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Aims Cardiac rehabilitation (CR) shows lower effectiveness and higher dropouts among people with a low socioeconomic 
position (SEP) compared to those with a high SEP. This study evaluated an eHealth intervention aimed at supporting patients 
with a low SEP during their waiting period preceding CR.

Methods 
and results

Participants with a low SEP in their waiting period before CR were randomized into an intervention group, receiving guid-
ance videos, patient narratives, and practical tips, or into a control group. We evaluated adherence (usage metrics), accept-
ance (modified Usefulness, Satisfaction, and Ease of use questionnaire), and changes in feelings of certainty and guidance 
between the waiting period’s start and end. Semi-structured interviews provided complementary insights. The study in-
volved 41 participants [median interquartile range (IQR) age 62 (14) years; 33 males], with 21 participants allocated to 
the intervention group, using the eHealth intervention for a median (IQR) duration of 16 (10) days, using it on a median 
(IQR) of 100% (25) of these days, and viewing 88% of the available messages. Key adherence themes were daily routine 
compatibility and curiosity. Acceptance rates were 86% for usability, 67% for satisfaction, and 43% for usefulness. No sig-
nificant effects on certainty and guidance were observed, but qualitative data suggested that the intervention helped to in-
form and set expectations.

Conclusion The study found the eHealth intervention feasible for cardiac patients with a low SEP, with good adherence, usability, and 
satisfaction. However, it showed no effect on feelings of certainty and guidance. Through further optimization of its content, 
the intervention holds promise to improve emotional resilience during the waiting period.

Registration This trial is registered as follows: ‘Evaluation of a Preparatory eHealth Intervention to Support Cardiac Patients During Their 
Waiting Period (PReCARE)’ at ClinicalTrials.gov (NCT05698121, https://clinicaltrials.gov/study/NCT05698121).

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Lay summary This study evaluated the feasibility of an eHealth intervention designed for cardiac patients with a low socioeconomic pos-
ition (SEP) during the waiting period before cardiac rehabilitation (CR). The intervention prepares patients with a low SEP 
for their upcoming CR and consists of a smartphone application providing guidance videos, patient narratives, and practical 
tips.

* Corresponding author. Tel: +31640850881, Email: j.s.faber@tudelft.nl
© The Author(s) 2024. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, 
distribution, and reproduction in any medium, provided the original work is properly cited.
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Introduction
Cardiac rehabilitation (CR) is a multicomponent lifestyle intervention 
that includes information and coaching on healthy behaviour and super-
vised exercise training.1,2 Cardiac rehabilitation is crucial for cardiac pa-
tients to prevent secondary health problems and decrease mortality 
rates. It has been shown to improve patient outcomes like physical fit-
ness and health-related quality of life.3 However, the effectiveness of 
CR is not uniformly experienced. Specifically, individuals with a low 
socioeconomic position (SEP) often show lower participation rates in 
these programmes and drop out more frequently.4–6 This disparity 
can be attributed to various barriers to participation,7 such as stressful 
life situations,8 environmental accessibility issues,9 inadequate social 
support,10 stigma and distrust in healthcare,11 and low health literacy.12

Due to these disparities, CR is not fully benefitting patients with a low 
SEP, underscoring the need for solutions to make CR more inclusive 
and accessible.

Our previous research highlights an opportunity to address the bar-
riers faced by cardiac patients, especially those with a low SEP, during 
the waiting period between hospital discharge and the start of CR.13

This waiting period lasts, on average, 6 weeks.14 It is marked by emo-
tional vulnerability and uncertainty, as patients often leave the hospital 
with unmet informational needs about their condition and self-care.15–18

The absence of adequate guidance during the waiting period, exacer-
bated by the initial shock of diagnosis or surgery, leads to a passive 
patient attitude19–21 and a disjointed transition between healthcare 

settings.22 Patients with a low SEP feel this lack of guidance more 
strongly. Their additional challenges increase their vulnerability and un-
certainty during the waiting period.23 As a result, this group is less likely 
to adopt the necessary ‘readiness’ to successfully engage with CR. This 
leads to lower participation and higher dropout rates during CR.24,25

eHealth interventions are a promising strategy to overcome barriers 
that arise during the waiting period. They can better prepare cardiac pa-
tients with a low SEP for CR. For example, these interventions can fill 
the existing information and guidance gap by leveraging online informa-
tion platforms15 and goal-monitoring tools.26 Due to rising healthcare 
costs, addressing these needs through face-to-face sessions during the 
waiting period may not be feasible.27–29 In theory, eHealth interventions 
offer a cost-effective alternative to face-to-face sessions.28–32 However, 
in practice, people with a low SEP often do not adhere to these interven-
tions due to low technology access, low digital literacy, and other life pri-
orities.33,34 The success of these interventions depends on tailoring them 
to the specific needs, abilities, and preferences of this group.35

We recently developed the Inclusive eHealth Guide (IeG) to support 
the design of tailored eHealth interventions according to the specific 
needs of individuals with a low SEP.36 The guide combines existing 
knowledge on barriers and facilitators in eHealth development for indi-
viduals with a low SEP.37 It considers, among others, the target group’s 
context, needs, preferences, and skills.38 We applied the IeG in a par-
ticipatory design process of an eHealth intervention specifically for 
and with cardiac patients with a low SEP. The intervention addresses 
their needs during the waiting period before CR.13
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This study aimed to evaluate the feasibility of this eHealth interven-
tion tailored towards CR patients with a low SEP in the domains of ad-
herence and acceptance. Additionally, it explored the effects of the 
eHealth intervention on feelings of certainty and guidance, factors asso-
ciated with changes in these constructs, and dropout rates during sub-
sequent CR.

Methods
Study design
The feasibility study was executed between February 2023 and September 
2023 at Capri Cardiac Rehabilitation, a CR centre with sites in Rotterdam 
and The Hague (The Netherlands). The participants were randomized to an 
intervention group and control group, and outcomes were assessed at the 
start and end of the waiting period before CR started.

Recruitment
Eligible participants were adults aged 18 or above living in a low SEP neigh-
bourhood, referred to CR by their cardiologist, able to understand Dutch 
(with assistance), and had a mobile device with internet access. Postal codes 
of potential participants were sent to the principal investigator (J.S.F.) to as-
sess neighbourhood SEP, based on the neighbourhood residents’ average 
income and education levels. We used a list of 40 neighbourhoods identified 
by the Dutch government for their socioeconomic challenges as a bench-
mark.39 A representative from the CR centre first contacted potential par-
ticipants for consent. Interested patients were then contacted by the 
investigator (J.S.F.), who explained the study. If they agreed to participate, 
they received an information letter and had an appointment scheduled 
for the initial assessment.

Measures
Adherence
Adherence to the intervention was measured using the metrics (i) use period 
length: the number of days between the first and last day the intervention 
was used; (ii) percentage of active days: percentage of days the intervention 
was used; (iii) daily use time: average time spent on the intervention per ac-
tive day within the use period; and (iv) the total number of viewed messages.

Acceptance
Acceptance was measured using a modified Usefulness, Satisfaction, and 
Ease of use (USE) questionnaire. The original USE questionnaire consists 
of 30 items on a 7-point Likert scale focusing on usefulness, satisfaction, 
ease of use, and ease of learning.40 In alignment with the specific needs 
and challenges faced by our target population of individuals with a low 
SEP, we recognized that lengthy questionnaires often lead to disengagement 
among this group.41 Therefore, we adapted the original questionnaire to a 
more manageable version with only nine of the original items (three per cat-
egory) on a 5-point Likert scale, focusing on usefulness, satisfaction, and 
ease of use (see Supplementary material online, Appendix S1). The questions 
retained were chosen for their relevance to the unique context and goals of 
the current intervention.

Certainty and guidance and influencing factors
We developed the Certainty and Guidance Questionnaire (CGQ), consist-
ing of seven items measured using a 5-point Likert scale, for use in this study 
(see Supplementary material online, Appendix S1). High scores indicate good 
certainty and guidance. The questionnaire focuses on patient needs identi-
fied in a previous study.13 These needs include feeling certain during the 
waiting period, confidence to be physically active, managing expectations 
about the contents of CR, good management of emotions, the feeling of 
hope for future recovery, understanding the current health status, and feel-
ing guided before the start of CR. The questions are derived from existing 
scales, including the Motivation for Traumatic Brain Injury Rehabilitation 
Questionnaire for motivation,42 the Patient Evaluation of Emotional 
Comfort Experienced for experienced emotional comfort,43 and the 
Credibility and Expectancy Questionnaire for expectancy and credibility44

to strengthen the validity of our measurements. Finally, to better understand 

the factors influencing changes in feelings of certainty and guidance, we ex-
plored associations between age, education level, length of waiting period, 
baseline level of CGQ, and the change in CGQ scores in both the interven-
tion and control groups.

Qualitative insights
In line with our mixed methods approach, we complemented the quantita-
tive data for adherence, acceptance, and feelings of certainty and guidance 
with qualitative insights collected with semi-structured interviews. We 
asked questions relating to reasons for adherence (e.g. Why did or did 
you not succeed in using the intervention daily?), acceptance (e.g. What 
was your experience with using the intervention?), and effects on feelings 
of certainty and guidance (e.g. How has the intervention been able to 
help you the most during the waiting period?) (see Supplementary 
material online, Appendix S2, for the full interview guide).

Procedures
We performed assessments in both study groups during two contact 
moments: initially upon enrolment in CR (T1) and again just before the 
CR programme began, usually 2–8 weeks after T1 (T2) (see Figure 1). At 
T1, participants were briefed on the study, signed consent forms, and com-
pleted demographic and CGQ questionnaires. The intervention group 
received additional information about the smartphone app and help install-
ing it. At T2, both groups completed a second CGQ questionnaire, with the 
intervention group also submitting usage data, filling out an acceptance 
questionnaire, and participating in a phone interview. Participants received 
a 20-euro gift voucher for their participation.

Intervention
The CapriXpress application is a tailored digital intervention developed to 
support patients with a low SEP during their waiting period between dis-
charge from the hospital and the start of their CR. This intervention was 
co-designed in a participatory design study with the target group.13 The 
CapriXpress application addresses the need for certainty and guidance 
for people with a low SEP during their waiting period. To enhance patient 
adherence and acceptance of the intervention, we ensured that the inter-
vention is grounded in established theoretical frameworks, namely the 
taxonomy of behaviour change techniques (BCTs)45 and the persuasive sys-
tems design (PSD) model46 (see Table 1). Combining the two frameworks is 
valuable as it combines the rigour of scientifically validated methods for be-
haviour change with engaging, user-focused aspects of persuasive technol-
ogy design.47 Additionally, the intervention integrates recommendations 
derived from our previously developed IeG,36 which served as a foundation-
al resource (see Table 1).

The content of the CapriXpress application is divided into concise, man-
ageable units, with a limited number of messages presented per day 
(Figure 2, 1.1). The interface is designed to be playful, aesthetically pleasing, 
and simple to understand (Figure 2, 1.2 and 1.3). A ‘travel bag’ feature stores 
completed messages, giving patients a sense of achievement. When the bag 
is filled to a certain level, it receives an aesthetic upgrade as a reward 
(Figure 2, 1.4 and 1.5). The information is primarily conveyed through multi-
media formats and is articulated in easily understandable language, adopting 
a positive tone (Figure 2, 1.6). A push notification is sent if the participant has 
not engaged with the intervention for two consecutive days. The ‘help’ sec-
tion provides contact information for research or application-related ques-
tions (Figure 2, 1.9).

Several intervention features have been implemented to address the 
target group’s needs during the waiting period. The application uses a 
calendar-based train journey metaphor to symbolize the patient’s progres-
sion towards the start of CR (Figure 2, 2.1). This progression occurs auto-
matically over time, aiming to provide a sense of certainty during the waiting 
period. The app delivers a total of 43 multimedia messages, defaulting to 
three per day, with the frequency adjusting based on the patient’s specified 
CR start date. Patients can choose from three message types: introductory 
videos from healthcare providers like a physiotherapist, dietitian, and psych-
ologist to inform and connect with the CR team (Figure 2, 2.3); audio nar-
ratives from former patients to offer emotional support and hope (Figure 2, 
2.4); and actionable advice promoting healthy activities and improving un-
derstanding of their condition and the rehabilitation process (Figure 2, 2.5).
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Data analysis
We analysed our quantitative data in RStudio (Version 2023.06.0, Posit 
Software, PBC). We utilized medians, interquartile ranges (IQRs), and non- 
parametric statistical tests to ensure robustness and minimize assumptions 
about data distribution, given our limited sample size. The level of signifi-
cance was set at P ≤ 0.05.

We transformed the raw intervention usage data into specific metrics to 
evaluate adherence. We calculated the use period length from the first day 
of use (T1) to the last completed message. The percentage of active days 
was determined by dividing the number of days the intervention was 
used by the total use period length. Daily use time was derived by summing 
the duration of all visits and dividing it by the number of active days. We also 
totalled the number of viewed messages. Adherence was considered satis-
factory if participants used the intervention on at least half the days and 
viewed more than half the available messages.

To analyse the acceptance from the adapted USE questionnaire, we clas-
sified the Likert scores as negative (1 or 2), neutral (3), or positive (4 or 5) 
and calculated the percentages of participants in each category. We then 
calculated individual scores for usability, usefulness, and satisfaction and 
determined the median, IQR, minimum, and maximum scores for these 
metrics across intervention group participants. Overall acceptance was 
similarly assessed using these statistics. For this prototype, a score was 
deemed good if over 60% of the participants rated it positively.

To assess the intervention’s effect on certainty and guidance during the 
waiting period, we calculated the median Likert scores for the CGQ items 
for each participant and determined group medians for both the interven-
tion and control groups. Wilcoxon rank-sum and Mann–Whitney U tests 
were used to assess within- and between-group differences, respectively. 
Rank correlation tests examined the relationship between changes in 

CGQ scores and factors such as age, education level, initial CGQ scores, 
and waiting period length. Fisher’s exact test was used to analyse differences 
in dropout rates.

For the qualitative data, we performed a thematic analysis49 using ATLAS.ti 
(Version 9.1.3, ATLAS.ti Scientific Software Development GmbH). Interviews 
were transcribed verbatim, followed by coding individual quotations and cor-
responding interpretations. These codes were then grouped into overarching 
themes related to the outcome measures, such as adherence, acceptance, and 
impact on feelings of certainty and guidance.

Ethics and data management
This study adhered to the Declaration of Helsinki principles and was approved 
by the Medical Ethics Committee of Erasmus MC (MEC-2022-0483) and 
registered in clinicaltrials.gov (NCT05698121). Written informed consent 
was obtained from all study participants.

Results
Participants
Out of the 835 patients referred to the CR centre during the recruit-
ment period (January 2023 to June 2023), 149 patients (18%) were eli-
gible, of which 42 patients (28%) consented to participate. Frequently 
reported reasons for non-participation were personal circumstances, 
logistical issues, lack of interest, technological barriers, and language 
and cognitive barriers. Twenty-one participants were assigned to the 
intervention group and 21 to the control group (see Figure 3). One 

Figure 1 A visual overview of patient enrolment and study procedures. CR, cardiac rehabilitation; CGQ, Certainty and Guidance Questionnaire.
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participant in the control group dropped out during the study due to 
the burden of participation. Eighteen participants from the intervention 
group participated in a semi-structured interview, and 19 participants 
from the intervention group sent their usage data for the adherence 
analysis. The majority of the sample was male (80%), with a median 

(IQR) age of 62 (14) years. Ischaemic heart disease was the most com-
mon condition (63%). The median (IQR) waiting time from hospital dis-
charge to the start of CR was 55 (43) days and 29 (13) days from 
enrolment at the CR facility to the beginning of the programme (see 
Table 2 for more details).
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Table 1 Intervention features that address adherence and acceptance, linked to principles from the Inclusive eHealth 
Guide, behaviour change technique, and persuasive systems design framework, and features that address patient needs 
as identified in our prior study

Features addressing adherence and acceptance

Number Feature IeG recommendation BCT PSD principle

1.1 Limited number of daily messages Realistic, achievable goals, align with life situation Graded tasks Reduction

1.2 Playful interface Positive approach Liking
1.3 Simple interface Simplicity Reduction

1.4 Done-pile tracker Short-term goals, apply gamification Self-monitoring/feedback Self-monitoring

1.5 Bag upgrade Reward for adherence, apply gamification Non-specific reward Rewards
1.6 Use of multimedia and simple language Simplify communication Tailoring

1.7 Tone of voice Positive approach

1.8 Notification Send reminders Reminders
1.9 Support page Offer technical support

Features addressing patient needs

Number Feature Needs

2.1 Calendar-based progression Certainty during waiting period, pre-CR guidance
2.2 Information provided by healthcare provider Certainty during waiting period, pre-CR guidance

2.3 Video introductions Certainty during waiting period, CR expectancy

2.4 Spoken peer stories Certainty during waiting period, managing emotions, future recovery
2.5 Textual advice Physical activity confidence, health status understanding

Inclusive eHealth Guide (IeG)36, behaviour change technique (BCT) taxonomy48, and persuasive system design (PSD) model,46 and features that address patient needs as identified in our 
prior study.

Figure 2 Key interface screens from the CapriXpress intervention. From left to right: journey-based progression home page, done-pile tracker and 
travel bag, and multimedia messages from healthcare professionals.
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Adherence to the intervention
The median (IQR) use period length was 16 (10) days. During this period, 
the median (IQR) percentage of the days the participants accessed the 
application was 100% (25), with a median (IQR) daily use time of 4 (2) 
min. Sixty-seven per cent of the participants opened the application 
every day. Regarding content interaction, the median (IQR) total num-
ber of messages viewed was 38 (24) out of 43. Half of the participants 
viewed all the messages available. Figure 4 presents the relationship be-
tween the number of days since first usage and the cumulative messages 
completed by participants. The trend line shows continuous comple-
tion of messages over time with a slight decrease in the number of 
messages completed each day after ∼2 weeks. Two qualitative themes 
related to these adherence patterns emerged (see Supplementary 
material online, Appendix S3, for a complete overview of the qualitative 
themes). First, almost three-quarters of the participants stated that the 
intervention aligned well with their daily routines. As one participant 
expressed: 

We used to sit in the morning for coffee. Yeah, we would sit down 
for a while, and I received them [the messages], and then I had my 
phone in my hand. Well, I went through it; I even turned it on so 
that the lady could listen along and that way. Yeah, it’s also at a 
fixed time. You have to be careful not to leave it for a whole 

week and then review it after a week. Because that will not 
work, I think. If you throw everything together, it is just a matter 
of sifting through it and fulfilling a duty. [Male, 73]

Second, we found that more than half of the interviewed participants 
cited curiosity as their driving factor for usage. As one participant 
stated: 

I was curious about it every day. I also opened it every day. I went 
through the entire program. I was, well, actually, looking forward 
to seeing what news they had to say today. Yeah, it was actually 
more curiosity. [Male, 69]

Acceptance of the intervention
Seventy-one per cent of the participants displayed overall positive ac-
ceptance. We found that 86% of the participants were positive about 
the intervention’s usability, and 67% were satisfied. Forty-three per 
cent felt that the intervention was useful for them (see Table 3 for a 
complete overview of the acceptance scores). Within the qualitative 
data, we found that participants mainly appreciated the ease of use 
and the playful interface. As one participant expressed: 

Well, you know, I found it enjoyable. It’s more enjoyable than just a 
boring list or something, you know. Yeah, it’s funny that they 

Figure 3 Flowchart participant inclusion. Asterisk denotes 19 participants were included for the intervention adherence analysis.
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thought of it like, oh yeah, let’s pretend it’s a journey. With your 
stories in a suitcase, very amusing. You’re on a journey to your re-
habilitation. [Female, 60]

We also found qualitative themes that related to the usefulness. 
More than half of the participants suggested the need for more person-
ally relevant information better aligned with their health concerns and 
the severity of their conditions. As one participant expressed: 

All those social workers and such…For me, I think it’s not interest-
ing. I only do it to become physically well. That’s my goal. I don’t 
think I have any other issues. I think the app is limited in that aspect. 
[Male, 76]

Additionally, approximately half the participants suggested a need for 
additional depth and detail in the provided information. As one partici-
pant expressed: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Participant characteristics

Characteristic Intervention group (n = 21) Control group (n = 20) Sample (n = 41)

Demographics

Male, n (%) 17 (81) 16 (80) 33 (80)

Age (years), median (IQR) 63 (13) 59 (13) 62 (14)
Low education, n (%) 15 (71) 18 (90) 33 (80)

Employed, n (%) 4 (19) 6 (30) 10 (25)

Unemployed, n (%) 1 (5) 2 (10) 3 (7)
Retired, n (%) 11 (52) 7 (35) 18 (44)

Unfit for work, n (%) 5 (24) 5 (25) 10 (24)

Medical history, n (%)
Ischaemic heart disease 15 (70) 11 (55) 26 (63)

Cardiac arrhythmia 2 (10) 1 (5) 3 (7)

Other, cardiac disease 4 (20) 7 (35) 11 (27)
Other, non-cardiac disease 0 (0) 1 (5) 1 (3)

Waiting time, days, median (IQR)

Hospital discharge—start CR 66 (31) 43 (32) 55 (43)
Enrolment CR—start CR 28 (13) 29 (11) 29 (13)

Figure 4 Cumulative messages completed vs. days since the first usage (median ± interquartile range).
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The dietitian gave a very brief explanation of what she does. […] 
But she didn’t really delve into the topic. For example, what can 
you tell about your sugar or salt levels being too high? What are 
the consequences of that? Could you get paralysis? Could you 
have a heart attack? So, the information was lacking, in my opinion. 
[Male, 63]

Effects on certainty and guidance
We found no significant changes in CGQ scores between T1 and T2 

in both the intervention [Δ = −0.14 (IQR 0.57), P = 0.94] and 
control group [Δ = −0.07 (IQR 0.32), P = 0.51]. In addition, we did 
not find a significant difference in the changes in CGQ scores be-
tween the two groups (P = 0.51). The qualitative data highlighted 
areas that did address improvements in feelings of certainty and guid-
ance during the waiting period. Participants suggested that the inter-
vention improved their expectancy about the CR, as one participant 
mentioned: 

You know, when all those people introduced themselves and told 
stories about different participants. Yeah, that was nice because 
you know beforehand what to expect when you start the rehabili-
tation. So, that was quite pleasant. [Male, 73]

In addition, it helped them to feel generally better informed about 
their current condition by providing additional knowledge they usually 
would not receive. As one participant expressed: 

I received a lot of information that I wouldn’t normally get. 
If you haven’t had a heart attack, you don’t even think about all 
the information you’ve received. So, for me, it was a kind of 
recognition. And it was very good. So, as I said, it made me wise. 
[Male, 63]

Finally, the participants highlighted the intervention helped to reduce 
uncertainties by providing guidance during the waiting period gap. 
As expressed by one participant: 

Well, in terms of reducing uncertainties, the app did help me 
because if you didn’t have that app, you would fall into a void 
between being discharged from the hospital and starting rehabili-
tation. So, in that sense, the app was able to provide assistance 
in filling that void at some point. [Male, 74]

Factors associated with the effect on 
certainty and guidance
The length of the waiting period had a significant negative correlation 
with the change in CGQ score in the control group (ρ = −0.51, 
P = 0.02) but not in the intervention group (ρ = −0.04, P = 0.86). In 
addition, higher CGQ scores at T1 were negatively correlated with 
changes in CGQ scores in both the intervention group (ρ = −0.56, 
P = 0.01) and the control group (ρ = −0.49, P = 0.03). Age and educa-
tion were not significantly correlated with changes in CGQ scores in 
both intervention (P = 0.16 and P = 0.26, respectively) and control 
(P = 0.94 and P = 0.66, respectively) groups.

Effects on dropout during CR
Two (10%) of the participants dropped out of the subsequent CR pro-
gramme in the control group compared to none in the intervention 
group. This difference was, however, not significant (P = 0.23).

Discussion
Principal findings
In this study, we evaluated the feasibility and explored the effects on 
feelings of certainty and guidance and on dropouts of a newly devel-
oped eHealth intervention for CR patients with a low SEP during their 
waiting period before starting a CR programme. We found good adher-
ence with the participants often using the intervention daily and en-
gaging with 88% of the messages. Most participants (71%) displayed 
positive overall acceptance of the intervention. However, only 43% 
were positive about usefulness. The intervention did not affect feelings 
of certainty and guidance (CGQ) or dropout rate. However, while the 
length of the waiting period was negatively associated with feelings of 
certainty and guidance in the control group, no such association was 
observed in the intervention group. Qualitative feedback suggested 
that the intervention had helped participants to set expectations and 
be better informed about their condition and CR journey.

Usage data indicated consistent adherence over time, although there 
was a slight reduction in daily message interactions after the first 
2 weeks. This decrease aligns with the intervention’s dynamic content 
distribution system, which recalibrates the frequency of messages 
once participants enter their CR start dates. When the starting date 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Overview of acceptance scores displayed as median interquartile ranges and percentages of participants in the 
categories positive, neutral, and negative on usability, satisfaction, and usefulness

Question Median (IQR), minimum–maximum Positive (4–5) n (%) Neutral (3) n (%) Negative (1–2) n (%)

Overall 3.8 (0.8), 2.7–5.0 15 (71) 6 (29) 0 (0)
Usability 4.0 (1.0), 2.7–5.0 18 (86) 3 (14) 0 (0)

Is easy to use 4 (1), 3–5 18 (86) 3 (14) 0 (0)

Required no effort 4 (1), 2–5 19 (90) 1 (5) 1 (5)
Allowed to perform well 4 (2), 2–5 15 (71) 5 (24) 1 (5)

Satisfaction 4.0 (0.7), 2.3–5.0 14 (67) 6 (28) 1 (5)

Is fun to use 4 (1), 3–5 14 (67) 7 (33) 0 (0)
Would recommend to others 4 (1), 2–5 18 (85) 2 (10) 1 (5)

Aligns with needs 4 (1), 1–5 14 (67) 3 (14) 4 (19)

Usefulness 3.3 (1.0), 2.3–5.0 9 (43) 10 (47) 2 (10)
Is useful 4 (1), 3–5 13 (62) 8 (38) 0 (0)

Aligns with needs 3 (1), 2–5 7 (33) 11 (52) 3 (15)

Aligns with expectations 4 (1), 2–5 11 (52) 6 (29) 4 (19)
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is further in the future, the system automatically reduces the number of 
messages provided daily to extend the usage period. Despite this, con-
tinued message views suggest sustained adherence, which contrasts 
with the relatively low eHealth adherence often observed in people 
with a low SEP.33,34 Many participants cited the intervention’s integra-
tion into daily routines as crucial. Past studies indicate that individuals 
with a low SEP often face stressful daily challenges, limiting their time 
and cognitive capacity for engaging with eHealth interventions.50

Additionally, curiosity was reported as a key factor in the patient’s 
adherence to the intervention, aligning with the gamification theory 
that presents curiosity as a strategy to enhance engagement with a 
system.51 This facet of the intervention might have been an important 
contributor to the observed adherence. Regarding acceptance, the in-
tervention’s well-received usability contrasts with findings in existing lit-
erature. Typically, individuals with a low SEP encounter more challenges 
with the usability of eHealth interventions.52–55 The intervention’s con-
sistent adherence and positive overall acceptance could be attributed to 
its participatory design, which followed the IeG’s recommendations for 
equitable eHealth development. Failing to achieve adherence and accept-
ance could negatively influence overall effectiveness, irrespective of any in-
herent benefits of the intervention.56 Given our promising outcomes on 
adherence and acceptance, we recommend future researchers to apply 
the IeG and engage in tailored participatory approaches to develop 
eHealth interventions for individuals with a low SEP in different settings.

While we did not find a significant intervention effect in this feasibility 
study on feelings of certainty and guidance or dropout in subsequent 
CR, we did find some trends pointing towards potential intervention 
effects. First, the qualitative findings suggest that the participants felt 
that the intervention contributed to their feelings of certainty and guid-
ance. The interview results suggested improved expectations for future 
CR, better information, and guidance during the waiting period. These 
insights hint at the intervention enhancing participant readiness and 
motivation for CR. Second, the finding that the length of the waiting 
period was negatively associated with the change in feelings of certainty 
and guidance in the control group but not in the intervention group sug-
gests that the intervention could serve as an emotional buffer for patients 
facing longer waiting periods. Qualitative feedback further supports this, 
with participants reporting that the intervention helped to set expecta-
tions and provide information regarding their rehabilitation journey. 
Although it did not directly improve certainty and guidance, the interven-
tion might have fostered a sense of readiness for rehabilitation by giving 
information and early engagement with the programme. In future ver-
sions of the intervention, its content should be focused more directly 
on improving the patient’s feeling of certainty and guidance. Lastly, al-
though the difference in dropout rates between the intervention and 
control group was not significant, the 10% dropout rate in the control 
group is consistent with the general dropout rate in CR.57 The absence 
of dropouts in the intervention group could suggest that the intervention 
may have boosted participant’s commitment to CR. This should, how-
ever, be confirmed in a sufficiently powered trial.

Our study found participants preferred more personally relevant 
content and additional depth and detail in information. This suggests 
that the intervention’s one-size-fits-all approach may not meet varying 
needs for content depth and relevance. This desire for personalized 
content also aligns with previous research findings.58,59 Personalized in-
formation, as opposed to generic information, has demonstrated a 
greater positive impact on well-being,60 health plan decision-making,61

and lifestyle behaviour.62 Within CR, several studies have shown to be 
effective that employed dynamic personalization techniques, such as 
using initial screenings63 or artificial intelligence algorithms to adapt 
the content and delivery in real-time based on user’s interactions and 
responses.60,64 Future research could explore developing personas or 
patient profiles reflecting diverse content needs based on health con-
cerns, condition severity, and motivation.65 These profiles would guide 

the creation of tailored pathways for pre-CR content, accommodating 
different patient types during their waiting period. Pathways may vary 
by exercise difficulty aligned with disease severity and information de-
livery adjusted to individual knowledge and health literacy levels.

Strengths and limitations
This feasibility study lays the groundwork for designing effective inter-
ventions for patients with a low SEP during their waiting period before 
starting CR. Such studies are essential for refining intervention designs 
to improve impact when scaled up.66 A strength of our research is the 
mixed methods approach, which offered insightful explanations for our 
findings and laid a foundation for future research and development. 
Additionally, it is noteworthy that we have maintained a participant re-
tention rate similar to other trials conducted at Capri Cardiac 
Rehabilitation,67,68 despite our emphasis on people with a low SEP, 
who are typically underrepresented in these earlier trials.

While our study provides important exploratory insights, the results 
should be approached with caution and seen as suggestive rather than 
conclusive. It is important to consider the small sample size and single- 
centre data collection when interpreting these findings, as the limited 
sample size particularly affects the robustness of the P-values. While 
our use of a self-designed questionnaire may have affected validity, we mi-
tigated this by basing our questions on established instruments and em-
ploying a mixed methods approach to triangulate the quantitative data 
with qualitative data.69 Additionally, excluding a participant who dropped 
out from the analysis could further limit our study’s integrity. We recom-
mend validating our results in a larger, more robust trial, with validated 
instruments, conducted across multiple rehabilitation centres.

Another potential limitation of our study lies in the composition of 
our participant sample, which, due to neighbourhood-level sampling, 
possibly included individuals with higher SEP. Although our data indicate 
a low percentage of highly educated individuals within our sample, 
this metric alone may not provide a comprehensive picture of SEP. 
Socioeconomic position is a multi-faceted concept influenced by various 
factors beyond formal education levels. Additionally, our recruitment ap-
proach might have favoured those more experienced with digital tools 
and comfortable in their current situation. Additionally, the interpretabil-
ity of our results may have been affected by technical difficulties encoun-
tered during the early phase of the study, resulting in some participants 
not receiving messages for a few days. While this issue was promptly 
resolved, it might have influenced acceptance and adherence scores. 
As we plan for a larger, more robust trial, it is crucial to thoroughly 
test the intervention’s technical functionality before its commencement.

Finally, a notable limitation of our study concerns the interpretability 
of the CGQ scores, particularly due to the timeframe of the interven-
tion and its overlap with interactions (e.g. scheduling appointments and 
intake sessions) in both the intervention and control groups at the CR 
facility. Most of these facility interactions occur in the final weeks, coin-
ciding with the period when we evaluated the intervention’s effect. 
Moreover, the duration of intervention use, approximately 2 weeks, 
was relatively brief when contrasted with the average waiting period 
of 8 weeks in the Capri Cardiac Rehabilitation centre. These limitations 
might explain the discrepancy between the quantitative and qualitative 
findings. For future research, initiating the intervention immediately at 
hospital discharge would be beneficial, thereby exposing patients during 
the entire waiting period. The final measurements could be conducted 
before interactions with healthcare providers at the CR centre to min-
imize their influence on feelings of certainty and guidance.

Conclusions
The developed eHealth intervention was well adhered to and accepted 
by the target group. Yet, usefulness should be improved, and we did not 
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find effects on feelings of certainty and guidance or dropouts. Despite 
this, the findings from this feasibility study yield important insights into 
the design of eHealth interventions tailored to people with a low SEP. 
Through further optimization, for example through personalization and 
an extended timeframe for offering the intervention, the intervention 
holds promise as an effective tool to enhance participation in CR and 
improve adherence among patients with a low SEP, thereby mitigating 
health disparities in CR and improving its effectiveness. While research-
ers should acknowledge the limitations of this feasibility study, including 
its small sample size and focus on a single centre, it represents a first 
step towards equitable eHealth interventions. Healthcare professionals 
and intervention developers can leverage these findings to develop 
and tailor interventions that align with the needs and preferences 
of individuals with a low SEP, thereby improving their adherence and 
acceptance.

Supplementary material
Supplementary material is available at European Heart Journal – Digital 
Health.
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