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Abstract: Progress in medical and surgical care has tremendously improved the survival rates of children with congenital heart disease
(CHD). However, reduced aerobic capacity and health-related issues remain a threaten to quality survival and prevention of related
complications among children and adolescents with CHD. This research program aims to develop and evaluate a WeChat-based health
platform (HeartFIT) to facilitate cardiac rehabilitation and promote physical fitness for this rapidly expanding young population. The study
protocol describes the use of an iterative process of using a mixed-methods strategy to develop, refine, and pilot test the proposed HeartFIT
platform. A sequential problem-solving process comprising four iterative phases with ongoing end-user input will be implemented. In phase 1,
relevant literature was systematically reviewed (completed) and then child-parent dyadswill be interviewed to understand the broad context and
the requirements and considerations of the target population toward the WeChat-based rehabilitation platform. In phase 2, key features and
priority functionalities for the platform will be ideated and refined, and a digital interactive prototype will be created. In phase 3, heuristic
evaluation and three rounds of end-user testing will be conducted to ensure further refinement and usability of the prototype. In phase 4,
a prospective pilot study will be performed to investigate the feasibility, acceptability, and preliminary efficacy of the developed platform over
a 12-week intervention period. If HeartFIT intervention is feasible, acceptable, and demonstrates promising efficacy, an adequately powered
randomized controlled trial (future work) will be deployed to test the real-world effectiveness of the intervention.
Keywords: congenital heart disease, physical activity, exercise therapy, cardiorespiratory fitness, digital health intervention, user-
centered design

Introduction
Congenital heart disease (CHD) is the most common birth defect, with a global prevalence of nearly 1.8 cases per 100
live births.1 China is among the countries with the highest burden of CHD.1 Over the past decades, advances in prenatal
diagnosis as well as medical and surgical care have led to a dramatic reduction in mortality and enabled more pediatric
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patients with CHD to survive into adulthood.2 This changing landscape of CHD makes it imperative to ensure long-term
quality of life in this population.2

Physical activities and structured exercises provide immediate and long-lasting health benefits and serve as cornerstones
for cardiovascular fitness in patients with CHD.3,4 However, we are confronted with a “global epidemic” of childhood
inactivity as less than 1 in 10 youth meet the exercise target of at least 60 minutes of moderate-to-vigorous physical activity
daily.5 Children with CHD might be even less active than their healthy peers due to parental overprotection, diminished
predilection, and misconception on pros and cons of activity engagement.6 The additive health risks resulting from physical
inactivity may predispose these patients to a broad spectrum of subsequent disorders from cardiometabolic morbidities to
psychosocial challenges. Furthermore, cardiorespiratory fitness is impaired in children with CHD and deteriorates faster than
healthy controls.7 Impaired cardiorespiratory function is a known risk not only for cardiovascular morbidity and mortality but
also for all-cause mortality.8,9 Maximal oxygen consumption is considered as the gold standard measure of cardiorespiratory
fitness that is determined by the product of the cardiac output and the arteriovenous oxygen difference.10 Regular physical
activity is highly rewarding in stimulating both the cardiac output and oxygen extraction through complex physiological
mechanisms (eg, invigorating myocardial contractility, ventricular compliance, musculoskeletal adaptations, mitochondrial
functions, etc.).11 Therefore, efforts to optimize physical activity levels and enhance cardiorespiratory fitness in early life are
essential to ensure that beneficial effects on health and quality of life for this large and rapidly expanding population.

Cardiac rehabilitation featuring developmentally appropriate, individually tailored physical activity prescriptions is
recognized as a safe, cost-effective, and promising strategy to encourage health-promotion behaviors in children and
adolescents with CHD, and to help them thrive physically, emotionally, and socially.12,13 Yet, suboptimal patient
adherence and limited service availability coupled with high costs remain the major obstacles to allow the traditional
center-based rehabilitation programs to be widely implemented and achieve the full program potential.14

Technology innovation has improved the accessibility, affordability, and connectivity of health care. As the most popular
social application and a de facto part of daily lives of most Chinese people (1.26 billion active users), WeChat is far more than
a mobile application for instant messaging, Official Accounts offered via WeChat can be used as a platform to push feeds to
subscribers, interact with subscribers and provide them with multi-purpose services.15 WeChat has been recognized as an
effective venue to develop and deliver digital health program in management of chronic disease in China.16 In addition,
children and adolescents who are growing up in the digital era typically are skilled in using digital devices for knowledge
acquisition and information exchange. Thus, the use of WeChat to develop and deliver a digital rehabilitation program for
children and adolescents with CHD to promote cardiac fitness (HeartFIT) with multilevel engagement of the targeted users
and experts represent an innovative approach to implement customized and attractive rehabilitation interventions to eliminate
geographical and logistical barriers.

This study protocol describes the use of an iterative process of using a mixed-methods strategy to develop, refine, and
pilot test the proposed WeChat-based HeartFIT rehabilitation platform. This research program has the potential to
improve physical health and psychosocial wellbeing of children and adolescents with CHD.

Methods and Analysis
Objectives
User Involvement Streams proposed by Shah et al17 comprised of four iterative study phases will be followed to ensure that
end users’ needs and preferences are fully considered and properly translated into technical solutions.18,19 Specific objectives
aligning with each study phase include: Phase 1. background analysis to understand the context and preferences of end users,
Phase 2. conceptualization and prototyping to create an initial prototype platform, Phase 3. usability evaluation to inform
iterative development of the platform, and Phase 4. pilot randomized controlled trial (RCT) to assess the feasibility,
acceptability, and preliminary efficacy of the HeartFIT intervention. A schematic of the workflow is shown in Figure 1.

Phase 1 Background Analysis
The background analysis consists of a scoping review of related literature and a qualitative study with target users to
achieve context and user understanding.
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Phase 1A Scoping Review
We have completed the scoping review. Findings from the review enabled us to learn about the broad context and
allowed our development of the HeartFIT rehabilitation platform building upon existing knowledge and expertise.

We conducted a systematic literature search of the MEDLINE, Embase, Cochrane Library, and CINAHL databases
from inception to August 31, 2021 to identify evidence describing and examining digital health development, imple-
mentation, and evaluation in cardiac rehabilitation for pediatric patients with CHD and their families. After rigorous
study selection, four studies depicting various digital health tools were ultimately included in this review.20–23 For the
purposes of this paper, only key conceptual information including the main features, development, usability, and
feasibility of the digital health tools, as well as the facilitators and barriers to digital health adoption in clinical practice
gathered from the scoping review is presented here (Table 1). Complete search syntax (Supplementary File 1), study
selection criteria (Supplementary File 2) and synthesized data (Supplementary Files 3, 4, and 5) can be found in the
online Supplementary Materials.

Figure 1 Schematic overview of the study workflow.
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Table 1 Overview of Clinically Studied Digital Health Tools

Digital Health
Tools

Feature Highlights Design &
Development

Usability & Feasibility Facilitators and Barriers to Digital Health Adoption

MinPuls.nu software

tool and a personal

home page (www.

minpuls.nu/)20

● Health education.

● Sending tailored interactive text encouragement

weekly.

● Personal exercise-planning and monitoring tool.

● Performance feedback.

● Motivation/encouragement.

● Recognition for weekly achievements.

A private software

deliverer is responsible

for the portal and has

developed the software

tool in collaboration

with the coordinating

investigator and

a group of

stakeholders.

Usability:
Not reported.

Feasibility:
75.3% (119/158)

completed the final

assessment; but in the

intervention group, only

57% fulfilled the

compliance criteria of

using the tool for ≥ 2

consecutive weeks.

Facilitators:
● Interventions using eHealth are low cost.

● The use of an existing and widely used eHealth platform, Mobile

Fitness A/S Copenhagen, Denmark.

● The consideration of Behavior Change Techniques.

Barriers:
● Less than 57% of the participants used the app at any one point

in time.

● Lack of consideration regarding system security and data privacy.

Web-based

platform CHEO

(www.cheoactive.

ca)21

● A unique log-in account

● Providing simple, low-cost activity ideas,

suggestions and progressions for improving

movement skills or physical fitness (counselling).

● Activities available to the child will be aligned with

the child’s physical activity restrictions.

● Kinesiology support will be provided remotely

using electronic resources if necessary.

The physical activity

tool kit resources were

developed

collaboratively with

patients, families and

clinicians, confirming

suitability for clinic use

and high patient

priority.

Usability:
Not reported.

Feasibility:
Not reported.

Facilitators:
● Low resource cost of providing the individualized physical

activity interventions.

● The innovative, personalized, and user-friendly nature of the

online tool kit resource for patients and their families.

Barriers:
Not reported.

Web-based

e-Learning

platform Einstein

(https://einstein.

costner.is)22

● Providing exercise training video clips and serving

as a virtual training partner.

● Electronic reporting and the possibility of tracking.

● Automated messages can be sent to the patients

to remind him/her of the execution and vice versa

the supervisor when a training progress is missing.

Not reported. Usability:
Not reported.

Feasibility:
87.1% (61/70) patients

completed the follow-up.

The mean weekly

exercise adherence was

33%.

Facilitators:
● The videos served as a virtual training partner and exercise was

performed simultaneously while watching the video.

● The digital solution could deliver and monitor the intervention

effectively.

● Automatically recorded adherence and reminding messages.

● eHealth provides easy and wide reachability by low cost.

Barriers:
● The standardized training protocol was not individual enough.

● Insufficient exercise intensity.

● Requiring more guidance or external supervision.

● The flexible approach might have led to laziness and

carelessness.

● Time competition with existing leisure activities.
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“Smart Heart”

web-based app23
● Activity and nutrition behaviors tracking/ Self-

monitoring.

● Goal setting.

● Nutrition and physical activity resources.

● Facilitating communication between participants

and their health coaches.

Not reported. Usability:
Not reported.

Feasibility:
This study had a high

retention rate (100%),

a low attrition rate (2%);

but majority of

respondents did not find

the web-based app to be

a useful tool (54%) and

a large proportion did

not use it at all (28%).

Facilitators:
● The use of smart phones in the study enabled to effectively

engage with the participants.

● Cost-effective.

Barriers:
● The development of the online software required significantly

more time than was originally planned.

● Web application needs improvement.

● The web application was poorly implemented.

● The web app lacks of personalization.
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The digital health tools20–23 were all web-based apps or websites with particular features like delivering health
information and exercise suggestions, generating action plans, motivation/encouragement, behaviors tracking, self-
monitoring, physical activity counselling, and rewarding systems to promote physically active lifestyle for children
and adolescents with CHD. However, none of the included studies presented clear details on the design process or
behavioral theory foundations of their tools; and only two of the studies mentioned stakeholder involvement during the
tool development.20,21 Another major gap highlighted by the review is that none of the studies performed usability testing
for their specific tools, which might explain why end users did not find the web-based app to be a useful tool in the
“Smart Heart” study.23,24 The review results suggest that research into the use of digital health tools to promote cardiac
fitness for children and adolescents with CHD is still in its infancy and that there is a need to develop an evidence-driven,
user-friendly digital tool to facilitate cardiac rehabilitation for this population.

Phase 1B Qualitative Interviews
After background analysis of the context, the next step will be to conduct qualitative semi-structured interviews to
understand the end-user child-parent dyads’ expectations, requirements and preferences of using a WeChat-based
pediatric cardiac rehabilitation platform.

We will use a purposive sampling method18,19 to recruit child-parent dyad participants from pediatric cardiology
clinics of West China Hospital and West China Second University Hospital. Inclusion criteria are as follows: (1) age
between 8 and 18 years, (2) repair of congenital heart defects at least 6 months ago, (3) familiarity with smartphones and
mobile applications, and (4) informed parent consent and child assent. Exclusion criteria include patients who have any
contraindications for exercise, or known genetic or chromosomal disorders, or intellectual and developmental disabilities.

The one-to-one interviews will be conducted by a well-trained researcher in a quiet and separate room and be guided
by a topic guide, involving a combination of open-ended questions25 on habitual physical activity patterns, perceptions
and experiences of pediatric cardiac rehabilitation, interest in a WeChat-based platform for fitness promotion, and
requirements and preferences regarding features, contents, and personalization of the proposed tool. Data collection
will continue until data saturation is reached. All interviews will be audio-recorded and transcribed verbatim. To ensure
the credibility of data analysis, we will use a modified iterative descriptive data analysis method to examine data,
compare codes, challenge interpretations, and develop themes inductively.26

Phase 2 Conceptualization and Prototyping
The goal of this phase is to conceptualize the idea of the digital platform, to define key features and priority
functionalities, and to create an initial interactive prototype.

The individual and family self-management theory27 will be utilized to steer the design process with the aim to
enhance the long-term engagement and effectiveness of the proposed tool. The CALO-RE taxonomy, a 40-item list of
behavior change techniques purported to help people change their physical activity behaviors28 will be considered to
inform the tool design. In addition, personalized communication strategies29 will be used to improve communication to
individual users and enhance persuasiveness for behavioral change.

With an in-depth understanding of the broad context and user expectations, we will cluster and codify relevant
findings from the scoping review and qualitative interviews as discrete features to be incorporated into the HeartFIT
platform as well as ideas generated from a brainstorming session by the research team. Design considerations including
users’ requirements and preferences, theoretical constructs, behavior change techniques and tailoring methods will be
listed and mapped to each of the discrete features to help define the platform functionalities and how they need to be
designed. We will then disseminate the ideated features along with their corresponding design considerations to an expert
panel including healthcare professionals and end users with digital health familiarity to seek further opinions. The ideated
features will be refined after the expert panel consultations and thereon a final list of platform features and functionalities
will be determined.

On the basis of design conceptualization, an interactive prototype will be built, tested and continuously refined in
collaboration with three software partners. Representatives of target users will be frequently called upon to give
unstructured feedback throughout the prototyping process.
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Phase 3 Usability Evaluation
Usability is an outcome of use that implies the extent to which a product can be used by specified users to achieve
specified goals with effectiveness, efficiency, and satisfaction in a specified context of use.30 Usability testing is critical
for the success of a novel digital health intervention. The HeartFIT prototype will go through usability testing to gain
valuable feedback in creating a feasible, acceptable and user-friendly intervention before embarking on a small-scale
implementation.

Study Design
We will employ the iterative convergent mixed methods design which provides a clear framework for integrating
quantitative and qualitative data to assess usability.31 Two types of usability testing on HeartFIT will take place: heuristic
evaluation and user testing.

Participants
The heuristic evaluation will involve collaborative efforts of both the development and research teams, who are formally
prepared in human-computer interaction and user experience logic.32,33 For end-user testing, current evidence suggests
that 85% of usability issues could be identified with the first 5 participants and recommends 3 iterative studies with 5
users each to maximize usability.33–35 Thereby, we plan to recruit 5 child-parent dyads representative of the future end
users to take each round of the usability testing.

Procedure
Heuristic evaluation is a usability inspection method in which the technology is evaluated against Nielsen’s 10 principles
for interaction design.18,32,33 Any deviations from the classic principles will be referred to as a heuristic violation and the
overall severity of the identified violations will be rated into five categories: (0) no problem, (1) cosmetic problem only,
(2) minor problem, (3) major problem, and (4) usability catastrophe. Heuristic evaluators will also provide additional
comments regarding the user interface. The initial HeartFIT platform will be iteratively refined based on feedback from
heuristic evaluation.

Three iterative rounds of usability testing with 5 end users each will be conducted in a quiet room. The study
participants will first complete a brief questionnaire covering demographics, disease condition, and technology use and
interest. Then, they will be given a demonstration of the HeartFIT and be required to complete several tasks with the
interactive platform independently. Each participant will be asked to think aloud their thoughts while completing the
predetermined tasks designed to explicate HeartFIT features and also to freely explore the platform.18,35 The “think
aloud” method will generate data on participants’ ongoing thought processes as they complete a set of training tasks.35

Thinking aloud questions such as “Tell me what you are thinking,” “What are you looking at?”, or “What’s on your
mind?” will be used to elicit additional information about the mHealth technology as they move through the user
interface.31,33,35 We will record device screen display, task duration and participant’s utterances with a screen recording
application. Field notes will be documented to describe nonverbal reactions, the frequency, nature, and location of issues
that participants encounter during the usability tasks. In addition, participants will be asked to complete the mHealth app
usability questionnaire (MAUQ-Patient Version), which is designed specifically to evaluate the usability of interactive
mHealth apps, with higher scores indicating better usability.36 At the end of each testing round, a short interview will be
performed to address the users’ understanding of particular features and contents provided by the platform, their overall
impressions of HeartFIT, and their intention to use HeartFIT. The progression of feedback from the iterative usability
testing with end users will be utilized to iteratively improve the prototype.

Data Analysis
Demographic and quantitative data will be analyzed using descriptive statistics. Audio recordings of the think-aloud
protocols will be verbatim transcribed and summarized thematically. Qualitative data from heuristic evaluation and end-
user interviews will also be summarized thematically.
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Phase 4 Pilot Randomized Controlled Clinical Trial
The HeartFIT study is among the first efforts to innovatively develop and systematically evaluate a WeChat-based
rehabilitation intervention for children and adolescents with CHD. We will follow the latest Medical Research Council
(MRC) guidance for developing and evaluating complex interventions37 to undertake a process evaluation in parallel
with the pilot trial to gain insight into the feasibility of the intervention. The main significance of the pilot study is to
assess preliminary efficacy of the intervention to help children and adolescents with CHD enhance cardiac fitness and
adopt a physically active lifestyle, as well as its potential to improve psychosocial wellbeing of the pediatric patients and
to provide evidence of feasibility, acceptability, and appropriateness of implementing the HeartFIT intervention in
a home-based setting.

Study Design
This study will use a prospective, 12-week, two-arm, open-label, pilot RCT design. The intervention length of 12 weeks
is chosen since health habit formation and physiological adaptations to exercise occur in this period of time.38,39

Outcomes of the pilot RCT will be quantitatively measured and qualitatively evaluated using concurrent semi-
structured interviews. The pilot testing phase of the research program has been prospectively registered with the
Chinese Clinical Trial Registry (Trial registration number ChiCTR2100050259) and will be reported in accordance
with the SPIRIT and TIDieR guidelines.40,41

Participants
Subject recruitment will be carried out at two participating medical centers located in southwest China. In addition to the
eligibility criteria described in phase 1B, participants will be further required to demonstrate reductions in peak exercise capacity
during the cardiopulmonary exercise test (CPET), with a maximum oxygen uptake (VO2max) < 80% of predicted VO2max and/or
a ventilatory anaerobic threshold (VAT) < 55% of predicted VO2max, to ensure adequate margin for improvement.42

We will identify potential child-parent dyads for enrolment via on-site screening of patients at outpatient visits,
customized searching of the electronic medical record, and referrals from physicians and other healthcare providers.
Potential eligible patients who are interest in participation in the trial will be invited to have an either face-to-face or
telephone meeting in which the researchers will explain the study in detail and allow time for questions. Potential patients
will attend an incremental CPET to ensure final eligibility. Child-parent dyads who meet the eligibility criteria will be
invited to sign informed consent forms and complete baseline outcome assessment. The anticipated time schedule of
participant enrolment, interventions and assessments is depicted in Table 2.

Randomization
Participants will be randomized in a 1:1 ratio to either the HeartFIT intervention group or the control group with variable
block sizes of 2, 4 or 6, stratified by enrolling site. The allocation sequence will be generated by an independent
researcher using SAS software, version 9.4 (SAS Institute, Cary, North Carolina) and the randomization assignment will
be concealed until participants finalizing the initial assessment. All participants and researchers involved will be aware of
the group affiliation but endpoint evaluation will be done by blinded medical staff.

Interventions
Participants allocated to the control group will continue their routine follow-up visits at outpatient clinics, with no access
to the HeartFIT intervention during the study period. Child-parent dyads will receive basic health education regarding
physical activity as necessary following the CPET test. They will be asked to build connection with the researcher via
WeChat, and record and upload exercise logs biweekly using a standardized form. Upon completion of the study,
participants in the control group will be given the opportunity to receive the same intervention.

Those randomized to the intervention group will receive the HeartFIT rehabilitation intervention performed by
a multi-disciplinary team. To individually tailor the intervention, we will first conduct a comprehensive rehabilitation
assessment guided by the individual and family self-management theory27 to learn about context and process factors that
could potentially affect the intervention implementation. Health education in relation to the benefits of pediatric cardiac
rehabilitation will be delivered and followed by a motivational interviewing to discuss options for enhancing activity
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levels over the succeeding 12 weeks and elicit participant motivation for actually changing and sustaining positive health
behaviors. Each child-parent dyad will be granted a secure user account to login the HeartFIT platform and be
demonstrated how to use the tool using teach-back method. An instruction video illustrating each function module of
the platform will also be contained in the platform itself to help familiarize participants with the system whenever they
need. In case of confusion or uncertainty, users will be directed to the research coordinator on the back end for further
support. The HeartFIT platform will convey exercise prescriptions for home-based rehabilitation to promote cardiac
fitness. The exercise prescriptions will follow expert recommendations for physical activity in pediatric patients with
CHD3,43 and be created on the basis of individuals’ rehabilitation assessment. Specifically, the individualized exercise
prescriptions will consist of four 45-minute sessions per week and every session will include aerobic, strength, and
flexibility training. To maximize program engagement, participants are allowed to choose their preferred exercise
activities from a variety of activities. The exercise prescriptions training intensity will be set at the heart rate
corresponding to the ventilatory threshold of each subject assessed at the baseline CPET test and be reviewed by an
experienced physical therapist specialized in pediatric cardiac rehabilitation. The exercise plans were also devised to
allow participants the choice of a variety of activities. Participants will be required to upload their exercise performance
to the digital platform to facilitate the identification and verification of adherence to the prescribed exercise plan. Other

Table 2 Schedule of Enrolment, Interventions, and Assessments*

STUDY PERIOD

Enrolment Allocation Post-
Allocation

Close-Out

TIMEPOINT Day −14
to 0

Day 0
(1st Visit)

Week 1 to 12
(Intervention)

Week 13
(2nd Visit)

ENROLMENT:

Eligibility screen step 1† x

Eligibility screen step 2‡ x

Informed consent x

Allocation x

INTERVENTIONS:

HeartFIT intervention ←―→

Usual care ←―→

ASSESSMENTS:

Demographics and clinical characteristics x

Primary outcome: CPET x x

Secondary outcomes: ActiGraph wGT3X-BT, Hand Dynamometer, InBody

770, PAQ-C/PAQ-A, PedsQLTM, CSAPPA, RCADS, ACTS-MG

x x

Study feasibility: recruitment, retention, adherence and data collection x

Treatment acceptability and satisfaction x

Adverse event reporting ←―→

Notes: *Recommended content displayed using schematic format as suggested by SPIRIT 2013.40 The symbol “x” indicates a timepoint and the symbol “←―→” indicates
a time period. †The first round of eligibility screen for demographics and clinical characteristics. ‡The second round of eligibility screen for peak exercise capacity.
Abbreviations: CPET, cardiopulmonary exercise test; PAQ-C/PAQ-A, the physical activity questionnaire for older children and adolescents; PedsQLTM, Pediatric Quality of
Life InventoryTM; CSAPPA, the children’s self-perceptions of adequacy in and predilection for physical activity; RCADS, the revised child anxiety and depression scale; ACTS-
MG, the activity support scale for multiple groups.
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essential functions and features will be determined and incorporated into the platform according to study results derived
from the conceptual design process. In addition, we will underline the importance of safety before exercises commence
and throughout the intervention period and child-parent dyads will be followed up by phone every other week to check
potential problems or adverse effects during rehabilitation. Follow-ups will also ensure participants’ proper use of the
system, modify the exercise prescriptions as appropriate, and encourage maintenance of healthy behaviors.

Outcome Measures
Data collection will begin at the baseline visit following informed consent and progress throughout the study period and
into the postintervention visit. The timeline of outcome assessment is summarized in Table 2.

Primary outcomes are changes in cardiorespiratory fitness values at 12 weeks measured by individual maximal CPET
test with continuous breathing gas analysis on a bicycle ergometer, and is performed under medical supervision. The pre-
and post-intervention assessments will be carried out by the same physiotherapists who are blinded to the intervention
arm assignment. Secondary outcomes for the pilot trial will focus on potential effectiveness of the intervention to
enhance behavioral change, physical health, and psychosocial functioning (Table 2). A triaxial accelerometer (Actigraph
wGT3X-BT, Pensacola, FL, USA) will be used to objectively track daily physical activity and sedentary behaviors in
free-living conditions. Medical staff (physiotherapists and dieticians) who are not involved in the study program will
perform the pre- and post-intervention assessments of patients’ physical health in relation to body composition (InBody
770, Cerritos, CA, USA) and grip strength (Hand Dynamometer EH101, Zhongshan, China). All patient-reported
psychosocial outcomes will be collected and managed electronically using REDCap system, including self-reported
physical activity level (the physical activity questionnaire for older children and adolescents, PAQ-C/PAQ-A), health-
related quality of life (Pediatric Quality of Life InventoryTM, PedsQLTM), self-efficacy for physical activity (the
children’s self-perceptions of adequacy in and predilection for physical activity, CSAPPA), emotional wellbeing (the
revised child anxiety and depression scale, RCADS), and parental activity support (the activity support scale for multiple
groups, ACTS-MG).

Feasibility of implementing the HeartFIT intervention program will be assessed using 3 metrics (Table 2): (1) recruitment
rate calculated as the number of actual consenting participants divided by the number of eligible patients approached; (2)
retention rate demonstrated by the proportion of participants with valid postintervention outcome data; and (3) treatment
adherence assessed by frequency, intensity, time, and type of registered exercise sessions. Participants dropping out midway
will be contacted, where possible, to learn about their reasons for attrition and experience with the intervention. We will also
assess acceptability and satisfaction of the intervention using both qualitative and quantitative metrics. Specifically, partici-
pants in the treatment groupwill be interviewed at the postintervention visit to capture their lived experience with the HeartFIT
intervention in terms of its acceptability and perceived satisfaction. A modified Treatment Evaluation Inventory44 including 9
items will be adopted to quantitatively evaluate the treatment acceptability.

Adverse events are defined as any unexpected or uncomfortable signs or symptoms or any accidental injuries that
could be possibly connected to the prescribed exercises over the intervention course. We will disclose all occurrences of
adverse events in our final paper and report to the Ethics Committee as required.

Sample Size
Because of the pilot nature of the proposed study, we did not perform a formal sample size calculation. Nevertheless, to
ensure the reliability of the standard deviation estimate from the pilot study to power a future trial with 90% power where
the expected effect size is small (0.1 ≤ δ < 0.3),20 the optimal pilot sample size of 25 per arm is recommended.45 As such,
we will target 68 participants to account for a 25% attrition20 and ensure at least 25 subjects for each group at follow-up.

Data Management
Each participant will be assigned a unique study ID and all personally identifiable information will be carefully de-
identified prior to using the data. Study data will be maintained on a password-protected computer and backed up to
a secure external hard drive, with access restricted to authorized researchers and staff. Automatic plausibility controls
will be set to detect any inconsistencies or inaccuracies during data entry.
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Data Analysis
We will first conduct a process evaluation to assess fidelity and quality of implementation of the HeartFIT intervention
and gather participants’ attitude toward the program. The quantitative metrics of study feasibility and treatment
acceptability will be reported using descriptive statistics. Qualitative process data acquired from interviews will be
summarized using a content analysis method.

We will evaluate the preliminary program efficacy at 12 weeks through separate analysis of covariance (ANCOVA)
models for each secondary outcome, with the post-intervention value as the dependent variable, group assignment (inter-
vention or control) as the independent variable, and the baseline value of the specific outcome as the covariate. The outcome
evaluation will primarily be based on the conservative intention-to-treat (ITT) analysis, and per protocol (PP) analysis will be
adopted as a secondary analysis. In addition, multiple imputation methods will be undertaken in both the ITT and the PP
analyses, when appropriate, to handle missing data as a form of sensitivity analysis. Although the pilot study may not be
powered to detect significant differences in efficacy, this will help reveal the preliminary trends and trend direction of the
intervention effectiveness. A two-tailed P < 0.05 will be considered significant for all statistical analyses.

Ethics Approval
This study received ethical approval from the Ethics Committee ofWest China Second University Hospital (No. 2021-063).
The ethical principles of written informed consent, privacy and confidentiality, voluntary participation and data anonymi-
zation will be maintained throughout the research process. All study procedures will comply with the standards set by the
Declaration of Helsinki.

Discussion
The ultimate goal of this ongoing program of research is to promote physical fitness for children and adolescents with
CHD. As the essential step, this proposed study aims to iteratively develop and systematically evaluate an evidence-
driven and user-centered WeChat-based platform to facilitate cardiac rehabilitation.

Over the past decade, there is a growing trend in the design of digital health systems that are aimed to promote
physical fitness for individuals with chronic conditions.46 Overall, the efficacy of digital health interventions can be
considerably enhanced through a more systematic approach to designing, developing, and reporting of the
interventions.46 However, the majority of studies targets adult population; and even fewer studies focused on children
and adolescents.46,47 The phase 1A scoping review was undertaken to only find four previous studies presenting different
digital health tools intended to promote physical activity or facilitate exercise training for children and adolescents with
CHD.20–23 However, none of the studies systematically considered the integration of behavior change techniques in the
tool design or clearly presented their development process, nor did they proceed with usability testing for their specific
tools. To our knowledge, this research program will be the first known example of applying a user-centered design
approach and a sequentially phased problem-solving process to maximize the usability, quality, and behavior change
potentials of a digital rehabilitation platform for children and adolescents with CHD, making it a novel contribution to
pediatric cardiac rehabilitation.

The sequentially phased problem-solving process used in iteratively developing and evaluating the HeartFIT platform
represent a rigorous approach to ensure it is easy to use, efficient and satisfying to operate. The thorough background
analysis will enable us to learn about the broad context and understand needs and preferences of end users. The
conceptualization and prototyping will translate the ideated features and functionalities into a functional prototype.
Then, the HeartFIT prototype will undergo iterative usability testing to achieve an acceptable level of usability. Last,
a pilot RCT will be launched to examine the feasibility and preliminary efficacy of implementing the HeartFIT
intervention in a home-based setting among children and adolescents with CHD. The results of this study can contribute
to a better understanding of the acceptability, appropriateness and early effectiveness of the HeartFIT intervention and, if
positive, the proposed HeartFIT intervention could be scaled up with full-scale trial and be potentially integrated into the
users’ daily lives to help children and adolescents with CHD adopt a physically active lifestyle and also be adapted and
tailored to children and adolescents with other chronic cardiac conditions.
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The convenience of the WeChat-based rehabilitation platform, which could help to overcome many traditional
obstacles such as traveling and scheduling, and improve the delivery and effectiveness of healthcare service is likely
to be particularly appealing. But undoubtedly, barriers to clinical research will ensue during the program’s implementa-
tion stage. However, we have designed the study to minimize such barriers. Firstly, recruiting child-parent dyad
participants who are interested and willing to devote their time to this study is a potential challenge. Nevertheless, the
remote and interactive features of HeartFIT that delivers personalized rehabilitation program may draw children and
parents to the study. Secondly, selecting representative end-users of the targeted population is also a challenge.48 Yet, we
have designed specific inclusion and exclusion criteria to ensure the selection of representative end-users in our usability
testing. This will help to refine the prototype based on the end users’ needs and preference and increase successful
potential in the subsequent pilot testing and dissemination of HeartFIT in this population in future. Thirdly, in the pilot
study phase, potential challenges may occur for participants to strictly adhere to the prescribed exercise plan for a 12-
week period, especially for those who have to transition from a sedentary lifestyle to a physically active lifestyle.
However, the personalized program may help to overcome such barriers. Finally, the pilot testing may not be able to
detect statistical significance of the study outcomes (eg, the physical fitness or psychosocial wellbeing), but we do expect
positive behavior changes (eg, walking longer distance or less sedentary time) that eventually will lead to positive patient
outcomes.
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