2023.

Discussion
The SharedHeart study will be one of the �rst studies to investigate the effects of a digitally-supported
shared decision making approach during CR. The study design was determined by a multidisciplinary
team of researchers, ensuring that perspectives and research questions from different disciplines (e.g.
human-computer interaction, physiotherapy and cardiology) are accurately represented. Nevertheless, the
study also has some limitations. Since this study has a lot of research questions combined in one
protocol, each with their speci�c data collection, overall chances of missing data are higher. Furthermore,
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it is possible that patients assigned to the control group will have a higher dropout rate due to not
receiving immediate access to the intervention. To prevent this, the control group will get a personalized
exercise prescription with the EXPERT tool.

Since the SharedHeart mobile application is developed for Android, only patients that have an Android
smartphone are allowed to participate. Physiotherapists are allowed to participate in the usability study
of the caregiver dashboard and the RCT, which could in�uence the results related to the usability and user
experience in the RCT. However, it is not feasible to have different physiotherapists participating in these
two phases, because there are only a limited number of physiotherapists in the hospital, guiding patients
during CR.

In the current study, the digital intervention ends completely at the end of the supervised rehabilitation
program, as it coincides with the time that is considered for the SDM approach. In future studies and
clinical use, extended use of the digital intervention can be considered, in particular the mobile app might
support the patients at home in a self-management context.

If results are positive, this can be seen as an advocacy to implement a SDM approach supported by
digital tools in clinical practice. However, this study focuses only on SDM for physical activity, which is
only one component of a comprehensive cardiac rehabilitation program. Future studies should
investigate the effects of a digitally-supported SDM approach for all components of the CR program.
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RCT: randomized controlled trial
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Figure 1

timeline for the intervention and control group.


