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ABSTRACT
Evidence suggests that digitally delivered cardiac rehabilitation (CR) is
likely to be an effective alternative to centre-based CR. However, there
is limited understanding of the behaviour change techniques (BCTs)
and intervention characteristics included in digital CR programmes. This
systematic review aimed to identify the BCTs and intervention
characteristics that have been used in digital CR programmes, and to
study those associated with effective programmes. Twenty-five
randomised controlled trials were included in the review. Digital CR was
associated with significant improvements in daily steps, light physical
activity, medication adherence, functional capacity, and low-density
lipoprotein-cholesterol when compared to usual care, and produced
effects on these outcomes comparable to centre-based CR. The
evidence for improved quality of life was mixed. Interventions that were
effective at improving behavioural outcomes frequently employed BCTs
relating to feedback and monitoring, goals and planning, natural
consequences, and social support. Completeness of reporting on the
TIDieR checklist across studies ranged from 42% to 92%, with
intervention material descriptions being the most poorly reported item.
Digital CR appears effective at improving outcomes for patients with
cardiovascular disease. The integration of certain BCTs and intervention
characteristics may lead to more effective interventions, however better
intervention reporting is required.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death worldwide, responsible for an estimated
17.9 million deaths in 2019 (WHO, 2021). Cardiac rehabilitation (CR) is a multidisciplinary secondary
prevention programme designed to slow, stabilise or reverse the progression of CVD, thereby
improving health outcomes (Balady et al., 2007). It is a multifaceted intervention that includes
patient assessment, exercise training, nutritional counselling, risk factor management, and
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psychosocial support (Thomas et al., 2019). There is strong evidence that CR can lead to reductions in
all-cause and cardiovascular mortality, and hospital re-admissions while improving health-related
quality of life (QoL), depression, and anxiety in coronary heart disease (CHD) and heart failure popu-
lations (Dibben et al., 2021; Zheng et al., 2019). Based on this evidence, national and international
guidelines including the European Society of Cardiology, the American Heart Association, and the
American College of Cardiology strongly recommend CR referral for all patients following hospital
admission for acute coronary syndrome, revascularisation procedures, chronic stable angina, and
heart failure (Piepoli et al., 2016; Smith et al., 2011). Despite these recommendations, participation
rates at CR are suboptimal, with less than half of eligible patients attending and even fewer complet-
ing a programme (Kotseva & Wood, 2018; Turk-Adawi & Grace, 2014). This is due to a range of factors
including distance from the CR centre, lack of time, and the cost of rehabilitation (De Vos et al., 2013).
Participation at CR has been further impacted by the COVID-19 pandemic, as many services were
suspended or stopped completely (Ghisi et al., 2021). The poor uptake of CR, coupled with the
impact of the pandemic, has heightened the need to consider alternative models of delivering CR.

The proliferation of information communication technologies has enabled CR to be delivered
through digital means such as smartphones, web-based applications, and wearable devices. This
model of delivery allows for the remote provision of CR, while also widening access and increasing
participation in services. Several recent systematic reviews have sought to establish evidence for the
efficacy of digitally delivered CR. Overall, they have concluded that digital CR can lead to significant
improvements in many outcomes including physical activity, daily steps, medication adherence,
smoking, functional capacity, QoL, and cardiac-related re-hospitalisation (Anderson et al., 2017;
Chong et al., 2021; Ramachandran et al., 2021; Su et al., 2020). These findings demonstrate that
digital CR can produce positive outcomes for patients, equivalent, and potentially in some cases
superior, to those produced by centre-based CR. However, the conclusions of these reviews are
based on the findings of relatively few studies, and as evidence on this topic is rapidly accumulating,
further examination is required. While the evidence for digital CR is promising, it is important to note
that the interventions included in these reviews vary significantly in terms of features such as inter-
vention materials, modes of delivery, intensity and personnel involved. Furthermore, the most
effective components or ‘active ingredients’ of digital and traditional in-person CR remain unclear.
A previous systematic review of CR concluded that defining the content of interventions and the
active components of CR is a major challenge (Goodwin et al., 2016). Our lack of understanding
of the core components, optimal dose of each component, and combination of components severely
limits any attempts to maximise the effectiveness of CR and the efficiency of its delivery.

Studying the content and context of effective interventions is essential to uncovering how an inter-
vention achieves its effects. This is especially true in the case of complex interventions such as CR,
where multiple components can render interventions into ‘black boxes’ (Abell et al., 2015). This uncer-
tainty about the most effective components of complex interventions can have the effect of limiting
the application of research evidence in practice, creating difficulties in efficiently delivering interven-
tions at scale or adapting an intervention to different contexts. The behaviour change technique (BCT)
taxonomy (v1) (Michie et al., 2013) is a comprehensive list of 93 BCTs that allows the components of
complex interventions to be systematically described and replicated. Furthermore, the Template for
InterventionDescription and Replication (TIDieR) (Hoffmann et al., 2014) checklist allows for a systema-
tic description of the replicable aspects of an intervention including items such as theoretical frame-
work, materials and procedures, mode of delivery, frequency, duration, and intervention adherence. A
detailed exploration of these core elements of an intervention is crucial for determining the character-
istics of effective interventions and for enabling future replication.

We know of no systematic review to date that has evaluated digital CR using the BCT taxonomy and
the TIDieR checklist. Therefore, this systematic review aims to: (1) determine the effectiveness of digital
CR on behavioural, clinical and physiological outcomes compared to centre-based CR or usual care, (2)
identify the BCTs that have been used in digital CR programmes, (3) examine the BCTs and intervention
characteristics and components that are associated with effective digital CR programmes.
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Methods

This systematic review was conducted according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Page et al., 2021) (Supplementary Figure 1). The
review protocol has been published (Kenny et al., 2021) and registered on PROSPERO
(CRD42021256055).

Eligibility criteria

Studies were eligible if they included: (a) adults (≥18 years old) with any form of heart disease (cor-
onary heart disease, acute coronary syndrome, congenital heart disease, heart failure, valvular heart
disease); (b) a CR intervention delivered at least in part via the internet or a smartphone application;
(c) compared the intervention to usual care or centre-based CR; (d) reported a behavioural outcome
(e.g., physical activity, diet, smoking, alcohol use, medication adherence) as either the primary or sec-
ondary outcome; (e) used a randomised controlled trial (RCT) design; and (f) full publication in a peer-
reviewed journal in English. Studies were excluded if the intervention consisted exclusively of text
messaging, phone calls or participant monitoring as the focus of this review was on interventions
where the core intervention content was delivered using digital technology (e.g., internet or smart-
phone application).

Information sources

The following databases were searched from inception to 11 November 2021: PubMed (1996),
MEDLINE (Ovid; 1946), EMBASE (Elsevier; 1966), CINAHL (EBSCOhost; 1957), PsycINFO (Ovid; 1806)
and Cochrane Central Register of Controlled Trials (Wiley; 1996). Included publications were
forward and backward reference searched to identify additional relevant studies. Study authors
were contacted if the full-text article was not available.

Search strategy

The search strategy was developed based on previous systematic reviews (Pfaeffli Dale et al., 2016;
Su et al., 2020; Widmer et al., 2015) and in consultation with a specialist librarian. It included a com-
bination of medical subject headings (or equivalent) and free-text terms. The search strategy for
MEDLINE (Ovid) is provided as an example in the supplementary files (Supplementary Table 1).
The search strategy was modified for each database.

Selection process

The results from all database searches were imported into EndNote X20. Duplicates were removed
first by the software and then manually by the main reviewer (EK). Articles were then exported to
Rayyan (Ouzzani et al., 2016) for screening. Studies were screened by abstract and full text by one
reviewer (EK), and a second reviewer (RC) screened a random 20% at both abstract and full-text
stages. Any disagreement regarding eligibility was resolved through discussion or in consultation
with a third reviewer (JMS).

Data extraction

Data extraction was completed by one reviewer (EK) using a pre-piloted data extraction form. A
second reviewer (RC) independently verified a random 20% of the extracted data. Any identified dis-
crepancies in the data were resolved via discussion. General study characteristics (e.g., author, year,
country), participant characteristics (e.g., sample, age, sex, diagnosis), and outcomes (e.g.,
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behavioural, clinical, physiological) were extracted from the included studies. The TIDieR checklist
was used to describe the: Why (theoretical framework), What (materials, procedures, core com-
ponents home-based CR programmes (Thomas et al., 2019)), Who (intervention provider), How
(mode of delivery), Where (location of intervention), When and How much (duration and number
of sessions), Tailoring (e.g., individualised exercise training), Modifications, and How well (adherence
and attrition) for each intervention. The checklist was also used to assess the completeness of report-
ing for each intervention, with items rated as either ‘present’, ‘absent’ or ‘unclear’. Source material for
the intervention descriptions included all publications related to the trial (e.g., trial result publication,
study protocol) and supplementary files. Interventions were coded for BCTs using the BCT taxonomy
(v1) (Michie et al., 2013) by one reviewer (EK), and a second reviewer (RC) double-coded a random
20% of interventions to check for reliability. Both reviewers had completed an online training course
in using the taxonomy (https://www.bct-taxonomy.com/). A BCT had to be explicitly present to be
coded as included. Coding differences were resolved through discussion and if agreement could
not be reached, the views of a third reviewer (JMS) were sought.

Outcomes and effectiveness assessment

The primary outcomes of interest in this review were changes in health-related behaviours (e.g.,
physical activity, diet, smoking, and medication adherence). These outcomes were chosen as CR is
an intervention aimed primarily at improving modifiable CVD risk factors. Secondary outcomes
included clinical and physiological outcomes. For the purpose of this review, an intervention was
classified as ‘effective’ where there was a statistically significant difference between intervention
and comparator in a behavioural outcome. The frequency of BCTs and intervention characteristics
in effective and non-effective interventions were compared to allow the differences between
these interventions to be examined.

Study risk of bias assessment

Included studies were critically appraised using the Cochrane Risk of Bias Tool for Randomised Trials
(RoB 2.0) (Sterne et al., 2019). This tool assesses bias arising from the randomisation process, devi-
ations from intended intervention, missing outcome data, measurement of the outcome, and selec-
tive reporting. The risk of bias appraisal was conducted on primary outcomes. Where no primary
outcome was specified, the first outcome reported in the results was chosen. The overall level of
bias was rated as ‘high’, ‘low’ or ‘some concerns’. One reviewer (EK) appraised all the studies,
while a second (RC) independently appraised a random 20% of the included studies. Any discrepan-
cies that arose were resolved through discussion or in consultation with a third reviewer (JMS).

Synthesis methods

BCTs and TIDieR findings were synthesised narratively, with frequencies and percentages presented
in summary tables. Outcome data were quantitatively synthesised in a series of meta-analyses by
outcome using Review Manager (RevMan) version 5.425. In studies that measured outcomes at mul-
tiple time points, the outcome time point immediately after the intervention was included in the
meta-analysis. Continuous outcomes were analysed using the inverse variance statistical method
with mean differences (MD) (with 95% CIs) as the effect measure, or standardised mean difference
(SMD) if different outcome measures were used. Dichotomous outcomes were analysed using risk
ratios (with 95% CIs) via the Mantel-Haenszel method. Statistical heterogeneity was assessed
using the Higgins I2 statistic, with I2 values of 25%, 50%, and 75% indicating low, moderate, and
high heterogeneity, respectively (Higgins et al., 2003). A random-effects model was adopted as
there was likely a high level of clinical heterogeneity in the included trials. If a study did not
report mean and standard deviation units, an estimate was calculated using methods outlined by
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Wan et al. (Wan et al., 2014), or the Cochrane SD calculator. Where these values could not be esti-
mated or if heterogeneity was high (I2 >75%), a narrative synthesis was performed. Meta-analyses
were stratified by type of comparison group (e.g., usual care, centre-based CR) to differentiate
between active and passively controlled studies. Four studies (Claes et al., 2020; Lunde et al.,
2020; Park et al., 2021; Skobel et al., 2017) comparing digital CR to usual care recruited patients
who had previously attended a CR programme. Therefore, a sensitivity analysis was conducted
where the ‘usual care’ comparison group was defined as having never previously attended a CR pro-
gramme. A meta-regression was not performed as the meta-analysis did not contain a sufficient
number of studies.

Results

The initial search identified 13,274 articles. After the removal of duplicates and screening of titles and
abstracts, 55 articles were considered eligible for inclusion and were screened by full text. In total, 25
articles reporting 25 RCTs met the eligibility criteria and were included in the review. The PRISMA
flow diagram (Figure 1) summarises the study selection process.

Figure 1. Prisma 2020 flow diagram showing study selection process.
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Study characteristics

Table 1 presents a summary of the study characteristics. Of the included studies, four were con-
ducted in Asia (Dorje et al., 2019; Duan et al., 2018; Su & Yu, 2021; Wong et al., 2020), nine in
Europe (Brouwers et al., 2021; Claes et al., 2020; Devi et al., 2014; Frederix et al., 2015; Hakala
et al., 2021; Lunde et al., 2020; Sankaran et al., 2019; Skobel et al., 2017; Vernooij et al., 2012),
seven in North America (Lear et al., 2014; Park et al., 2021; Reid et al., 2012; Southard et al., 2003;
Thomas et al., 2019; Widmer et al., 2017; Zutz et al., 2007), and five in Oceania (Maddison et al.,
2015; Maddison et al., 2019; Pfaeffli Dale et al., 2015; Varnfield et al., 2014; Yudi et al., 2021). Most
of the studies were parallel two-arm RCTs (n = 22, 88%). Other designs included a two-arm cluster
RCT (Hakala et al., 2021), a pragmatic RCT (Lunde et al., 2020) and a crossover study (Sankaran
et al., 2019). The total number of participants included in all the studies was 3,667 (mean age
60.06), with the sample size ranging from 15 to 438. Males accounted for 75% (n = 2,752) of the
overall sample. Participants included in the studies were primarily diagnosed with: CHD (Duan
et al., 2018; Su & Yu, 2021; Wong et al., 2020; Southard et al., 2003; Maddison et al., 2019; Pfaeffli
Dale et al., 2015; Yudi et al., 2021), acute coronary syndrome (Lear et al., 2014; Lunde et al., 2020;
Reid et al., 2012; Vernooij et al., 2012; Widmer et al., 2017), coronary artery disease (Brouwers
et al., 2021; Frederix et al., 2015; Lunde et al., 2020; Sankaran et al., 2019; Skobel et al., 2017), CVD
(Claes et al., 2020; Hakala et al., 2021; Park et al., 2021), myocardial infarction (Dorje et al., 2019;
Varnfield et al., 2014; Zutz et al., 2007), percutaneous coronary intervention (Dorje et al., 2019;
Zutz et al., 2007), coronary artery bypass graft (Frederix et al., 2015; Zutz et al., 2007), stable
angina (Devi et al., 2014; Dorje et al., 2019), ischemic heart disease (Maddison et al., 2015),
chronic heart failure (Frederix et al., 2015), coronary revascularization (Lear et al., 2014) and heart
failure (Tomita, 2009).

Intervention characteristics according to the TIDieR checklist

A summary of the intervention characteristics (‘why’, ‘how’, ‘how long’, ‘tailoring’, and ‘how well’) is
displayed in Table 2. Characteristics relevant to ‘what’ are described briefly below and are summar-
ised in Table 1.

Theoretical framework (why)
Approximately half of the studies reported using a theoretical framework (n = 13, 52%) (Claes et al.,
2020; Duan et al., 2018; Lunde et al., 2020; Maddison et al., 2015; Maddison et al., 2019; Park et al.,
2021; Pfaeffli Dale et al., 2015; Sankaran et al., 2019; Skobel et al., 2017; Su & Yu, 2021; Tomita, 2009;
Wong et al., 2020; Yudi et al., 2021), with six studies reporting the use of two or more theories (Claes
et al., 2020; Maddison et al., 2019; Pfaeffli Dale et al., 2015; Sankaran et al., 2019; Skobel et al., 2017;
Tomita, 2009). Social cognitive theory was the most commonly used (n = 5), followed by Fogg’s
behaviour model, the health belief model, self-efficacy theory and the transtheoretical stages of
change model which were each used in two studies.

Materials, procedures, and intervention content (what)
The majority of interventions provided participants with health and lifestyle information (n = 21,
84%), enabled the recording of health behaviours (n = 23, 92%) and goal-setting (n = 18, 72%).
Other common intervention features included personalised feedback (n = 17, 68%), reminders and
prompts (n = 12, 48%), and the ability to ask questions to the intervention provider (n = 11, 44%).
Five interventions (Dorje et al., 2019; Pfaeffli Dale et al., 2015; Tomita, 2009; Varnfield et al., 2014;
Yudi et al., 2021) delivered all the core components of home-based CR programmes as described
by Thomas et al. (Thomas et al., 2019) (patient assessment, exercise training, diet management, psy-
chosocial support, medication adherence and risk factor management). Exercise training was the
most common component, included in all studies except one (Vernooij et al., 2012), which
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Table 1. Characteristics of the included studies.

Author (year),
country

Sample,
Mean age

(SD)
Men
(%) Diagnosis

Intervention
components Mode of delivery Intervention Control Outcomes

Brouwers et al.
(2021)
Netherlands

300
IG: 60.8
(9.3)

CG: 60.5
(9.8)

266
(89%)

CAD PAs, ET Face-to-face (6 six
supervised group-
based sessions),
website, tele-
monitoring

Supervised training sessions to
determine individual exercise
prescription. ET and PA targets
recorded in the web-based app.
Weekly video consultation with
physical therapist to assess
symptoms, injuries or adverse
events, adherence and PA data
review. Motivational interviewing
used to address motivational issues.

CBCR (group-based exercise
and additional content
depending on needs)

Behavioural: PA
Physiological: BMI, BP
Clinical: HRQoL, anxiety,
depression

Claes et al.
(2020)
Belgium,
Ireland

120
IG: 61.7
(14.5)

CG: 59.6
(13.2)

98
(82%)

CVD PAs, ET, RFM Face-to-face (4
familiarisation
sessions) website, tele-
monitoring, email,
SMS

Four familiarisation classes conducted
with user during week 4–6 of phase
2 CBCR. PATHway system provides
individualised exercise prescription,
monitoring of exercise and
personalised feedback via a virtual
‘avatar’ coach. Remote
communication via headsets,
messages, and a live chat function
during exercise. Behaviour change
module with behavioural goal
setting. e-learning platform with
information on reducing lifestyle-
related risk factors for CVD.

Usual care (verbal advice on
how to best maintain PA
and a heart-healthy lifestyle
post CBCR)

Behavioural: PA, MA, alcohol,
smoking status, diet

Physiological: CVD risk profile and
vascular function

Clinical: HRQoL, depression, stress,
social support, exercise self-
efficacy, exercise barriers,
exercise intentions, illness
perceptions, mental wellbeing,
exercise capacity, adverse events

Devi et al.
(2014) United
Kingdom

94
IG: 66.27
(8.35)

CG: 66.20
(10.06)

70
(74%)

Stable
angina

PAs, ET, DM,
PS, RFM

Face-to-face (1
familiarisation
session), website, tele-
monitoring, email

Access to ‘ActivateYourHeart’ website
and Sensewear Pro3
accelerometer.. Individualised goals
on exercise, diet, emotions and
smoking. Online exercise diary.
Feedback on PA and smoking.
Information on CHD-related risk
factors. Advice and support from CR
nurses via email link or at weekly
scheduled synchronised chat
rooms.

Usual care (annual check of
RFM)

Behavioural: PA, diet
Physiological: Weight, BP, body fat
percentage

Clinical: Anxiety, depression, self-
efficacy, HRQoL

(Continued )
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Table 1. Continued.

Author (year),
country

Sample,
Mean age

(SD)
Men
(%) Diagnosis

Intervention
components Mode of delivery Intervention Control Outcomes

Dorje et al.
(2019) China

312
IG: 59.1
(9.4)

CG: 61.9
(8.7)

254
(81%)

Post-PCI (MI;
unstable/
stable
angina)

PAs, ET, DM,
PS, MA, RFM

Smartphone app, tele-
monitoring, SMS

Smartphone app delivered via
WeChat. WeChat-interfaced
pedometer, BP and HR monitor for
remote monitoring and
management. 32 cartoon format
CHD educational modules.
Individualised walking programme.
Remote supervision and feedback
after data review. WeChat-based
consultations on RFM and
medication adherence.

Usual care (brief inpatient
health education,
medication management,
ad-hoc follow-up visits to a
cardiologist or other HCP)

Behavioural: MA, smoking status,
diet, PA

Physiological: Resting HR, BP, lipid
profile, plasma glucose, BMI,
waist-to-hip ratio

Clinical: Major adverse cardiac
events, psychosocial wellbeing,
QoL

Duan et al.
(2018) China

114
IG: 45.8
(14.68)

CG: 51.57
(11.57)

35
(43%)

CHD PAs, ET, DM Website Web-based modules on PA in the first
4 weeks, followed by content on
fruit and vegetable consumption in
the next 4 weeks.

Usual care and waiting-group
control

Behavioural: PA, fruit and
vegetable consumption

Physiological: BMI
Clinical: Intentions, self-efficacy,
social support, QoL, depression

Frederix et al.
(2015)
Belgium

139
IG: 61 (9)
CG: 61 (8)

114
(81%)

CAD treated
with a PCI or

CABG,
CHF

PAs, ET, DM,
PS, RFM

Face-to-face (1
familiarisation session)
website, tele-
monitoring, email,
SMS

Individualised ET protocols.
Semiautomatic tele-coaching
feedback via email and SMS
encouraged achievement of ET
goals, and provided tailored dietary
and smoking cessation
recommendations.

CBCR Behavioural: PA
Physiological: Hemoglobin A1c
(HbA1c), glycemic control, lipid
profile

Clinical: Peak aerobic capacity,
HRQoL

Hakala et al.
(2021) Finland

59
IG: 59.7
(6.0)

CG: 59.2
(6.1)

49
(83%)

CVD PAs, ET, DM,
RFM

Face-to-face (three 5-
day inpatient sessions
at beginning, month 6,
month 12), website,
tele-monitoring

Provided with Fitbit Charge HR and
Movendos mCoach. 1.5-hours face-
to-face support on the use of
activity monitoring technologies.
Goal-setting and instructions on
how to perform exercises.
Automatic prompts to engage in PA
and feedback on activity.

Conventional CR Behavioural: PA
Clinical: Adherence to treatment

Lear et al. (2014)
Canada

78
IG: 61.7
(51.3,
65.2)

CG: 58.4
(52.8,
64.7)

66
(85%)

ACS, CRV PAs, ET, DM,
RFM

Face-to-face (1
familiarisation
session), website, tele-
monitoring

vCRP website with weekly
educational content, one-on-one
chat sessions with program nurse
case manager, exercise specialist
and dietician. Participants wore HR
monitors when exercising and
uploaded exercise, weight, BP and
glucose to the vCRP twice weekly.

Usual care (guidelines on
exercise and healthy eating,
list of internet-based
resources)

Behavioural: PA, diet, smoking
status

Physiological: Total cholesterol,
HDL-C, triglycerides, blood
glucose, BP, BMI, weight, waist
circumference

Clinical: Exercise capacity, hospital
admissions, ED visits

ACS, CAD PAs, ET, DM Usual care
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Lunde et al.
(2020)
Norway

113
IG: 59.5
(9.1)

CG: 58.4
(8.2)

88
(78%)

Face-to-face (1
familiarisation
session), smartphone
app, tele-monitoring,
email

Post CBCR individualised follow-up
via smartphone app with goals-
setting, tasks and reminders. Short,
tailored and individualised
motivational feedback provided
through the app 1–3 times per
week. Comprehensive individual
feedback via email.

Behavioural: Exercise habits
Physiological: Body weight, resting
BP, lipid profile, triglycerides

Clinical:
Difference in VO2 peak, peak
incline (%), peak velocity (km/h),
HRQoL,

health status
Maddison et al.
(2015) New
Zealand

171
IG: 61.4
(8.9)

CG: 59.0
(9.5)

139
(81%)

IHD PAs, ET Website, SMS 3–5 behavioural support SMS
messages per week. Secure website
with messages received, video
messages, motivational messages,
and weekly health and exercise tips.

Usual community-based CR Behavioural: PA
Clinical: Change in peak VO2, self-
efficacy and motivation to
exercise, HRQoL

Maddison et al.
(2019) New
Zealand

162
IG: 61.0
(13.2)

CG: 61.5
(12.2)

139
(86%)

CHD PAs, ET Smartphone app,
website, tele-
monitoring, SMS

Provided with a smartphone, a
mobile data subscription and chest-
worn wearable sensor. Real-time
exercise monitoring and remote
coaching. Behaviour change
education via direct messaging.
Website allows individualised goal-
setting performance data to be
reviewed.

Centre-based exercise CR Behavioural: Exercise adherence,
PA

Physiological: Fasted blood lipid,
glucose concentrations,

height, weight, BMI, waist/hip
circumference, BP

Clinical: Between-group difference
in V̇O2max, exercise-related
motivation, adverse events,
HRQoL

Park et al.
(2021) USA

60
IG: 66.7
(8.6)

CG: 66.8
(8.7)

46
(77%)

CVD PAs, ET, DM,
RFM

Smartphone app, tele-
monitoring, SMS

Post CBCR participants received a
Fitbit Charge 2 and Movn mobile
app to record step counts and
exercise. Motivational PA prompts
and educational messages related
to CVD management.

Usual care (given a
pedometer and diary of
daily steps)

Behavioural: PA
Clinical: Functional capacity,
exercise self-efficacy,

depression

Pfaeffli Dale
et al. (2015)
New Zealand

123
IG: 59.0
(10.5)

CG: 59.9
(11.8)

100
(81%)

CHD PAs, ET, DM,
PS, MA, RFM

Website, tele-
monitoring, SMS

Participants received a pedometer for
PA monitoring and 5–7 automated
SMS messages per week.
Personalised feedback was
available within 48 h upon request.
Supporting website with a blog,
self-monitoring function and
information.

Usual Care Behavioural: Adherence to health
guidelines, MA

Physiological: BP, lipid profile,
weight, BMI,

waist-to-hip ratio,
CHD risk probability
Clinical: Self-efficacy, illness
perceptions, anxiety, depression,
serious adverse events

Reid et al.
(2012) Canada

223
IG: 56.7
(9.0)

CG: 56.0
(9.0)

188
(84%)

ACS post
successful

PCI

PAs, ET Face-to-face (1
familiarisation
session), website, tele-
monitoring, email

PA plan and access to CardioFit
website to log activity daily and
complete online tutorials. Exercise
specialist answered questions and
gave motivational feedback on
progress via email.

Usual care (received PA
guidance from their
attending cardiologist and
an education booklet)

Behavioural: PA
Clinical: Heart disease HRQoL

(Continued )
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Table 1. Continued.

Author (year),
country

Sample,
Mean age

(SD)
Men
(%) Diagnosis

Intervention
components Mode of delivery Intervention Control Outcomes

Sankaran et al.
(2019)
Belgium

28
60.9 (8.2)

24
(86%)

CAD PAs, ET, MA,
RFM

Smartphone app HeartHab smartphone app with
monitoring of risk factors,
medication management, PA, e-
coaching and symptom monitoring.
Caregivers can remotely monitor
patient risk factors and PA progress,
tailor targets and prescribe
medication.

Usual care (self-management) Behavioural: PA
Physiological: Weight, BP, heart
rhythm, exercise capacity,
glucose, lipid profile

Clinical: HRQoL

Skobel et al.
(2017)
Germany,
Spain, United
Kingdom

118
IG: 60 (50,

65)
CG: 58 (52,

67)

105
(89%)

CAD post MI PAs, ET Smartphone app, tele-
monitoring

Phase 3 follow-up internet-based
training. Mobile station - a wearable
sensor and a smartphone app for
use during exercise. Patient station
- a tablet PC for synchronising data,
delivering educational content, and
messages from HCP. The
Professional System - a Web-based
tool with patient data and
information.

Usual care (as provided in
each country)

Behavioural: Exercise time
Physiological: Total cholesterol,
LDL-C, HDL-C, fasting glucose,
BMI Clinical: Exercise capacity,
QoL, anxiety, depression

Southard et al.
(2003) USA

104
IG: 61.8
(10.6)

CG: 62.8
(10.6)

78
(75%)

CHD PAs, ET, DM,
RFM

Website, email Website with educational modules
and links to related sites. Track
progress using online graphs,
online discussion group for support.
Dietician provides feedback on daily
dietary intake.

Usual care Behavioural: PA, diet, smoking
status

Physiological: Height, weight, BP
Clinical: Functional status, QoL,
depression

Su and Yu
(2021) China

146
IG: 55.53
(7.30)

CG: 56.03
(7.02)

122
(84%)

CHD PAs, ET, DM,
PS, RFM

Face-to-face (1
familiarisation session,
1 group-based
session), smartphone
app, website, tele-
monitoring, email

In-person individualised health
counselling to identify patients’
self-care needs, develop client-
centred goals and action plans.
Group-based engagement session
to orientate participants to platform
and to form a cohesive peer
support group. Web-based platform
with self-monitoring of behavioural
goals and motivational feedback;
experiential learning platform; and
health dialogue forum.

Usual care (10 min didactic
session on medication
usage and lifestyle changes)

Behavioural: PA, health
behaviours, smoking cessation

Physiological: BP, BMI, waist
circumference

Clinical:
Cardiac self- efficacy, HRQoL,
psychological wellbeing, cardiac-
related hospital readmissions,

re-vascularisation,
ED visits
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Tomita (2009)
USA

40
IG: 74.2
(9.7)

CG: 77.5
(7.4)

13
(33%)

HF PAs, ET, DM,
PS, MA, RFM

Face-to-face (1
familiarisation
session), website

Computer and internet provided.
Daily recording of vital signs and
health behaviours on website.
Webpage containing information
on health-related topics, past
records and an automatic alerts for
sudden weight gain. Exercise
instruction delivered via streaming
video. Monthly appraisal support
provided via email.

Usual care (3 month regular
check up with physician for
home-based patients in the
US)

Behavioural: PA
Clinical:
QoL

Varnfield et al.
(2014)
Australia

94
IG: 54.9(9.6)
CG: 56.2
(10.1)

82
(87%)

Post-MI PAs, ET, DM,
PS, MA, RFM

Face-to-face (1
familiarisation
session), smartphone
app, tele-monitoring,
SMS

Smartphone app used for mentoring
and goal setting, daily motivational
messages, educational videos and
relaxation audio, and recording of
self-observations and
measurements via in-build
applications (pedometer and BP
monitor). Mentors review patient
data and provide personalised
feedback and goal setting during
weekly phone consultations.

CBCR (two supervised
exercise and 1 h
educational sessions per
week)

Behavioural: CR uptake, adherence
and completion, PA, diet

Physiological: BP, HR, weight, BMI,
waist circumference, lipid profile,
functional capacity

Clinical: Psychosocial functioning,
depression, anxiety, HRQoL

Vernooij et al.
(2012)
Netherlands

330
IG: 60.7
(7.8)

CG: 59.2
(8.9)

246
(75%)

ACS PAs, RFM Face-to-face (1
familiarisation
session), website,
email

Personalised website allowed risk
factor measurements, drug use,
treatment goal, advice from the
nurse, correspondence between
nurse and patient, and news items
for particular risk factors.

Usual care Behavioural: Smoking status
Physiological: SBP, LDL-C, HDL-C,
triglycerides, BMI,

waist circumference,
type 2 diabetes mellitus, fasting
glucose, glucose lowering drugs

Clinical: Relative change in
Framingham

heart risk score, adverse events
Widmer et al.
(2017) USA

80
IG: 62.5
(10.7)

CG: 63.6
(10.9)

58
(73%)

ACS post PCI PAs, ET, DM Face-to-face (1
familiarisation
session), smartphone
app, website, email

Standard CR and smartphone app/
web-based portal to track health
vitals, complete recommended
daily activities and view educational
modules. Reminders to complete
educational content or log
information. Could contact the
study team via the online program.

CBCR Behavioural: PA, diet, smoking
status

Physiological: Weight, BP, HR,
glucose/HbA1c, lipid profile

Clinical: CVD re-hospitalisations
and ED visits, QoL stress

Wong et al.
(2020) China

438
IG: 52.22
(5.07)

CG: 52.46
(4.72)

289
(66%)

CHD PAs, ET, RFM Face-to-face (1
familiarisation
session), website

Website learning platform with facts
about CHD. Participants could view
educational material, self-monitor
behaviour and vitals, and receive
reminders to log information.

Usual care (routine medical
visit by physician,
educational leaflet, and
recommendation to be
physically active)

Behavioural: PA
Physiological: Total cholesterol,
LDL-C, HDL-C, triglyceride levels,
body weight, BP, BMI

Clinical:
Exercise self-efficacy

(Continued )
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Table 1. Continued.

Author (year),
country

Sample,
Mean age

(SD)
Men
(%) Diagnosis

Intervention
components Mode of delivery Intervention Control Outcomes

Yudi et al.
(2021)
Australia

206
IG: 56.8
(9.9)

CG: 56.2
(10.2)

71
(84%)

CHD PAs, ET, DM,
PS, MA, RFM

Face-to-face (1
familiarisation
session), smartphone
app

Smartphone app provides exercise
prescription, tracking of risk factors,
dietary habits and medications,
cardiac education, personalised
feedback and support.

Usual care (inpatient
cardiology review, pre-
discharge planning, referral
to CBCR, promotion of self-
care and a chest pain action
plan)

Behavioural: Smoking status
Physiological: Fasting lipid levels,
fasting glucose,

Resting BP, weight, BMI, waist
circumference

Clinical: Change in 6MWT, uptake,
adherence and completion of
CR, depression, anxiety, QoL,
time to return to work, major
adverse CVD events, CVD
hospital re-admissions

Zutz et al.
(2007) Canada

15
IG: 58 (4)
CG: 59 (12)

12
(80%)

MI, PCI, CABG PAs, ET, DM,
RFM

Face-to-face (1
familiarisation
session), website, tele-
monitoring, email

vCRP website with weekly
educational content, one-on-one
chat sessions with program nurse
case manager, exercise specialist
and dietician. Participants wore HR
monitors when exercising and
uploaded exercise, weight, BP and
glucose to the vCRP twice weekly.

Usual care Behavioural: PA
Physiological: Lipid profile, LDL-C,
BP, BMI, waist circumference

Clinical: Exercise capacity, self-
efficacy, exercise self-efficacy

Abbreviations: 6MWT, 6-min walk test; ACS, acute coronary syndrome; BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass graft; CAD, coronary artery disease; CBCR, centre-
based cardiac rehabilitation; CG, control group; CHD, coronary heart disease; CHF, chronic heart failure; CPET, cardiopulmonary exercise testing; CR, cardiac rehabilitation; CRV, coronary revascu-
larization; CVD, cardiovascular disease; DM, diet management; ECG, electrocardiogram; ET, exercise training; HF, heart failure; HCP, healthcare professional; HDL-C, high-density lipoprotein choles-
terol; HR, heart rate; HRQoL, health-related quality of life; IG, intervention group; IHD, ischemic heart disease, LDL-C, low-density lipoprotein cholesterol; MA, medication adherence; MI, myocardial
infarction; PA, physical activity; PAs, patient assessment; PATHway, physical activity toward health; PCI, percutaneous coronary intervention; PS, psychosocial support; QoL, quality of life; RCT,
randomised controlled trial; RFM, risk factor management; SBP, systolic blood pressure; SD, standard deviation; vCRP, virtual cardiac rehabilitation programme; VO2, oxygen consumption.
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Table 2. Intervention characteristics with TIDieR headings.

Author
(year) Why? How? Duration Tailoring

How well? Primary outcome

Attrition

Theory

Face
to
face

Smart
phone
app

Web
site Telemonitoring Email SMS

Phone
call

Short:
≤3
mths

Med:
>3
mths

Long:
≥12
mths

Low: 0
-12.99%

Med:
13 -
26%

High:
>26% PA FC Other

Brouwers
et al.
(2021)

✓ ✓ ✓ ✓ ✓ ✓ –

Claes et al.
(2020)

BCW,
SCT

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ +

Devi et al.
(2014)

✓ ✓ ✓ ✓ ✓ ✓ ✓ +

Dorje et al.
(2019)

✓ ✓ ✓ ✓ ✓ ✓ +

Duan et al.
(2018)

HAPA ✓ ✓ ✓ +

Frederix
et al.
(2015)

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ +

Hakala et al.
(2021)

✓ ✓ ✓ ✓ ✓ –

Lear et al.
(2014)

✓ ✓ ✓ ✓ ✓ ✓ +

Lunde et al.
(2020)

TTM ✓ ✓ ✓ ✓ ✓ ✓ ✓ +

Maddison
et al.
(2015)

SET ✓ ✓ ✓ ✓ ✓ –

Maddison
et al.
(2019)

SET,
SDT

✓ ✓ ✓ ✓ ✓ ✓ ✓ –

Park et al.
(2021)

SCT ✓ ✓ ✓ ✓ ? ✓ +

Pfaeffli Dale
et al.
(2015)

CSM,
SCT

✓ ✓ ✓ ✓ ✓ ✓ AHG–

Reid et al.
(2012)

✓ ✓ ✓ ✓ ✓ ✓ ✓ +

✓ ✓ ✓ ✓ –

(Continued )
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Table 2. Continued.

Author
(year) Why? How? Duration Tailoring

How well? Primary outcome

Attrition

Theory

Face
to
face

Smart
phone
app

Web
site Telemonitoring Email SMS

Phone
call

Short:
≤3
mths

Med:
>3
mths

Long:
≥12
mths

Low: 0
-12.99%

Med:
13 -
26%

High:
>26% PA FC Other

Sankaran
et al.
(2019)

FBM,
PSD,
BH

Skobel et al.
(2017)

HBM,
FFT

✓ ✓ ✓ ✓ ✓ +

Southard
et al.
(2003)

✓ ✓ ✓ ✓ ✓ ✓ –†

Su and Yu
(2021)

SCT ✓ ✓ ✓ ✓ ✓ ✓ ✓ +

Tomita
(2009)

TTM,
SST

✓ ✓ ✓ ✓ ? ✓ +†

Varnfield
et al.
(2014)

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ CR
UAC +

Vernooij
et al.
(2012)

✓ ✓ ✓ ✓ ✓ ✓ FRAM
+

Widmer
et al.
(2017)

✓ ✓ ✓ ✓ ✓ ✓ RH –

Wong et al.
(2020)

HBM ✓ ✓ ✓ ✓ ✓ –

Yudi et al.
(2021)

SCT ✓ ✓ ✓ ✓ ✓ +

Zutz et al.
(2007)

✓ ✓ ✓ ✓ ✓ ✓ ✓ +†

Total N = 25
(100%)

13
(52%)

16
(64%)

10
(40%)

18
(72%)

16 (64%) 10
(40%)

8
(32%)

2 (8%) 13
(52%)

7
(28%)

5 (20%) 20 (80%) 11 (44%) 10
(40%)

4
(16%)

†No primary outcome specified
Abbreviations: AHG, adherence to healthy guidelines; BCW, behaviour change wheel; BH, behaviour wizard; CR UAC, cardiac rehabilitation uptake, adherence and completion; CSM, common sense
model; FBM, Fogg’s behaviour model; FC, functional capacity; FFT, Fogg’s functional triad; FRAM, Framingham heart risk score; HAPA, health action process approach; HBM, health belief model; PA,
physical activity; PSD, persuasive systems design model; RH, re-hospitalisations; SCT, social cognitive theory; SDT, self-determination theory; SET, self-efficacy theory; SST, social support theory;
TTM, transtheoretical Model; ✓, present;?, unclear; +, statistically significant difference between groups at study endpoint; –, no statistically significant difference between groups at study
endpoint.
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focused on risk factor management. Risk factor management was a component in 17 studies, diet
management in 16 studies, psychosocial support in eight studies, and medication adherence in
six studies. The control group in the studies included usual care (Claes et al., 2020; Lunde et al.,
2020; Park et al., 2021; Skobel et al., 2017; Dorje et al., 2019; Su & Yu, 2021; Devi et al., 2014; Sankaran
et al., 2019; Vernooij et al., 2012; Reid et al., 2012; Southard et al., 2003; Zutz et al., 2007; Tomita, 2009;
Lear et al., 2014; Yudi et al., 2021), centre-based CR (Brouwers et al., 2021; Frederix et al., 2015; Hakala
et al., 2021; Maddison et al., 2015; Maddison et al., 2019; Pfaeffli Dale et al., 2015; Varnfield et al., 2014;
Widmer et al., 2017; Wong et al., 2020), and usual care followed by a waiting control group (Duan
et al., 2018).

Intervention provider (who)
Sixteen interventions were delivered by healthcare professionals such as nurses (n = 10) (Vernooij et
al., 2012; Duan et al., 2018; Su & Yu, 2021; Wong et al., 2020; Devi et al., 2014; Hakala et al., 2021;
Sankaran et al., 2019; Southard et al., 2003; Zutz et al., 2007; Lear et al., 2014), cardiologists (n = 4)
(Brouwers et al., 2021; Dorje et al., 2019; Frederix et al., 2015; Sankaran et al., 2019), dieticians (n
= 4) (Lear et al., 2014; Hakala et al., 2021; Southard et al., 2003; Zutz et al., 2007), psychologists (n
= 2) (Brouwers et al., 2021; Hakala et al., 2021), physiotherapists (n = 3) (Lunde et al., 2020; Brouwers
et al., 2021; Sankaran et al., 2019), and general practitioners (n = 1) (Brouwers et al., 2021). Interven-
tions were also delivered by non-healthcare professionals including members of the research team
(n = 4) (Claes et al., 2020; Park et al., 2021; Pfaeffli Dale et al., 2015; Widmer et al., 2017), exercise
specialists (n = 4) (Hakala et al., 2021; Maddison et al., 2019; Reid et al., 2012; Zutz et al., 2007), IT
specialists (n = 2) (Frederix et al., 2015; Hakala et al., 2021), and mentors (n = 1) (Varnfield et al.,
2014). One intervention had no provider and was instead delivered exclusively via automated
SMS text messages and a website (Maddison et al., 2015). Seven interventions were delivered by
more than one provider (Brouwers et al., 2021; Frederix et al., 2015; Hakala et al., 2021; Sankaran
et al., 2019; Southard et al., 2003; Zutz et al., 2007; Lear et al., 2014).

Mode of delivery (how)
Websites were the most frequently used mode of delivery, involved in delivering 18 interventions
(Claes et al., 2020; Duan et al., 2018; Su & Yu, 2021; Wong et al., 2020; Brouwers et al., 2021; Devi
et al., 2014; Frederix et al., 2015; Hakala et al., 2021; Vernooij et al., 2012; Reid et al., 2012; Southard
et al., 2003; Widmer et al., 2017; Zutz et al., 2007; Tomita, 2009; Lear et al., 2014; Maddison et al., 2015;
Maddison et al., 2019; Pfaeffli Dale et al., 2015). They were typically used to enable participants to
record their physical activity and health behaviours, receive health education and feedback on
their performance and host discussion forums. Smartphone applications were used similarly in
ten studies (Dorje et al., 2019; Lunde et al., 2020; Maddison et al., 2019; Park et al., 2021; Sankaran
et al., 2019; Skobel et al., 2017; Su & Yu, 2021; Varnfield et al., 2014; Widmer et al., 2017; Yudi
et al., 2021). Telemonitoring devices were featured in 16 studies. Types of devices included acceler-
ometers (Brouwers et al., 2021; Claes et al., 2020; Devi et al., 2014; Frederix et al., 2015; Hakala et al.,
2021; Park et al., 2021), heart rate monitors (Brouwers et al., 2021; Claes et al., 2020; Dorje et al., 2019;
Lear et al., 2014; Maddison et al., 2019; Zutz et al., 2007), blood pressure monitors (Claes et al., 2020;
Dorje et al., 2019; Lear et al., 2014; Varnfield et al., 2014; Zutz et al., 2007), pedometers (Dorje et al.,
2019; Pfaeffli Dale et al., 2015; Reid et al., 2012; Su & Yu, 2021; Varnfield et al., 2014), chest wearable
sensors (Maddison et al., 2019; Skobel et al., 2017) and an ECG (Claes et al., 2020; Maddison et al.,
2019). Ten studies used email (Claes et al., 2020; Lunde et al., 2020; Devi et al., 2014; Frederix
et al., 2015; Vernooij et al., 2012; Reid et al., 2012; Southard et al., 2003; Widmer et al., 2017; Zutz
et al., 2007; Tomita, 2009), while SMS text messages were used eight studies (Claes et al., 2020;
Dorje et al., 2019; Frederix et al., 2015; Maddison et al., 2015; Maddison et al., 2019; Park et al.,
2021; Pfaeffli Dale et al., 2015; Varnfield et al., 2014). These modes of delivery were typically used
to provide advice and support, give feedback on performance, support goal achievement, and
answer questions from participants. Two studies used phone calls, one to facilitate communication
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between the intervention provider and participants (Southard et al., 2003), and another to hold a
weekly consultation with patients to review patient data and provide personalised feedback
(Varnfield et al., 2014). Many studies (n = 16) also included a face-to-face component. These sessions
typically occurred once at the beginning of the intervention to provide participants with equipment
and training on its use or to tailor the intervention to the participants’ needs (Devi et al., 2014; Fre-
derix et al., 2015; Lear et al., 2014; Lunde et al., 2020; Reid et al., 2012; Su & Yu, 2021; Tomita, 2009;
Varnfield et al., 2014; Vernooij et al., 2012; Widmer et al., 2017; Wong et al., 2020; Yudi et al., 2021). In
some cases, studies extended the face-to-face familiarisation sessions over two (Su & Yu, 2021), four
(Claes et al., 2020), or six (Hakala et al., 2021) sessions, while one study (Hakala et al., 2021) held three
five-day inpatient sessions at the beginning, middle (month 6), and end of the intervention (month
12). Overall, studies were delivered using an average of 2.6 modes of delivery. Only four studies deliv-
ered an intervention using a single form of technology (Duan et al., 2018; Sankaran et al., 2019; Wong
et al., 2020; Yudi et al., 2021).

Location (where)
All interventions were conducted in the participants’ homes. However, several interventions (n = 15)
held initial training sessions at CR centres (n = 4) (Claes et al., 2020; Frederix et al., 2015; Hakala et al.,
2021; Widmer et al., 2017), hospitals (n = 3) (Reid et al., 2012; Su & Yu, 2021; Yudi et al., 2021), and
outpatient clinics (n = 2) (Brouwers et al., 2021; Vernooij et al., 2012). One intervention conducted
the initial session in the participants’ homes (Devi et al., 2014), and six interventions did not
specify where these sessions took place (Lear et al., 2014; Lunde et al., 2020; Tomita, 2009;
Varnfield et al., 2014; Wong et al., 2020; Zutz et al., 2007).

Duration and number of sessions (when and how much)
The duration of the supervised intervention period ranged from 6 weeks (Devi et al., 2014) to 16
months (Lear et al., 2014). More than half of the interventions (n = 13) were considered short in dur-
ation (≤3 months) (Brouwers et al., 2021; Devi et al., 2014; Duan et al., 2018; Frederix et al., 2015; Mad-
dison et al., 2019; Park et al., 2021; Pfaeffli Dale et al., 2015; Sankaran et al., 2019; Su & Yu, 2021;
Varnfield et al., 2014; Widmer et al., 2017; Yudi et al., 2021; Zutz et al., 2007), seven were medium
(> 3 months) (Claes et al., 2020; Skobel et al., 2017; Dorje et al., 2019; Wong et al., 2020; Reid
et al., 2012; Southard et al., 2003; Maddison et al., 2015), and five were long (≥12 months) (Hakala
et al., 2021; Lear et al., 2014; Lunde et al., 2020; Tomita, 2009; Vernooij et al., 2012).

Intervention tailoring
Almost all interventions (n = 20) included some form of tailoring. This usually involved individualised
exercise prescription based on an initial assessment, tailored goals relating to health behaviours such
as exercise, diet and smoking, and individualised feedback based on performance.

Adherence and attrition (how well)
Attrition (drop out) in the trials was low (<13%) in 11 studies (Lunde et al., 2020; Brouwers et al., 2021;
Devi et al., 2014; Frederix et al., 2015; Hakala et al., 2021; Vernooij et al., 2012; Southard et al., 2003;
Widmer et al., 2017; Lear et al., 2014; Maddison et al., 2015; Pfaeffli Dale et al., 2015), medium (13-
26%) in ten (Claes et al., 2020; Dorje et al., 2019; Maddison et al., 2019; Park et al., 2021; Sankaran
et al., 2019; Su & Yu, 2021; Tomita, 2009; Wong et al., 2020; Yudi et al., 2021; Zutz et al., 2007),
and high (>26%) in four (Duan et al., 2018; Reid et al., 2012; Skobel et al., 2017; Varnfield et al.,
2014). Intervention adherence was measured using application/website logins, completion of
tasks, data uploads, number of chat sessions attended, and feedback surveys.
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TIDieR coding

Completeness of reporting in the studies among the TIDieR items ranged from 42% (n = 5) (Duan
et al., 2018) to 92% (n = 11) (Claes et al., 2020; Pfaeffli Dale et al., 2015), with an average of eight
out of the 12 items on the checklist being adequately reported in the studies. The most well-reported
item was the mode of delivery (item 6), described in all studies. Next was a brief description (item 1;
n = 21; 84%), followed by rationale (item 2) and tailoring (item 9) which were each reported in 20
studies (80%). Only one study included in the review reported modifications to the intervention
(item 10) (Southard et al., 2003). The intervention materials (item 3) were adequately described in
6 studies (24%), and unclear in 18 (72%). The unclear rating was given as the intervention materials
were not provided or described in sufficient detail to enable replication. For example, many interven-
tions that included an educational component rarely provided the exact content that was presented
to participants. The assessment of intervention adherence or fidelity (item 11) was reported in 9
studies (36%). The remaining items were adequately reported in 60% or more of the studies. A
summary of the completeness of reporting of the TIDieR items in the studies is presented in
Table 3.

Risk of bias of included studies

The risk of bias assessment is summarised in Figure 2. The risk of bias was low in eight studies (32%),
of some concern in 14 studies (52%), and high in three studies (16%).

The high risk of bias in two studies was due to high rates of attrition and failure to use intention to
treat analysis (Duan et al., 2018; Skobel et al., 2017), while in the third study an objective measure of
daily steps (e.g., pedometer) was used in the intervention group and a self-reported measure (steps
diary) was used in the control group (Park et al., 2021). The risk of bias assessment for each domain of
the included studies can be found in the supplementary file (Supplementary Figure 2).

Outcomes

Of the included studies, physical activity (Brouwers et al., 2021; Claes et al., 2020; Devi et al., 2014;
Duan et al., 2018; Hakala et al., 2021; Park et al., 2021; Reid et al., 2012; Su & Yu, 2021; Wong
et al., 2020) and functional capacity (Dorje et al., 2019; Frederix et al., 2015; Lear et al., 2014;
Lunde et al., 2020; Maddison et al., 2015; Maddison et al., 2019; Sankaran et al., 2019; Skobel
et al., 2017; Yudi et al., 2021) were the most frequently reported primary outcomes, each used in
nine studies. Other primary outcomes included the Framingham heart risk score (Vernooij et al.,
2012), adherence to healthy guidelines (Pfaeffli Dale et al., 2015), re-hospitalisations (Widmer
et al., 2017), and CR uptake, adherence and completion rates (Varnfield et al., 2014). Three studies
did not specify a primary outcome (Southard et al., 2003; Zutz et al., 2007; Tomita, 2009), but of
the studies that did, 64% (14/22) reported a statistically significant difference in favour of the inter-
vention group. A summary of the effectiveness of primary outcomes is presented in Table 2.

Behavioural outcomes

Physical activity
Physical activity was included as an outcome in 22 studies. Ten studies used objective measures such
as accelerometers (Brouwers et al., 2021; Claes et al., 2020; Devi et al., 2014; Frederix et al., 2015;
Hakala et al., 2021; Maddison et al., 2019; Park et al., 2021; Skobel et al., 2017) or pedometers
(Reid et al., 2012; Su & Yu, 2021). The remaining studies used self-reported measures, including
the International Physical Activity Questionnaire (IPAQ) (Dorje et al., 2019; Duan et al., 2018; Frederix
et al., 2015; Hakala et al., 2021; Maddison et al., 2015; Sankaran et al., 2019; Su & Yu, 2021), the Min-
nesota Leisure Time Physical Activity Questionnaire (Lear et al., 2014; Zutz et al., 2007) and the Godin-
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Table 3. TIDieR reporting in each study.

Brouwers
et al.
(2021)

Claes
(2020)

Devi
et al.
(2014)

Dorje
et al.
(2019)

Duan
et al.
(2018)

Frederix
et al.
(2015)

Hakala
et al.
(2021)

Lear
et al.
(2014)

Lunde
et al.
(2020)

Maddison
et al.
(2015)

Maddison
et al.
(2019)

Park
et al.
(2021)

Pfaeffli
Dale
et al.
(2015)

Reid
et al.
(2012)

Sankaran
et al.
(2019)

Skobel
et al.
(2017)

Southard
et al.
(2003)

Su
and
Yu

(2021)
Tomita
(2009)

Varnfield
et al.
(2014)

Vernooij
et al.
(2012)

Widmer
et al.
(2017)

Wong
et al.
(2020)

Yudi
et al.
(2021)

Zutz
et al.
(2007)

Total N =
25 (100%)

1. Brief name Y Y Y Y N Y N Y N Y Y Y Y Y Y Y Y Y Y Y N Y Y Y Y 21 (84%)
2. Why Y Y Y Y Y Y N N Y Y Y Y Y ? Y Y Y Y Y Y Y Y Y ? ? 20 (80%)
3. What (materials) Y Y ? ? N ? ? ? Y ? ? ? Y ? ? ? ? ? ? ? Y ? Y ? ? 6 (24%)
4. What (procedure) Y Y Y Y ? Y Y Y Y Y Y Y Y Y ? ? ? Y Y Y Y ? Y Y ? 19 (76%)
5. Who provided ? Y ? Y ? Y Y Y Y Y Y Y Y Y ? N Y Y ? ? Y Y Y N Y 17 (60%)
6. How Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 25 (100%)
7. Where Y Y Y Y Y Y Y ? ? Y Y Y Y Y Y Y Y Y ? ? Y Y ? Y ? 19 (76%)
8. When and how

much
Y Y ? Y Y Y ? ? Y Y Y Y Y Y N Y ? Y ? Y Y ? Y Y ? 17 (60%)

9. Tailoring Y Y Y Y N Y N Y Y Y Y ? Y Y Y Y Y Y ? Y Y N Y Y Y 20 (80%)
10. Modifications N N N N N N N N N N N N N N N N Y N N N N N N N N 1 (4%)
11. How well

(planned)
Y Y Y Y N N Y N N N N Y Y N N Y N Y N Y N N N N N 9 (36%)

12. How well
(actual)

? Y Y Y Y Y Y Y Y Y Y N Y Y ? Y Y Y Y Y Y Y N Y Y 21 (84%)

Total N = 12 (100%) 9
(75%)

11
(92%)

8
(66%)

10
(83%)

5
(42%)

9
(75%)

6
(50%)

7
(58%)

9
(75%)

9
(75%)

9
(75%)

8
(66%)

11
(92%)

8
(66%)

5
(42%)

8
(66%)

8
(66%)

10
(83%)

6
(50%)

9
(75%)

9
(75%)

6
(50%)

9
(75%)

7
(58%)

6
(50%)
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Shephard Leisure-Time Physical Activity Questionnaire (Reid et al., 2012; Wong et al., 2020). Due to
variation in how studies reported and defined acceptable levels of physical activity, separate meta-
analyses were performed for daily steps, light physical activity (LPA) and moderate to vigorous phys-
ical activity (MVPA).

Comparing digital CR to usual care, data pooling found that participants receiving digital CR
reported significantly higher daily steps (n = 6; SMD 0.31, 95% CI = 0.10–0.51, I2 = 37%; P = .003;
Figure 3a) and LPA undertaken at 3–12 months post-intervention (n = 6; SMD 0.29, 95% CI = 0.08–
0.50, I2 = 15%; P = .006; Figure 3b). There was no evidence of a difference in MVPA between
digital CR and usual care (n = 3; SMD 0.13, 95% CI = –0.06–0.33, I2 = 0%; P = .19; Figure 3c).
Between digital CR and centre-based CR, no statistically significant differences in LPA (n = 5; SMD
0.19, 95% CI = –0.10–0.48, I2 = 76%; P = .20; Figure 3b), or MVPA were observed (n = 3; SMD – 0.04,
95% CI = –0.34–0.26, I2 = 44%; P = .77; Figure 3c).

Data from five studies were not included in the meta-analysis due to the unavailability of mean
and standard deviation units, and so instead were narratively synthesised. Of the studies comparing
digital CR to usual care, two studies observed that digital CR produced significant improvements in
self-reported MVPA (P = .003) at eight weeks (Duan et al., 2018) and self-reported total physical
activity (vigorous, moderate and walking) (P = .015) at 12 weeks (Su & Yu, 2021). A third study
(Tomita, 2009) found that participants in the digital CR group self-reported engaging in a signifi-
cantly greater amount of exercise than those receiving usual care (P <.001). When comparing
digital CR and centre-based CR, Maddison et al. (Maddison et al., 2015) found significantly higher
self-reported leisure-time physical activity (MD 110.2 min/week, 95% CI = 0.8–221.3; P = .05) and
walking (MD 151.4 min/week, 95% CI = 27.6–275.2; P = .02) in the digital CR group at 24 weeks,
while Frederix et al. (Frederix et al., 2015) reported no significant difference in daily steps
between the intervention and control groups.

Diet management
Seven studies included diet as an outcome, each of which used a different measure. Due to this vari-
ation in measurement, outcomes could not be pooled quantitatively and so were instead syn-
thesised narratively. Five studies compared the effects of digital CR to usual care. Two studies
(Duan et al., 2018; Lear et al., 2014) reported that participants receiving digital CR made significant
improvements in their diet, while the remaining three studies found no significant between-group
differences (Claes et al., 2020; Devi et al., 2014; Southard et al., 2003). Of the two studies that com-
pared digital CR to centre-based CR, one reported a significant improvement in favour of digital CR
(Widmer et al., 2017), while the other study found no statistically significant difference (Varnfield
et al., 2014).

Figure 2. Risk of bias assessment in the included studies.
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Smoking
Smoking was included as an outcome in nine studies and was measured in all via self-report. Data
pooling from six studies revealed no significant difference between intervention and usual care in
the overall smoking event rate at 2–12 months of follow up (RR 0.92, 95% CI = 0.65–1.30, I2 = 16%;
P = .62; Figure 3d). Of the studies not included in the pooled analysis, Su et al. (Su & Yu, 2021)
reported significantly higher rates of smoking cessation in the digital CR group versus usual care
(P = .04) at 12 weeks. Two studies did not report results on this outcome (Claes et al., 2020;
Widmer et al., 2017).

Figure 3. Forest plots of the effect of digital cardiac rehabilitation on behavioural outcomes.
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Medication adherence
Three studies investigated the effects of digital CR on medication adherence. Outcomes were not
pooled for meta-analysis due to significant heterogeneity (I2 = 80%; p <.001). Two studies measured
medication adherence using the Morisky 8-item Medication Adherence Questionnaire. One found
that the intervention group reported significantly greater adherence at 6 months compared with
those receiving centre-based CR (MD 0.58, 95% CI = 0.19–0.97; P = .004) (Pfaeffli Dale et al., 2015),
while a second reported no statistically significant difference between the intervention group and
usual care at 6 months (Claes et al., 2020). Another study by Dorje et al. (Dorje et al., 2019) measured
adherence to four core cardioprotective medications (aspirin, angiotensin-converting-enzyme
inhibitor or angiotensin-receptor blocker, β-blocker, and statin) and found that patients in the inter-
vention group were more likely to be adherent than those receiving usual care at 6 months (OR =
1.79, 95% CI = 1.76–1.87; P = .019), and 12 months (OR = 1.82, 95% CI = 1.78–1.93; P = .011).

Clinical outcomes

Functional capacity
Functional or exercise capacity was included as an outcome in 13 studies. A variety of metrics were
reported for this outcome including peak aerobic capacity (VO2 peak) (Claes et al., 2020; Frederix
et al., 2015; Lunde et al., 2020; Maddison et al., 2019; Skobel et al., 2017), maximal time on a treadmill
exercise test (Lear et al., 2014; Zutz et al., 2007), and walking distance (Dorje et al., 2019; Park et al.,
2021; Varnfield et al., 2014; Yudi et al., 2021), measured by cardiopulmonary exercise testing (CPET),
the Bruce protocol, and 6-minute walk test (6MWT) distance respectively.

Data pooling from eight studies revealed that digital CR significantly improved functional
capacity when compared usual care (SMD 0.23, 95% CI = 0.10–0.37, I2 = 0%; P <.001; Figure 4a).
However, when compared with centre-based CR no statistically significant difference was observed
(SMD 0.10, 95% CI = –0.11–0.31, I2 = 0%; P = .34; Figure 4a). Two studies were not included in the
meta-analysis due to the unavailability of mean and standard deviation units. They found no statisti-
cally significant differences in functional capacity between digital CR and usual care (Sankaran et al.,
2019) or centre-based CR (Maddison et al., 2019).

Quality of life
QoL was reported using validated measures in 16 studies. The measures included five generic instru-
ments: the Euro-QoL-5D (EQ-5D) (Lunde et al., 2020; Maddison et al., 2015; Maddison et al., 2019;
Sankaran et al., 2019; Skobel et al., 2017; Yudi et al., 2021), the Medical Outcomes Study Short
Form (SF) 36 (Claes et al., 2020; Maddison et al., 2015; Yudi et al., 2021) and 12 (Dorje et al., 2019),
the World Health Organisation’s QoL questionnaire (WHOQoL) (Duan et al., 2018), the Dartmouth
Cooperative Functional Assessment Charts QoL (Dartmouth COOP) (Southard et al., 2003), the Dart-
mouth QoL survey (Widmer et al., 2017) and two disease-specific instruments: the MacNew heart

Figure 3. Continued.
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disease QoL (MacNew) (Brouwers et al., 2021; Devi et al., 2014; Reid et al., 2012; Su & Yu, 2021), and
the HeartQoL (Frederix et al., 2015; Lunde et al., 2020).

Data could not be pooled in a meta-analysis due to significant heterogeneity (I2 = 87%; P = <.001),
thus a narrative synthesis was performed. Ten studies compared digital CR to usual care. Four studies
reported a statistically significant improvement in QoL in favour of digital CR (Claes et al., 2020; Dorje
et al., 2019; Sankaran et al., 2019; Skobel et al., 2017; Yudi et al., 2021). One study found no between-
group differences but reported a significant improvement in QoL from baseline in the intervention
group (Lunde et al., 2020). The remaining five studies found no statistically significant differences
between those receiving digital CR and usual care (Claes et al., 2020; Dorje et al., 2019; Sankaran
et al., 2019; Skobel et al., 2017; Yudi et al., 2021). Six studies compared digital CR to centre-based
CR. Four studies reported statistically significant between-group differences in QoL in favour of
digital CR (Frederix et al., 2015; Maddison et al., 2015; Varnfield et al., 2014; Widmer et al., 2017),
one study reported significant improvements from baseline within the intervention group (Brouwers
et al., 2021), and one study found no statistically significant difference between the groups (Maddi-
son et al., 2019).

Figure 4. Forest plots of the effect of digital cardiac rehabilitation on clinical outcomes.
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Depression and anxiety
Depression was evaluated in ten studies using the Patient Health Questionnaire (PHQ-9) (Brouwers
et al., 2021; Claes et al., 2020; Dorje et al., 2019; Park et al., 2021), the Hospital Anxiety and
Depression Scale (HADS) (Devi et al., 2014; Pfaeffli Dale et al., 2015; Skobel et al., 2017), Beck’s
Depression Inventory (Southard et al., 2003), the Cardiac Depression Scale (Yudi et al., 2021),
the Centre for Epidemiological Studies-Depression (CES-D) (Duan et al., 2018), the Depression,
Anxiety and Stress Scale (DASS) (Varnfield et al., 2014), and the Depression Scale-Short
Form (Yudi et al., 2021). Data pooling revealed no significant difference between digital CR and
usual care (n = 5; SMD 0.10, 95% CI = –0.14–0.33, I2 = 47%; P = .43; Figure 4b) or centre-based CR

Figure 4. Continued.
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(n = 3; SMD –0.01, 95% CI = –0.19–0.17, I2 = 0%; P = .93; Figure 4b). Two studies not included in the
meta-analysis due to unavailability of mean and standard deviation found no statistically signifi-
cant difference between digital CR and usual care (Duan et al., 2018; Southard et al., 2003).

Anxiety was included as an outcome in seven studies. It was measured using the HADS (Devi
et al., 2014; Pfaeffli Dale et al., 2015; Skobel et al., 2017; Yudi et al., 2021), the General Anxiety
Disorder scale (GAD-7) (Brouwers et al., 2021; Dorje et al., 2019), and the DASS (Varnfield et al.,
2014). Meta-analysis of six studies found no statistically significant difference between digital CR
and usual care (n = 4; SMD –0.05, 95% CI = –0.20–0.11, I2 = 0%; P = .58; Figure 4c) or centre-based
CR (n = 2; SMD 0.19, 95% CI = –0.23–0.62, I2 = 75%; P = .37; Figure 4c). One study not included in
the pooled analysis reported no significant between-group difference between digital CR and
centre-based CR (Varnfield et al., 2014).

Cardiac-related re-hospitalisation and mortality
Cardiac-related re-hospitalisations were reported in five studies, with the comparison being
usual care in four studies (Su & Yu, 2021; Reid et al., 2012; Southard et al., 2003; Yudi et al.,
2021) and centre-based CR in one study (Widmer et al., 2017). Data pooling of four studies
revealed no significant difference between digital CR and usual care in cardiac-related re-hos-
pitalisation 3–12 months following the intervention (RR 0.69, 95% CI = 0.39–1.22, I2 = 0%; P
= .20; Figure 4d). Similarly, Widmer et al. (Widmer et al., 2017) compared the effects of digital
CR to centre-based CR and found no statistically significant difference in this outcome six
months post-intervention.

Mortality was included as an outcome in five studies, with the comparison in all being usual care.
Data pooling revealed no significant difference between digital CR and usual care 12–16 months
post-intervention (RR 0.56, 95% CI = 0.15–2.06, I2 = 0%; P = .39; Figure 4e).

Physiological outcomes

Pooling of quantitative data 2–12 months post intervention revealed low-density lipoprotein-
cholesterol (LDL-C) was significantly improved in the digital CR group when compared to
usual care (n = 9; SMD −0.18, 95% CI = −0.30 to −0.05, I2 = 13%; P = .006), but not when com-
pared to centre-based CR (n = 4; SMD 0.13, 95% CI = −0.22–0.47, I2 = 61%; P = .47). No significant
differences between digital CR and usual care or centre-based CR were observed on systolic
blood pressure, diastolic blood pressure, total cholesterol, high-density lipoprotein-cholesterol,
triglycerides, body mass index (BMI), and weight. Forest plots for the physiological outcomes
can be found in Figure 5 (a-h).

Sensitivity analysis

The removal of three studies (Claes et al., 2020; Lunde et al., 2020; Skobel et al., 2017) that recruited
patients who had previously completed a CR programme revealed that digital CR no longer signifi-
cantly improved LPA when compared to usual care (n = 3; SMD 0.27, 95% CI =−0.02–0.57, I2 = 0%;
P = .07). However, when these studies were added to the centre-based CR comparison group
the effect of digital CR on LPA became statistically significant (n = 8; SMD 0.22, 95% CI = 0.00–
0.44, I2 = 68%; P = .05). Forest plots of the behavioural, clinical, and physiological outcomes for the
sensitivity analysis can be found in Supplementary Figure 3.

Behaviour change techniques

A total of 37 unique BCTs of a possible 93 in the taxonomy (Michie et al., 2013) were identified
in the 25 interventions. BCTs were explicitly named using BCT taxonomy labels in four studies
(Claes et al., 2020; Devi et al., 2014; Maddison et al., 2019; Pfaeffli Dale et al., 2015), and were
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coded in the remaining 21 studies. Interventions used an average of 8.2 BCTs (SD = 5.37; range
3–23). The coded BCTs belonged to 14 of 16 possible groups. The most common BCT group was
‘feedback and monitoring’, which compromised 29% of all coded BCTs. This was followed by
‘goals and planning’ (23%), ‘natural consequences’ (9%), and ‘social support’ (8%). The two
groups that were not coded were ‘scheduled consequences’, and ‘covert learning’. The most fre-
quently coded BCTs were 2.3 self-monitoring of behaviour (n = 21; 84%), 2.2 feedback on behav-
iour (n = 17; 68%), 5.1 information about health consequences (n = 16; 64%), 7.1 prompts/cues
(n = 14; 56%) and 1.1 goal-setting (behaviour) (n = 13; 52%). Table 4 presents the frequency of
BCTs coded in each study.

Figure 5. Forest plots of the effect of digital cardiac rehabilitation on physiological outcomes.
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Behaviour change techniques in effective interventions by outcome

A complete list of BCTs used in effective and non-effective interventions stratified by outcome is pre-
sented in Table 5. Of the studies that included physical activity as an outcome, 11 (55%) reported a
statistically significant improvement in favour of digital CR (Balady et al., 2007; Chong et al., 2021; De
Vos et al., 2013; Goodwin et al., 2016; Kotseva & Wood, 2018; Ramachandran et al., 2021; Smith et al.,
2011; Thomas et al., 2019; Turk-Adawi & Grace, 2014; WHO, 2021; Zheng et al., 2019). The most com-
monly used BCTs in effective interventions were 2.3 self-monitoring of behaviour (n = 8, 73%), 5.1
information about health consequences (n = 7, 64%), 2.2 feedback on behaviour (n = 7, 64%), 1.1
goal-setting (behaviour) (n = 6, 55%), and 3.1 social support (unspecified) (n = 5, 45%). Five BCTs

Figure 5. Continued.
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were identified more often in effective interventions than in non-effective interventions. These were
1.2 problem solving (identified in 36% of effective interventions versus 11% of non-effective inter-
ventions), 3.1 social support (unspecified) (45% versus 22%), 3.2 social support (practical) (27%
versus 11%), 5.1 information about health consequences (64% versus 44%), and 6.1 demonstration
of the behaviour (27% versus 0%). Furthermore, interventions effective at improving physical activity
were more frequently theory-based (64% versus 44%), used email (64% versus 22%), websites (82%
versus 67%), telemonitoring devices (73% versus 56%) and face-to-face sessions (73% versus 56%) as
modes of delivery, and provided participants with motivational messages (45% versus 11%) and per-
sonalised feedback (73% versus 56%).

Regarding diet, three (43%) of the seven studies that included diet as an outcome reported a sig-
nificant improvement in the intervention group (Anderson et al., 2017; Piepoli et al., 2016; Zheng
et al., 2019). The most commonly used BCTs to target diet in these interventions included 1.3
goal-setting (outcome) (n = 2, 66%), 2.2 feedback on behaviour (n = 2, 66%), and 5.1 information
about health consequences (n = 2, 66%). Effective interventions also more frequently allowed

Figure 5. Continued.
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participants to ask questions (67% versus 50%). Two studies (33%) reported significant improve-
ments in smoking (Ramachandran et al., 2021; Su et al., 2020). The interventions in both studies tar-
geted smoking using the BCTs 2.3 self-monitoring of behaviour, 5.1 information about health
consequences, and 7.1 prompts/cues. Finally, two studies (67%) reported significant improvements
in medication adherence in favour of the intervention group (Dibben et al., 2021; Ghisi et al., 2021).
The interventions in these two studies included the BCTs 5.1 information about health conse-
quences, and 7.1 prompts/cues.

Discussion

This systematic review and meta-analysis seeks to develop a greater understanding of not only the
effectiveness of digital CR interventions but also the components and characteristics of these inter-
ventions by exploring the relationships between these features and programme effectiveness.
Adopting the use of tools such as the TIDieR checklist and the behaviour BCT taxonomy (v1)

Figure 5. Continued.
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Table 4. Frequency of BCTs in the interventions.

BCT
no. BCT Label

Brouwers
et al.
(2021)

Claes
et al.
(2020)

Devi
et al.
(2014)

Dorje
et al.
(2019)

Duan
et al.
(2018)

Frederix
et al.
(2015)

Hakala
et al.
(2021)

Lear
et al.
(2014)

Lunde
et al.
(2020)

Maddison
et al.
(2015)

Maddison
et al.
(2019)

Park
et al.
(2021)

Pfaeffli
Dale
et al.
(2015)

Reid
et al.
(2012)

Sankaran
et al.
(2019)

Skobel
et al.
(2017)

Southard
et al.
(2003)

Su
and
Yu

(2021)
Tomita
(2009)

Varnfield
et al.
(2014)

Vernooij
et al.
(2012)

Widmer
et al.
(2017)

Wong
et al.
(2020)

Yudi
et al.
(2021)

Zutz
et al.
(2007)

Total
N = 25
(100%)

2.3 Self-monitoring
of behaviour

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 21
(84%)

2.2 Feedback on
behaviour

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 17
(68%)

5.1 Information
about health
consequences

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 16
(64%)

7.1 Prompts/cues ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 14
(56%)

1.1 Goal setting
(behavior)

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 13
(52%)

2.4 Self-monitoring
of outcome(s)
of behaviour

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 10
(40%)

1.3 Goal setting
(outcome)

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 9
(36%)

8.7 Graded tasks ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 9
(36%)

3.1 Social support
(unspecified)

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 8
(32%)

1.4 Action planning ✓ ✓ ✓ ✓ ✓ ✓ ✓ 7
(28%)

1.5 Review behavior
goal(s)

✓ ✓ ✓ ✓ ✓ ✓ ✓ 7
(28%)

4.1 Instruction on
how to
perform the
behavior

✓ ✓ ✓ ✓ ✓ ✓ ✓ 7
(28%)

1.2 Problem solving ✓ ✓ ✓ ✓ ✓ ✓ 6
(24%)

2.7 Feedback on
outcome(s) of
behavior

✓ ✓ ✓ ✓ ✓ ✓ 6
(24%)

2.6 Biofeedback ✓ ✓ ✓ ✓ ✓ 5
(20%)

3.2 Social support
(practical)

✓ ✓ ✓ ✓ ✓ 5
(20%)

9.1 Credible source ✓ ✓ ✓ ✓ ✓ 5
(20%)

3.3 Social support
(emotional)

✓ ✓ ✓ ✓ 4
(16%)

6.1 Demonstration
of the
behavior

✓ ✓ ✓ ✓ 4
(16%)

10.4. Social reward ✓ ✓ ✓ ✓ 4
(16%)

1.6 Discrepancy
between
current

✓ ✓ ✓ 3
(12%)

(Continued )
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Table 4. Continued.

BCT
no. BCT Label

Brouwers
et al.
(2021)

Claes
et al.
(2020)

Devi
et al.
(2014)

Dorje
et al.
(2019)

Duan
et al.
(2018)

Frederix
et al.
(2015)

Hakala
et al.
(2021)

Lear
et al.
(2014)

Lunde
et al.
(2020)

Maddison
et al.
(2015)

Maddison
et al.
(2019)

Park
et al.
(2021)

Pfaeffli
Dale
et al.
(2015)

Reid
et al.
(2012)

Sankaran
et al.
(2019)

Skobel
et al.
(2017)

Southard
et al.
(2003)

Su
and
Yu

(2021)
Tomita
(2009)

Varnfield
et al.
(2014)

Vernooij
et al.
(2012)

Widmer
et al.
(2017)

Wong
et al.
(2020)

Yudi
et al.
(2021)

Zutz
et al.
(2007)

Total
N = 25
(100%)

behaviour and
goal

10.10 Reward
(outcome)

✓ ✓ ✓ 3
(12%)

11.2 Reduce negative
emotions

✓ ✓ ✓ 3
(12%)

6.2 Social
comparison

✓ ✓ 2 (8%)

8.6 Generalisation of
target
behaviour

✓ ✓ 2 (8%)

15.1 Verbal
persuasion
about
capability

✓ ✓ 2(8%)

15.3 Focus on past
success

✓ ✓ 2 (8%)

1.7 Review outcome
goal(s)

✓ 1 (4%)

2.1 Monitoring of
behavior by
others without
feedback

✓ 1 (4%)

5.6 Information
about
emotional
consequences

✓ 1 (4%)

8.1 Behavioural
practice/
rehearsal

✓ 1 (4%)

10.2 Material reward ✓ 1 (4%)
10.3 Non-specific

reward
✓ 1 (4%)

10.9 Self-reward ✓ 1 (4%)
11.1 Pharmacological

support
✓ 1 (4%)

12.2 Restructuring the
social
environment

✓ 1 (4%)

13.2 Framing/
reframing

✓ 1 (4%)

Total number of
BCTs

6 23 8 13 9 6 5 4 4 7 24 4 15 5 4 7 5 12 9 7 4 8 6 7 3
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Table 5. Frequency of BCTs in effective and non-effective interventions stratified by outcome.

Physical activity (N = 20) Diet (N = 7) Smoking (N = 6)
Medication adherence

(N = 3)

Effective
(N = 11)

Non-
effective
(N = 9)

Effective
(N = 3)

Non-
effective
(N = 4)

Effective
(N = 2)

Non-
effective
(N = 4)

Effective
(N = 2)

Non-
effective
(N = 1)

BCT No. BCT label N % N % N % N % N % N % N % N %

Goals and planning
1.1 Goal setting (behavior) 6 55% 4 44% 1 33% 2 50% 1 50% 0 0% 0 0% 1 100%
1.2 Problem solving 4 36% 1 11% 1 33% 0 0% - - - - - - - -
1.3 Goal setting (outcome) 3 37% 4 44% 2 67% 1 25% 0 0% 1 25% 0 0% 1 100%
1.4 Action planning 4 36% 2 22% 1 33% 0 0% 1 50% 0 0% - - - -
1.5 Review behavior goal(s) 4 36% 2 22% 1 33% 1 25% 1 50% 0 0% - - - -
1.6 Discrepancy between current behaviour and goal 2 18% 1 11% - - - - 1 50% 0 0% - - - -
1.7 Review outcome goal(s) 1 9% 0 0% - - - - - - - - - - - -
Feedback and monitoring
2.1 Monitoring of behavior by others without feedback 0 0% 1 11% - - - - - - - - - - - -
2.2 Feedback on behaviour 7 64% 5 56% 2 67% 3 75% 0 0% 1 25% 1 50% 0 0%
2.3 Self-monitoring of behaviour 8 73% 8 89% 1 33% 1 25% 2 100% 0 0% - - - -
2.4 Self-monitoring of outcome(s) of behaviour 3 27% 4 44% 1 33% 1 25% 1 50% 0 0% - - - -
2.6 Biofeedback 2 18% 3 33% - - - - - - - - - - - -
2.7 Feedback on outcome(s) of behavior 2 18% 1 11% 0 0% 1 25% 0 0% 1 25% - - - -
Social support
3.1 Social support (unspecified) 5 45% 2 22% 1 33% 0 0% - - - - - - - -
3.2 Social support (practical) 3 27% 1 11% 1 33% 0 0% 0 0% 1 25% 1 50% 0 0%
3.3 Social support (emotional) 2 18% 2 22% - - - - 1 50% 0 0% - - - -
Shaping knowledge
4.1 Instruction on how to perform the behavior 4 36% 2 22% 1 33% 0 0% - - - - - - - -
Natural consequences
5.1 Information about health consequences 7 64% 4 44% 2 67% 2 50% 2 100% 1 25% 2 100% 0 0%
5.6 Information about emotional consequences 1 9% 0 0% - - - - - - - - - - - -
Comparison of behaviour
6.1 Demonstration of the behavior 3 27% 0 0% - - - - - - - - - - - -
6.2 Social comparison 1 9% 0 0% - - - - 1 50% 0 0% - - - -
Associations
7.1 Prompts/cues 4 36% 5 56% 1 33% 0 0% 2 100% 1 25% 2 100% 0 0%
Repetition and substitution
8.1 Behavioural practice/ rehearsal 0 0% 1 11% - - - - - - - - - - - -
8.6 Generalisation of target behaviour 0 0% 2 22% - - - - - - - - - - - -
8.7 Graded tasks 4 36% 2 22% 1 33% 1 25% - - - - - - - -

(Continued )
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Table 5. Continued.

Physical activity (N = 20) Diet (N = 7) Smoking (N = 6)
Medication adherence

(N = 3)

Effective
(N = 11)

Non-
effective
(N = 9)

Effective
(N = 3)

Non-
effective
(N = 4)

Effective
(N = 2)

Non-
effective
(N = 4)

Effective
(N = 2)

Non-
effective
(N = 1)

BCT No. BCT label N % N % N % N % N % N % N % N %

Comparison of outcomes
9.1 Credible source 3 27% 1 11% - - - - - - - - - - - -
Reward and threat
10.2 Material reward 0 0% 1 11% - - - - - - - - - - - -
10.3 Non-specific reward 0 0% 1 11% 1 33% 0 0% - - - - - - - -
10.4. Social reward 1 9% 2 22% 0 0% 1 25% - - - - - - - -
10.9 Self-reward 0 0% 1 11% - - - - - - - - - - - -
10.10 Reward (outcome) 1 9% 2 22% - - - - 1 50% 0 0% - - - -
Antecedents
12.2 Restructuring the social environment 1 9% 0 0% - - - - - - - - - - - -
Identity
13.2 Framing/ reframing 0 0% 1 11% - - - - - - - - - - - -
Self-belief
15.1 Verbal persuasion about capability 1 9% 1 11% 1 33% 0 0% - - - - - - - -
15.3 Focus on past success 1 9% 1 11% - - - - - - - - - - - -
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allowed us to provide an in-depth evaluation of digital CR interventions and gain a better under-
standing of how they may achieve their effects.

Key findings

The results presented here indicate that digital CR led to significantly greater improvements in daily
steps, LPA, medication adherence, functional capacity, and LDL-C when compared to usual care, and
produced effects on these outcomes comparable to centre-based CR. The observed improvements in
physical activity are broadly in line with previous systematic reviews (Ramachandran et al., 2021;
Rawstorn et al., 2016; Su et al., 2020). The evidence for greater daily step counts appears to be par-
ticularly strong as this outcome was objectively measured in all studies. However, the evidence for
increases in LPA is less strong as this was self-reported in most studies. The various definitions and
measures of physical activity make determining the effect of digital CR on this outcome challenging.
This could be improved in future studies by using objective measures and reporting the dimensions
of physical activity (frequency, intensity, time, type, and volume) in a more standardised fashion
(Kaminsky et al., 2016). Digital CR also demonstrated a positive effect on medication adherence.
Interventions targeting this outcome used SMS text messages to provide reminders and prompts
for participants to adhere to medication. This finding is supported by a previous review of m-
Health in patients with coronary artery disease which found that interventions incorporating text
message reminders and education were associated with improved medication adherence
(Brørs et al., 2019). There was some evidence linking digital CR to improved diet. However, the
improvements were only reported in the three studies that calculated diet scores, and not in
any of the four studies that used validated measures. Greater use of validated measures and consist-
ency in their selection is required to provide stronger evidence for the effect of digital CR on this
outcome.

That digital CR was associated with a significant increase in functional capacity when compared to
usual care is important as functional capacity is a powerful and independent predictor of cardiac and
all-cause mortality in patients with CVD (Martin et al., 2013). The evidence for improved QoL in this
review was mixed. The majority (n = 4; 66%) of the studies comparing digital CR to centre-based CR
noted significant improvements in QoL in favour of the intervention group, while compared to usual
care only 40% (n = 4) of the studies reported significant improvements. This difference may be par-
tially explained by the patient population in two of these studies (Claes et al., 2020; Skobel et al.,
2017) having previously attended a CR programme. Previous systematic reviews have also reported
mixed results for QoL. A Cochrane review comparing home- and centre-based CR found no strong
evidence of a difference in QoL (Anderson et al., 2017), while a review that found a large improve-
ment in QoL in favour of digital CR rated the quality of evidence for this finding was rated as low, as
there was significant heterogeneity among the included studies (I2 = 95%; P <.001) (Su et al., 2020).
The wide variation in selected QoL measures makes synthesising the findings on this outcome
difficult.

Of the physiological outcomes, digital CR was associated with a significant improvement in LDL-C
when compared to usual care. No statistically significant between-group differences were observed
in other clinical (depression, anxiety, cardiac-related re-hospitalisations, or mortality) or physiological
outcomes when compared to centre-based CR or usual care. Previous systematic reviews have
broadly reported similar findings on these outcomes (Ramachandran et al., 2021; Rawstorn et al.,
2016; Su et al., 2020).

Behaviour change techniques and effective interventions

A total of 32 unique BCTs were coded across the 25 RCTs included in this review, with the most fre-
quently coded being 2.3 self-monitoring of behaviour, 2.2 feedback on behaviour, 5.1 information
about health consequences, 7.1 prompts/cues, and 1.1 goal-setting (behaviour). The BCTs coded
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here contrast with those identified in alternative CR modalities. For example, a systematic review of
BCTs in home-based CR programmes found that 3.1 social support, 1.1 goal setting (behaviour), 11.2
reduce negative emotions, and 4.1 instruction on how to perform the behaviour were the most com-
monly coded (Heron et al., 2016). While a study coding BCTs in a community-based CR programme
found the most frequently used were 9.1 credible source, 5.1 information about health conse-
quences, 4.1 instruction on how to perform a behaviour, and 1.2 problem-solving (McAuliffe et al.,
2021). In contrast to these other types of CR, digital CR appears to place a stronger emphasis on per-
sonal accountability, promoting the self-management and self-regulation of daily lifestyle
behaviours.

Compared to non-effective interventions, interventions that were effective at improving physical
activity more frequently included the BCTs 1.2 problem solving, 3.1 social support (unspecified), 3.2
social support (practical), 5.1 information about health consequences, and 6.1 demonstration of the
behaviour. Effective interventions also tended to be theory-based, feature in-person sessions, web-
sites, telemonitoring devices and email as modes of delivery, and provide participants with motiva-
tional messages and personalised feedback.

Compared to non-effective interventions, interventions that improved diet included the BCTs 1.3
goal-setting (outcome), 2.2 feedback on behaviour, and 5.1 information about health consequences,
and allowed participants to ask questions. Smoking improved in interventions that included the
BCTs 2.3 self-monitoring of behaviour, 5.1 information about health consequences, and 7.1
prompts/cues. Interventions with improvedmedication adherence featured the BCTs 5.1 information
about health consequences and 7.1 prompts/cues more than non-effective interventions.

Social cognitive theory was the most commonly used theoretical framework. Of the five studies in
the review that used this framework, four reported a significant effect on a behavioural outcome
(Claes et al., 2020; Park et al., 2021; Pfaeffli Dale et al., 2015; Su & Yu, 2021). Social cognitive
theory specifies that health behaviour is determined by one’s knowledge, perceived self-efficacy,
outcome expectations, goals, and perceived socio-structural facilitators and impediments
(Bandura, 2004). The BCTs identified in effective interventions appear to align with these key deter-
minants. In particular, the BCTs 1.2 problem solving, 6.1 demonstration of the behaviour and 8.7
graded tasks are known to target perceived self-efficacy, arguably the most important component
of social cognitive theory and one which has been previously linked to adherence to health behav-
iour change in CR (Woodgate & Brawley, 2008). The findings here suggest that behavioural outcomes
may be improved by the inclusion of BCTs which target the determinants of social cognitive theory.

TIDieR assessment

The TIDieR assessment of intervention reporting demonstrated that inadequate reporting is an issue
within trials of digital CR. The assessment found that none of the included studies adequately
reported all 12 items and only three studies (Claes et al., 2020; Pfaeffli Dale et al., 2015; Vernooij
et al., 2012) (12%) reported all the core items deemed necessary for study replication (items 3–8).
This finding is in line with a previous study (Abell et al., 2015) which assessed the completeness
of reporting in trials of exercise-based CR and found only 11/74 interventions (15%) sufficiently
described these core items. The reporting of the intervention materials (item 3) in the studies
included in this review was particularly poor, with the exact content used in an intervention
rarely provided. This is problematic as inadequate detail on this aspect of the intervention makes
any future attempts at replication almost impossible. Studies that sufficiently reported this item
often did so by providing additional detail on intervention materials in online supplementary files.

Also poorly reported was intervention fidelity, defined as the degree to which an intervention was
delivered as intended (Carroll et al., 2007). This is of concern as the effectiveness of any intervention
must be interpreted with caution if the extent of fidelity is unknown. Information regarding fidelity is
also important for clinicians, as it provides an insight into the feasibility of a given intervention as
well as the degree of non-adherence to be expected. Abell et al. (Abell et al., 2015) found that
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when contacted, trial authors were often capable of providing additional information on interven-
tion fidelity (e.g., attendance records, exercise logs). Therefore, it is recommended that authors
include this information when publishing trial results.

Strengths and limitations

This review extends existing knowledge by deconstructing interventions in an attempt to identify
the active ingredients and characteristics. Additionally, this is the first review to code digital CR inter-
ventions using the TIDieR checklist and BCT taxonomy (v1).

However, this review also has limitations. Firstly, we considered an intervention ‘effective’ if a stat-
istically significant between-group difference in a behavioural outcome was reported by the study
authors. This definition of effectiveness is limited as it contains no information on the magnitude
of the effect produced or its clinical significance. Second, our approach to characterising the BCTs
included in effective interventions may also have identified BCTs that do not contribute to effective-
ness but are frequently included in intervention packages. However, it has been noted that existing
methods for identifying effective BCTs linked to target behaviour and content all have important
inherent limitations (Michie et al., 2018). Third, the identification of BCTs was largely dependent
on the detail in which the interventions were reported in published papers. Only four studies
(Claes et al., 2020; Devi et al., 2014; Maddison et al., 2019; Pfaeffli Dale et al., 2015) included in the
review explicitly mentioned the BCTs that were applied in the interventions. These four studies
reported using a significantly greater number of BCTs (mean 17.5) than the remaining studies
(mean 6.4). It is unclear whether this is a genuine difference or if it reflects the challenge of
coding BCTs from intervention descriptions in published materials. Also challenging was determin-
ing the behaviour being targeted by a given BCT, as the studies which explicitly mentioned the BCTs
used in the interventions often failed to specify how these were linked to the intervention com-
ponents. A further limitation was that a second reviewer completed only 20% of screening and
data extraction. Finally, only studies that included a behavioural outcome were included in the
review. Therefore, the results presented on clinical and physiological outcomes must be interpreted
with caution as some eligible RCTs of digital CR targeting these outcomes may have been excluded.

Recommendations for future research

The National Institute for Health and Care Excellence (NICE) guidance for individual-level behaviour
change interventions for promoting change in modifiable risk factors recommends the use of BCTs
shown to be effective at changing behaviour (National Institute for Health and Care Excellence 2014).

Specifically, it recommends the inclusion of BCTs related to goals and planning, feedback and
monitoring, and social support as there is strong evidence for the effectiveness of these BCTs in
behaviour change interventions. The findings of this review support this recommendation as
several BCTs belonging to these groups were associated with effective interventions. Future
studies aiming to improve behavioural outcomes for patients with CVD may benefit from including
BCTs related to these groups.

A recommendation for future researchers is to improve the description and reporting of digital
CR. There has been a sharp increase in the number of RCTs examining the effectiveness of digital
CR, with 13 of the 25 studies included here being published in the last five years. To maximise
this research potential, researchers are encouraged to provide detailed descriptions of interventions.
The use of standard reporting guidelines such as TIDieR to describe intervention and comparator
content would enable this process, enhancing transparency and allowing for greater comparison
between studies. Also, researchers should aim to describe the intervention rationale and theoretical
basis in greater detail, and where possible explicitly state the BCTs being applied and the proposed
mechanisms of change.
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This additional information could be published in trial protocols, intervention development
papers, or web-based supplementary files.

Future systematic reviews should attempt to examine the factors that influence adherence and
attrition in digital CR interventions. It would be particularly valuable to determine if the rates of
adherence and attrition differ based on the mode of delivery, or the number/type of BCTs included
in the interventions. Finally, while this review has described the associations between BCTs and inter-
vention characteristics and effective interventions, causality can not be inferred. Future research to
experimentally tease apart the effects of individual components is required. This could be done
using novel approaches such as the Multiphase Optimisation Strategy (MOST) or Sequential Multiple
Assignment Randomised Trial (SMART) (Collins et al., 2007).

Conclusion

Overall, the findings of this review indicate that digital CR can improve outcomes for patients with
CVD. BCTs belonging to the groups feedback and monitoring, goals and planning, natural conse-
quences, and social support were frequently employed in effective interventions. An assessment
of the completeness of intervention reporting using the TIDieR checklist revealed many character-
istics of digital CR interventions are not adequately described, preventing accurate interpretation
of results and intervention replication. Future work should aim to improve the quality of reporting
of interventions and their theoretical basis.
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