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Effectiveness of home-based cardiac rehabilitation
interventions delivered via mHealth technologies:
a systematic review and meta-analysis

Leah Li, Mickaél Ringeval, Gerit Wagner, Guy Paré, Cemal Ozemek, Spyros Kitsiou

Summary

Background Centre-based cardiac rehabilitation (CBCR) is underused due to low referral rates, accessibility barriers,
and socioeconomic constraints. mHealth technologies have the potential to address some of these challenges through
remote delivery of home-based cardiac rehabilitation (HBCR): This study aims to assess the effects of mHealth HBCR
interventions compared with usual care and CBCR in patients with heart disease.

Methods We conducted a systematic review and meta-analysis of randomised controlled trials of mHealth HBCR
interventions. Four electronic databases (MEDLINE, CENTRAL, CINAHL, and Embase) were searched from
inception to March 31, 2023, with no restrictions on language or publication type. Eligible studies were randomised
controlled trials of adult patients (age =18 years) with heart disease, comparing mHealth interventions with usual care
or CBCR. The primary outcome of interest was aerobic exercise capacity, assessed with VO, peak or 6-min walk test
(6MWT). Quality of evidence was assessed using the GRADE system. This review was registered with PROSPERO,

CRD42024544087.

Findings Our search yielded 9164 references, of which 135 were retained for full-text review. 13 randomised controlled
trials met eligibility criteria and were included in the systematic review, involving 1508 adults with myocardial
infarction, angina pectoris, or heart failure, or who had undergone revascularisation. Intervention duration ranged
from 6 weeks to 24 weeks. Randome-effects meta-analysis showed that, compared with usual care, mHealth HBCR
significantly improved 6MWT (mean difference 24-74, 95% CI 9-88-39-60; 532 patients) and VO, peak (1-77,

1.19-2-35; 359 patients). No significant differences were found between mHealth HBCR and CBCR. Quality of

evidence ranged from low to very low across outcomes due to risk of bias and imprecision (small sample size).

Interpretation mHealth HBCR could improve access and health outcomes in patients who are unable to attend CBCR.

Further research is needed to build a robust evidence base on the clinical effectiveness and cost-effectiveness of

mHealth HBCR, particularly in comparison with CBCR, to inform clinical practice and policy.

Funding None.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0

license.

Introduction

Coronary heart disease is the leading cause of death and
disability globally.” Secondary prevention strategies,
such as cardiac rehabilitation, are essential to managing
and reducing the impact of coronary heart disease.
Cardiac rehabilitation is a guideline-recommended
programme aimed at stabilising, slowing, or even
reversing cardiovascular disease progression.’ The core
components of cardiac rehabilitation are well recognised**
and include patient assessment, exercise training,
physical activity promotion, health education, nutritional
counselling, psychological support, and cardiovascular
disease risk factor management, personalised to the
individual needs and condition of the patients diagnosed
with heart disease. Cardiac rehabilitation programmes
are delivered by a multidisciplinary clinical team that
could include physicians (eg, cardiologists), nurses,
clinical exercise physiologists, behavioural health experts,
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physical and respiratory therapists, dietitians, and others,
who collaborate to deliver these services.*’

Cardiac rehabilitation consists of three phases.®
Phase I (clinical phase) begins in the inpatient setting
soon after a cardiovascular event or procedure
(eg, revascularisation or heart transplantation). Phase II
cardiac rehabilitation (outpatient phase), known as
centre-based cardiac rehabilitation (CBCR), is provided
at outpatient settings after discharge from the hospital
and typically includes up to 36 supervised, in-person
sessions that take place over 12 or more weeks (about
two to three 1-h sessions per week).* Phase III (post
cardiac rehabilitation) is an extension of phase II cardiac
rehabilitation, but involves more independence and
self-monitoring, and seeks to help patients maintain
healthy lifestyle behaviours.**

A considerable body of evidence supports cardiac
rehabilitation as a clinically effective and cost-effective
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Research in context

Evidence before this study

Cardiac rehabilitation is an evidence-based programme
recommended for patients across a wide range of cardiac
conditions, including acute coronary syndrome, heart failure,
and coronary revascularisation. Cardiac rehabilitation
programmes, predominantly delivered in outpatient settings
known as centre-based cardiac rehabilitation (CBCR), are widely
underutilised, prompting the development of alternative
models such as home-based cardiac rehabilitation (HBCR),
supported by telehealth technologies. Among the different
types of telehealth modalities, the potential of mobile health
technology-based interventions (mHealth) has been
highlighted as a promising approach for the delivery of HBCR
due to the increasing adoption of smartphones, mobile
applications, and wearable sensor devices. We searched

four electronic databases (MEDLINE, CENTRAL, CINAHL, and
Embase) from inception to March 31, 2023, for studies and
systematic reviews on the effects of mHealth HBCR, using

a combination of keywords and Medical Subject Heading terms
related to “cardiac rehabilitation”, “telehealth”, “mHealth”, and
“cardiovascular disease”. We did not apply any language or
publication type restrictions to the search. We found several
clinical trials evaluating the effects of phase Il mHealth HBCR in
patients with coronary heart disease and heart failure. However,
to our knowledge, no previous systematic review has
synthesised this body of evidence to determine the
effectiveness of mHealth HBCR compared with traditional CBCR
or usual care. Previous systematic reviews and meta-analyses
have used a broad scope of inquiry, treating technology
interventions as one large category. Specifically, they combined
findings from HBCR trials that used various and quite
heterogeneous digital health or telehealth technologies

(eg, videoconferencing, telephones, computers or laptops,
smartphones, mobile applications, websites, and home
telemonitoring equipment), without making a distinction
between mHealth and other types of interventions. Some of
these reviews also combined results from different cardiac
rehabilitation phases (eg, phase Il and phase IIl) or focused on
one condition only (eg, percutaneous coronary intervention or
heart failure), which further confounds or limits the
generalisability of their results. Given the increased adoption of
smartphones and unique opportunities that mHealth
technologies create for expanding cardiac rehabilitation,

intervention.’ As such, clinical guidelines® consistently
provide a strong recommendation for referral to cardiac
rehabilitation for patients across a range of cardiac
diagnoses, including acute coronary syndrome
(eg, myocardial infarction and unstable angina), heart
failure, and coronary revascularisation (percutaneous
coronary intervention and coronary artery bypass graft
surgery). Cardiac rehabilitation is also indicated for
patients after heart valve surgery or heartlung
transplantation. Despite its benefits, referral to and

particularly among hard-to-reach populations, it is important
to investigate the effectiveness of phase Il mHealth HBCR
across a wider range of cardiac diagnoses to inform clinical
practice, policy, and research.

Added value of this study

To our knowledge, this is the first systematic review and meta-
analysis to assess the effect of phase Il exercise-based cardiac
rehabilitation delivered via mHealth technologies in patients
with heart disease. We synthesised results from 13 randomised
controlled trials encompassing 1508 patients with one or more
of acute coronary syndrome, stable angina, revascularisation,
and heart failure. Most studies (n=9) tested the effects of
mHealth HBCR compared with usual care (standard outpatient
visits without cardiac rehabilitation). Fewer studies compared
mHealth HBCR with CBCR. By pooling results into meta-
analyses, we found that, compared with usual care, mHealth
HBCR interventions involving exercise training alone or in
combination with other cardiac rehabilitation components
could significantly improve functional and exercise capacity,
blood pressure, resting heart rate, health-related quality of life,
and depression in patients who are clinically stable after
myocardial infarction or heart revascularisation, or who have
angina or chronic heart failure. We found no significant
differences between mHealth HBCR and CBCR interventions.
The quality of evidence ranged from low to very low across
outcomes due to insufficient information size (ie, small number
of studies and small sample sizes) and potential risk of bias in
the included studies, mainly due to lack of masking of health-
care providers and patients, or outcome assessors.

Implications of all the available evidence

Our findings suggest that mHealth technologies hold promise
for expanding cardiac rehabilitation outside of traditional in-
person outpatient settings to offer remote intervention to
patients, particularly those who are unable to attend CBCR in
person, potentially improving health outcomes and
overcoming barriers such as transportation, accessibility, and
competing responsibilities (eg, work, childcare, or caring for
older people). However, there is a crucial need for additional,
well designed, and adequately powered randomised controlled
trials to build a more robust evidence base on the effectiveness
of phase Il mHealth HBCR to inform clinical practice and policy.

participation in CBCR remain low,”™ particularly among
women, minority racial and ethnic populations, and
rural populations, and those with socioeconomic
challenges.”* In the USA, participation in CBCR ranges
from 19% to 34%, with substantial geographical
variation.** Similarly, referral and uptake of CBCR in
Europe,”? Canada,” and other countries is less than
50%.* Barriers to participation include low physician
referrals, lack of programme availability, individual
challenges such as time constraints, lack of
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transportation, and social support, and socioeconomic
factors'llle,ll,ll

To overcome these challenges, alternative models, such
as home-based cardiac rehabilitation (HBCR), have
emerged, particularly those supported by telehealth
technologies.** Telehealth is a broad term used to
describe the use of health information and commun-
ication technologies for delivering care services at
a distance.” The European guidelines on cardiovascular
disease prevention in clinical practice state that the use of
digital health tools supporting HBCR holds promise for
increasing participation and supporting healthy lifestyle
changes.* Similarly, a 2019 scientific statement from the
American Heart Association, American College of
Cardiology, and the American Association of
Cardiovascular and Pulmonary Rehabilitation advocated
for more research to assess whether technology-aided
HBCR has a lasting favourable impact on programme
enrolment, adherence, and clinical outcomes.” The
COVID-19 pandemic and interruption of CBCR
programmes as non-essential health services under-
scored the need for alternative cardiac rehabilitation
models and revolutionised attitudes toward HBCR.**

One form of telehealth-supported HBCR that has
gained significant popularity in recent years, due to the
large increase in smartphone ownership® and advances
in consumer-grade mobile sensor technology,®* is
mHealth HBCR.** The term mHealth refers to the use
of mobile technologies to support health-care delivery
and healthy lifestyle changes.* mHealth technologies
include smartphones, mobile telephones, tablets, mobile
health applications, text messaging, and wearable activity
tracking and sensor devices, as well as digital health
platforms® that enable individuals and health-care
providers to communicate and track health-related data
during activities of daily living. In contrast to traditional
telehealth tools that are physically bound to the patient’s
home due to predominant reliance on desktop or laptop
computers, landline telephones, or broadband internet
service, mHealth technologies can make cardiac
rehabilitation more accessible, efficient, and tailored to
individual needs.* Smartphone applications can offer
personalised, evidence-based exercise training plans,
guide patients through each session, track their
performance, and provide feedback in various formats
(eg, text, graphs, or voice).” They can also provide patient
education, counselling, medication reminders, and
several other self-monitoring and cardiovascular disease
risk management tools to engage participants in healthy
lifestyle behaviours.” Wearable activity trackers and
sensor devices can help patients self-monitor their
exercise, physical activity, and physiological measures,
and communicate these data to health-care providers to
receive feedback.”

In recent years, several clinical trials have evaluated the
effects of phase II mHealth HBCR in patients with heart
disease. However, so far, no systematic review has
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synthesised this body of evidence to determine their
effectiveness. A 2023 Cochrane review by McDonagh and
colleagues” compared the effect of different types of
HBCR interventions with supervised CBCR in patients
with heart disease. Other systematic reviews* combined
findings from HBCR trials using various telerehabilitation
technologies (eg, videoconferencing stations and
computer-based, smartphone-based, or web-based home
telemonitoring stations), thus confounding the true
effects of mHealth-supported interventions. Some of
these reviews also mixed studies of phase II and phase I1I
cardiac rehabilitation interventions or focused on
one condition only (eg, percutaneous coronary inter-
vention or heart failure).®* Given the ubiquity of
smartphones and the unique opportunities that mHealth
technologies create for cardiac rehabilitation, it is
important to investigate the effectiveness of phase II
mHealth HBCR across a range of qualifying cardiac
diagnoses (eg, acute coronary syndrome, heart
revascularisation, and heart failure) to inform clinical
practice, policy, and research.

This systematic review aims to identify and synthesise
evidence from randomised clinical trials comparing the
effects of phase II mHealth HBCR with usual care
(without exercise prescription) or supervised CBCR in
patients with heart disease.

Methods

Search strategy and selection criteria

This systematic review and meta-analysis was conducted
and reported in accordance with the Cochrane
Collaboration methodology™ and the PRISMA statement
(appendix pp 2-4).”* The protocol was registered in
PROSPERO, CRD42024544087.

Eligible studies were randomised controlled trials of
adult patients (age =18 years) who were post myocardial
infarction, had angina pectoris, or had undergone
revascularisation (coronary artery bypass graft or
percutaneous coronary intervention), or who had heart
valve repair or replacement, or who had stable chronic
heart failure, irrespective of left ventricular ejection
fraction (LVEF) given that LVEF cutoffs for cardiac
rehabilitation referral differ across countries, or who had
coronary heart disease defined by standard non-invasive
or invasive methods. Eligible interventions included
phase II mHealth HBCR, defined as the use of non-
invasive portable and wireless technologies (eg, one or
more of smartphones, personal digital assistants, mobile
applications, text messages, wearable activity trackers,
wearable sensor devices, and other connected health
technologies) to support exercise training alone or in
combination with other established cardiac rehabilitation
components. The comparison group was usual care or
CBCR.

Four databases (MEDLINE, CENTRAL, CINAHL, and
Embase) were searched from inception up to
March 31, 2023, with no restrictions on language or

See Online for appendix
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For more on Covidence see
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publication type. We excluded trials of phase I and
phase III cardiac rehabilitation interventions, trials
published as abstracts only, and non-English articles if
translation was not possible and sufficient details
regarding the participants, intervention, usual care, or
outcomes could not be obtained through published
reports or email contact with the authors. Electronic
searches (appendix pp 5-18), developed by SK in
consultation with the rest of the coauthors, were
supplemented with manual searches of the reference
lists of relevant studies and reviews. All references
retrieved from the searches were imported into
Covidence software and duplicates were removed. Two
authors (LL and MR) independently screened all
references for inclusion. Disagreements were resolved
through discussion, adjudicated by SK.

Data analysis

Two reviewers (LL and SK) independently extracted data
using a standardised data extraction form implemented
in Microsoft Excel. Data included information about the
study design, patient population, intervention com-
ponents, control group, and outcomes. Disagreements
were resolved through discussion. When the required
study information or data were missing in the
publication, we contacted the corresponding authors for
details via email. Where necessary, we used RevMan 5.4.1
(Cochrane Collaboration, Copenhagen, Denmark) to
calculate missing standard deviations using other data
from the trial, such as confidence intervals.*

Risk of bias was assessed independently by
two reviewers (LL and SK) using the Cochrane
Collaboration risk of bias tool.”* The following domains
were assessed: random sequence generation, allocation
concealment, masking of participants and personnel,
masking of outcome assessment, incomplete outcome
data, selective outcome reporting, and other bias. Each
domain was assessed as having a low, high, or unclear
risk of bias. Disagreements were resolved through
discussion, and adjudication by MR.

The primary outcome of interest was aerobic exercise
capacity, assessed with VO, peak or 6-min walk
test (6MWT). Secondary outcomes were BMI, systolic
and diastolic blood pressure, resting heart rate, lipid
profile, and self-reported health outcomes (anxiety,
depression, and quality of life). We performed random-
effects meta-analyses with 95% Cls when the underlying
clinical question, population, and treatments were
similar enough for pooling to make sense. We used the
random-effects model due to the clinical heterogeneity of
the included studies (types of mHealth interventions and
population characteristics). The rationale to pool studies
into a meta-analysis irrespective of whether they focused
on one condition (eg, heart failure) or a mix of conditions
(coronary heart disease and heart failure) was based on
the scope and research question of our review as well as
the fact that contemporary guidelines on the management

of coronary heart disease and heart failure consistently
recommend CBCR as an effective and safe intervention
for the conditions included in our review.” Our approach
is similar to that of McDonagh and colleagues.?

Data analysis was performed separately for the
two comparisons: mHealth HBCR versus usual care, and
mHealth HBCR versus CBCR. All outcomes in the
included studies were reported as continuous data.
Therefore, we used the mean difference (MD) as the main
effect measure when outcomes were measured across
studies with the same scale or instrument, and
standardised MD (SMD; Hedges' adjusted g when
different scales or versions of the same scale were used
across studies to measure the same outcome. We
interpreted an SMD of 0-2, 0-5, and 0-8 as representing
a small, medium, and large effect size, respectively. When
combining data on the (unstandardised) MD scale, we
used change-from-baseline measurements (wherever
available) or post-intervention measurements (alternative
option) for each study. By contrast, when combining data
using SMD, we used post-intervention data only.*
Statistical heterogeneity was quantified using the x2 and 2
statistical tests. We considered statistical heterogeneity to
be important when I2 was greater than 50%, the p value of
the 2 test was less than 0-05, and studies differed in both
magnitude and direction of effects. Per our protocol, we
planned to conduct subgroup analyses to explore any
significant heterogeneity in study results and examine
potential treatment effect modifiers (eg, population case
mix, exercise dose, or length of follow-up). We also
planned to assess publication bias using funnel plots and
Egger’s test. However, the small number of studies (<10)
included in the meta-analyses precluded such
investigations. All meta-analyses were conducted using
RevMan 5.4.1. using the intention-to-treat principle (ie, all
participants and their outcomes were analysed according
to the group to which they were allocated).

Quality of evidence by outcome of interest was assessed
independently by two reviewers (LL and SK) using the
GRADE system via GRADEpro software.” GRADE is an
internationally recognised and widely used framework
that offers a transparent, reproducible, and systematic
approach to rating the quality of evidence (ie, confidence
that the estimate of the effect is close to the true effect) at
the outcome level by considering five domains: risk of
bias,” inconsistency,”* indirectness,” imprecision,®®
and publication bias.” Assessing and combining the
results of the five domains determine the quality of
evidence for each outcome of interest as high, moderate,
low, or very low (appendix p 19).%

Role of the funding source
There was no funding source for this study.

Results

Our search yielded 9164 references. After removal of
duplicates, we screened the title and abstract of
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5983 references and retained 135 references for full-text
review. Overall, 13 unique randomised controlled trials
(18 references in total) were included in this systematic
review (figure 1). The 117 articles that were excluded
based on full-text review are listed in the appendix
(pp 19-30).

The 13 included studies (table) were published
between 2010 and 2022. Seven studies were conducted in
Asia,*™ four in Europe,”” one in Oceania,” and one in
North America.® All studies were prospective, parallel-
group randomised controlled trials examining the effects
of phase II exercise-based cardiac rehabilitation delivered
at home via the use of mHealth technologies. 1508 patients
(18% female) were included in the 13 trials. Sample sizes
ranged from 30 to 312 patients. The mean age of study
participants ranged from 54-5 years to 73-0 years. The
mix of participants’ conditions varied, with five studies
including a mixed population of coronary heart
disease,”””* two studies including patients post myo-
cardial infarction who received revascularisation,®”
one study including a mixed population with acute
coronary syndrome having undergone percutaneous
coronary intervention,” one study of patients with coronary
heart disease who were treated with percutaneous
coronary intervention during their index admission,* and
four studies focusing exclusively on adults with heart
failure.”%7” A detailed overview of the included studies is
provided in the appendix (pp 31-34). The duration of the
intervention period in the included studies ranged from
6 weeks to 24 weeks, with exercise frequencies ranging
from three sessions per week to daily. The main exercise
type was aerobic exercise, with walking as the predominant
mode (12 of 13 studies).***77 One study also offered
resistance training.”

Two studies provided comprehensive cardiac
rehabilitation with all core components,”” whereas
three studies used standalone exercise training.®””
11 studies incorporated additional components, such as
health  education,**%7"”  nutritional advice,**7°%
medication adherence support,*” psychosocial well-
being,**” and smoking cessation.®””"* Exercise
intensity in the included studies was guided mainly by
one or both of Borg scale®?%777 and heart rate
resewe.65,66,68,71773,75

All studies used smartphones (nine studies)®“7°7*7¢ or
mobile telephones (four studies)®”” in the HBCR
interventions. Other monitored devices used in the
intervention group included heart rate monitors,®®%77
electrocardiograph (ECG) monitors,””?” and blood
pressure monitors.*” The primary mHealth tools used for
intervention delivery were mobile applications.*¢707+7
Monitored measures included heart rate, ECG, blood
pressure, steps, Borg score, and others. In nine of the
included studies, interventions were augmented with
weekly or daily telephone calls.®7-77

In four of the included studies, the comparison group
was CBCR, whereas in the remaining nine studies the
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9164 references identified from database search
1773 MEDLINE
3344 CENTRAL
1220 CINAHL
2827 Embase

—>| 3181 duplicates removed |

v
| 5983 screened for title and abstract |

—>| 5848 excluded |

A

| 135 full-text references assessed for eligibility |

117 excluded
3 not randomised controlled trials
2 not in English
31 abstract or protocol only
> 2 population criteria not met
75 intervention criteria of phase Il
mHealth HBCR not met
4 comparison criteria (CBCR or usual
care) not met

v

13 studies (18 references) included in
systematic review

Figure 1: Study selection
No references were added by manual searching of reference lists. CBCR=centre-
based cardiac rehabilitation. HBCR=home-based cardiac rehabilitation.

comparison group was usual care. CBCR comprised
traditional, in-person sessions conducted in an outpatient
setting. Training intensity was measured by Borg scale’™”
or heart rate reserve””” Training frequency was
three times per week in two studies”” and twice per week
in one study,” and in another study it was not reported.®
Usual care involved standard outpatient care without
exercise prescription or training.

Results of the risk-of-bias assessment are presented in
the appendix (pp 35-36). Random sequence generation
and allocation concealment were found to be at low risk
of bias in eight (62%) studies and unclear risk of bias in
five (38%) studies. Masking of participants and cardiac
rehabilitation personnel to group allocation is not
feasible. Therefore, all studies were assessed as having
a high risk of performance bias. For example, knowledge
of group allocation might have affected the way
interventions were provided, which, in turn, might have
affected the study outcomes. Performance bias could
operate in either direction and could be due to deviations
from the protocol-specified intervention delivery or non-
adherence to the assigned intervention by study
participants due to knowledge of group assignment.
Masking of outcome assessment was judged to be at low
risk of bias in five (38%) studies, unclear risk of bias in
five (38%) studies, and high risk of bias in three (23%)
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Primary and
secondary
outcomes

Control group

Type of mHealth intervention

Intervention CR session

conditions duration

Heart

Female

Mean

Total

Country

frequency

participants,

n (%) or

age (SD),
years

sample size

(intervention:
control), n

n/N (%)*

(Continued from previous page)

Varnfield

Primary: uptake,
adherence, and

moderate-intensity exercise completion of a CR

Traditional CBCR
sessions and 1-h

Comprehensive CR programme delivered viaa CR

556 12/94(13%) Ml angina 6 weeks Most days
(9-8)

120 (60:60)

Australia

comprising two supervised

platform which used a smartphone application for
health and exercise monitoring, and delivery of
motivational and educational materials via text

etal (2014)

programme;

secondary: 6MWT,
SBP, DBP, RHR, TC,
LDL cholesterol,

educational sessions per

messages and pre-installed audio and video files;

participants given a smartphone pre-installed with  week for 6 weeks;

a health diary and activity monitoring application,
BP monitor, and weight scale. Activity monitoring
(steps, duration, and intensity) was automatic

programme included
cardiovascular and

HDL cholesterol,
depression,

strengthening routines

HRQol, and
anxiety

involving treadmill, rower,
resistance bands, weights,

through the telephone’s built-in accelerometer

squats, and modified push-

ups

home-based cardiac

cardiac rehabilitation. DBP=diastolic blood pressure. ECG=electrocardiogram. HBCR=

coronary artery bypass grafting. CBCR=centre-based cardiac rehabilitation. CR=

6-min walking test. BP=blood pressure. CABG=

6MWT:

total cholesterol.

=systolic blood pressure. TC=

resting heart rate. SBP

percutaneous coronary intervention. RHR=

not reported. PCl=

myocardial infarction. NR=

health-related quality of life. M=

=heart rate. HRQoL=

heart failure. HR
unstable angina. *Some studies reported the number of female participants based on those who completed the study and were analysed rather than all randomly assigned participants; in these cases, the denominator has also been given in the

format n/N (%). TThe study did not report which of these was the primary outcome.

rehabilitation. HF

UA

Table: Characteristics of the included randomised controlled trials

studies. Incomplete outcome data was found to be at low
risk of bias in eight (62%) studies, unclear risk of bias in
two (15%) studies, and high risk of bias in three (23%)
studies. Selective reporting and other biases were found
to be at low risk of bias in most studies (>85%).

Details of extracted outcomes can be found in the
appendix (pp 37-42). A summary of findings tables and
funnel plots by outcome of interest are also available in
the appendix (pp 43-55). Ten (77%) studies®*77
reported data on aerobic exercise capacity. Of these,
six studies®" 77 compared mHealth HBCR with usual
care and four studies*®®”””” with CBCR. Pooled results
showed that mHealth HBCR significantly improved VO,
peak (MD 1-77, 95% CI 1-19-2-35; 359 participants in
three studies; I2=0%; figure 2A) and 6MWT (24-74,
95% CI 9-88-39-60; 532 participants in four studies;
12=71%; figure 2B) compared with usual care. However,
quality of evidence was low for both outcomes due to risk
of bias and imprecision (optimal information size [OIS]
not met).

Statistical heterogeneity in 6MWT results was high,
but this was due to differences in magnitude of effects
(all studies showed a consistent trend towards positive
effect). Removing the study by Nagatomi and colleagues,”
in which the intervention group was significantly
younger than the control group (mean age 59-8 years
[SD 10-0] in HBCR group vs 67-7 years [8-9] in control
group; p=0-030) and the overall effect size appeared to be
large compared with the other studies (outlying study),
significantly reduced statistical heterogeneity (x2=2-52,
p=0-28; 12=21%). The summary effect size was smaller
but remained statistically significant in favour of the
intervention (MD 15-35, 95% CI 8-21-22-50; p<0-0001;
2=0%).

Compared with CBCR, mHealth HBCR tended to
improve VO, peak (MD 0-67, 95% CI -0-76 to 2-11;
182 participants in two studies; 12=0%; figure 2A) and
6MWT (23-08, -36-91 to 83.06; 283 participants in
three studies; [2=96%; figure 2B). However, group
differences were not statistically significant. There was
substantial heterogeneity among studies in 6MWT
results, which could not be explained by our post-hoc
investigations. Quality of evidence was downgraded to
low for VO, peak due to risk of bias and imprecision, and
to very low for 6MWT due to risk of bias, substantial
heterogeneity (inconsistency), and imprecision (OIS not
met and wide 95% CI).

Six (46%) studies**””7” reported data on blood
pressure. Five studies®®”7*”* compared mHealth HBCR
with usual care and one study” with CBCR. mHealth
HBCR significantly reduced systolic blood pressure
(MD —7-78, 95% CI —10-15 to —5-41; 741 participants in
five studies; I2=0%; figure 3A) and diastolic blood
pressure (-2-33, —4-39 to —0.27; 429 participants in
four studies; 12=20%; figure 3B) compared with usual
care. There was no evidence of important heterogeneity
among study results. The quality of evidence was ranked
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Heterogeneity: ©'=0-00; x’=1-53 (p=0-47); I’=0%
Test for overall effect: Z=5-99 (p<0-0001)
mHealth HBCR vs CBCR

A VO, peak

mHealth HBCR Control Weight MD (95% Cl) Risk of bias*

Mean (SD)  Total Mean (SD)  Total 1 v vivi
mHealth HBCR vs usual care
Snoek et al (2021) 1.6 (31) 77 0-2(27) 79 40-8%  1-40 (0-49to 231) - e
Song et al (2020) 1.9 (3-4) 48 02(34) 48 18:4% 165 (0:30 t0 3-00) — POOG
Piotrowicz et al (2015) 2:0 (2:4) 75  -02(21) 32 40-8%  2-20(1-29t03-11) - + 20+
Subtotal 200 159 100-0% 1.77 (119 to 2-35) <&

Heterogeneity: ©'=2684-37; x’=47-28 (p<0-0001); ’=96%
Test for overall effect: Z=075 (p=0-45)

Batalik et al (2020) 26-5(57) 25 59 (4-1) 26 27-5% 0-60 (-2:13t0 3-33) —_—r ++02+
Piotrowicz et al (2010) 197 (5:2) 75  190(46) 56 72:5% 070 (-0-98t0 2:38) —.— XY X LI
Subtotal 100 82  100.0%  0-67(-0-76t02-11)
Heterogeneity: ©"=0-00; x’=0-00 (p=0-95); ’=0%
Test for overall effect: Z=0-92 (p=0-36) —I6 —|4 —I2 (I) i Alt (IS
+— —»
Favours control  Favours mHealth HBCR

+ Low risk of bias

2 Unclear risk of bias

= High risk of bias
B emwr

mHealth HBCR Control Weight MD (95% Cl) Risk of bias*
Mean (SD)  Total Mean(SD) Total T VAYAVAVT

mHealth HBCR vs usual care
Dorje et al (2019) 543-4(67-5) 156  5235(60-2) 156 29-4%  19:90 (571 to 34-09) —a PEerres
Nagatomi et al (2022) 521(439) 15 -4-3(3-4) 15 15-4% 56-40 (26-75 to 86-05) B — 22 - =+ 4+ +
Peng et al (2018) 4192(97) 42 4066 (125) 41 38:5% 1268 (7-85t0 17-51) - ++ -+ + + +
Piotrowicz et al (2015) 538(639) 75  22:0(687) 32 167%  31-80 (3-95t0 39-60) _— 2o+ =
Subtotal 288 244 100-0% 24-74 (9-88 t0 39-60) -
Heterogeneity: 1'=143-14; x’=10-23 (p=0-02); ’=71%
Test for overall effect: Z=3-26 (p=0-001)
mHealth HBCR vs CBCR
Lietal (2022) 421-8(46:0) 40 3467(430) 40 337% 7503 (55:52t0 94-53) —-— Q0o
Piotrowicz et al (2010) 440 (540) 75  630(540) 56 33-8%  -1900 (-37-69 to-031) ] 2 2= 2=
Varnfield et al (2014) 60-0(433) 45 470(632) 27 32:6% 13-00 (-13-98 t0 39-98) —— ++0==+ +
Subtotal 160 123 100-0%  23-08 (-36-91to 83-06)

4?-'

I T T T 1
-100 -50 0 50 100
“«— —

Favours control  Favours mHealth HBCR

Figure 2: Forest plots of VO, peak (mL/kg per min) and 6MWT (m)

6MWT=6-min walk test. CBCR=centre-based cardiac rehabilitation. HBCR=home-based cardiac rehabilitation. MD=mean difference. *Risk of bias was assessed in
seven domains, as shown in the columns below: (1) random sequence generation; (1) allocation concealment; (I1) masking of participants and personnel; (V) masking
of outcome assessment; (V) incomplete outcome data; (V1) selective reporting; and (VII) other bias.

as low for both systolic and diastolic blood pressure due
to risk of bias and imprecision (OIS not met). In the
single study” (n=72) that compared mHealth HBCR with
CBCR, there was a positive trend towards improvement
in both systolic blood pressure (MD -3-14, 95% CI
-13-82 to 7-54; figure 3A) and diastolic blood
pressure (3-80, -8-71 to 1-11; figure 3B), but results were
inconclusive due to lack of power. Confidence in the
evidence was downgraded to very low due to risk of bias
and imprecision (OIS not met and wide 95% CI).

Five (38%) studies®*%”” investigated the effect of
mHealth HBCR on resting heart rate. Of these studies,
four compared the intervention with usual care and

www.thelancet.com/digital-health Vol 7 April 2025

one with CBCR. Pooled results showed that mHealth
HBCR significantly reduced resting heart rate compared
with usual care (MD -2-12, 95% CI -3-65 to —0-59;
557 participants in four studies; 12=0%; figure 3C). There
was no evidence of statistical heterogeneity. The
one study” (n=72) that compared mHealth HBCR with
CBCR found no significant differences between the
two groups (-2-03, —5-81 to 1-75; figure 3C).

Change in BMI was assessed by four (31%) studies,*"""*
all of which compared mHealth HBCR with usual care.
Pooled results showed no difference in BMI between the
two groups (MD 0-25, 95% CI -0-25 to 0-75;
617 participants in three studies; 12=0%; figure 3D). The
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quality of evidence was ranked as low due to risk of bias
and imprecision (OIS not met).

Four (31%) studies®*“”*” assessed the effect of mHealth
HBCR on total cholesterol, five (38%)“*”*” on LDL
cholesterol, and three (23%)*”*”* on HDL cholesterol.
When comparing mHealth HBCR with usual care, there
were no significant differences in total cholesterol
(MD 0-06, 95% CI —0-08 to 0-20; 501 participants in
three studies; 12=0%; figure 3E), LDL cholesterol (0-01,
—0-20 to 0-21; 497 participants in three studies; 2=40%;
figure 3F), or HDL cholesterol (0-03, -0-06 to 0-12;
471 participants in two studies; 2=37%; figure 3G).
There was no evidence of significant statistical
heterogeneity in these results. The quality of evidence
was ranked as low due to risk of bias and imprecision
(OIS not met). Similarly, when comparing mHealth

HBCR with CBCR, there were no differences in total
cholesterol (0-37, —0-21 to 0-95; 46 participants in
one study; figure 3E), LDL cholesterol (-1-62,
—5-41 to 2-17; 124 participants in two studies; figure 3F),
or HDL cholesterol (0-04, —0-05 to 0-13; 46 participants
in one study; figure 3G).

Six (46%) studies reported data on depression®®77*7s
and five (38%) on anxiety.”*“””*” Pooled results from
studies comparing mHealth HBCR with usual care
showed an almost significant reduction in depression
scores (SMD -0-24, 95% CI -0-38 to -0-09;
769 participants in five studies; 12=0%; figure 4A) and
anxiety scores (-0-14, -0-29 to 0-01; 715 participants in
four studies; I2=0%; figure 4B), favouring the inter-
vention. The quality of evidence was ranked as low due to
risk of bias and imprecision (OIS not met). The

A Ssystolic blood pressure

Test for overall effect: Z=1-52 (p=0-13)

mHealth HBCR Control Weight MD (95% ClI) Risk of bias*
Mean (SD)  Total Mean (SD)  Total I v vivi
mHealth HBCR vs usual care
Dorje et al (2019) 1225(132) 156  132:0(19:0) 156 425%  -9:50(-1313t0-5-87) . PrOeeE
Lee etal (2015) 1070 (11:5) 26  1156(18:9) 29 84%  -8-63(-16-81t0-0-45) —_— XX L6
Piotrowicz et al (2015) 113-0(24) 46  116.0(14-0) 23 120%  -3-00 (-9-84 to 3-84) — POOPOPE
Snoek et al (2021) -1.0(413) 79 3-:0(17:5) 80 57% -4-00 (-13-88 to 5-88) — + =+ + +
SuandYu (2021) 185(112) 73 126:2(14-6) 73 31:4%  -7.73(-11:95t0-3.51) . XYY L 1.1
Subtotal 380 361 100-0%  -7-78 (-10-15t0 5-41) L 2
Heterogeneity: ©'=0-00; x’=3-34 (p=0-50); I’=0%
Test for overall effect: Z=6-44 (p<0-0001)
mHealth HBCR vs CBCR
Varnfield et al (2014) 27(131) 46 0-4(26:0) 26  1000%  -314(-13-82t07-54) 200000€
Subtotal 46 26 100-0% -3-14(-13-82t07-54)
Heterogeneity: °=0-00; x’=3-34 (p=0-50); I’=0%
Test for overall effect: Z=0-58 (p=0-56) —ZIO —1IO (I) 1|0 2|0
+— —»
Favours mHealth HBCR  Favours control
+ Low risk of bias
2 Unclear risk of bias
= High risk of bias
B Diastolic blood pressure
mHealth HBCR Control Weight MD (95% Cl) Risk of bias*
Mean (SD) ~ Total ~ Mean(SD)  Total L v vivi
mHealth HBCR vs usual care
Lee etal (2019) 692 (9-6) 26 743(134) 29 105%  -5-10 (-11-20 to 1-00) — ‘X UL
Piotrowicz et al (2015) 750(439) 46  750(6:0) 23 31:4% 0-00 (3180 3-18) - P00ca0e
Snoek et al (2021) 20(134) 79 2:0(81) 80 277%  -400 (-7-45t0-0-55) —-— PEQT e
SuandYu (2021) 73:5(92) 73 759 (107) 73 30-5% -2-27 (-5-51t0 0-97) — S P0HS
Subtotal 224 205 100-0% -2-33(-4-39t0-0-27)
Heterogeneity: '=0-90; x’=3-75 (p=0-29); I’=20%
Test for overall effect: 7=2-22 (p=0-03)
mHealth HBCR vs CBCR
Varnfield et al (2014) 24(84) 46 14(111) 26 100-0%  -3-80(-8:71to1.11) B+ 20000H¢E
Subtotal 46 26  100-0%  -3-80(-8-71to1-11) B
Heterogeneity: NA ; ; ;

T
-20 -10 0 10 20
+— —>
Favours mHealth HBCR  Favours control

(Figure 3 continues on next page)
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one study” that assessed the effects of mHealth HBCR EQ-5D), disease-specific scales (eg, the Minnesota Living
versus CBCR on depression and anxiety found no With Heart Failure Questionnaire or MacNew Heart
significant difference. Disease Health-related Quality of Life questionnaire), or

Ten (77%) studies® "7 reported the effect of mHealth ~ other unspecified questionnaires. Due to the hetero-
HBCR on health-related quality of life using generic geneity of reported health-related quality of life
health-related quality of life scales (eg, Short-Form 36 or instruments in terms of subscales and direction of benefit

C Resting heart rate

mHealth HBCR Control Weight MD (95% Cl) Risk of bias*

Mean (SD)  Total Mean(SD)  Total T TH\YAVAV RV
mHealth HBCR vs usual care
Dorje et al (2019) -6:5(247) 156 01(247) 156 78%  -6:60 (-12:08to-1-12)  — FerEE
Lee et al (2015) 70-8 (7:9) 26 731(118) 29 140%  -238(-7-64102-88) —_— X LY
Peng et al (2018) 787 (41) 42 805(44) 31 345%  -1.81(-3-64t00-02) - PEQEEE
Piotrowicz et al (2015) 67-0(10:0) 75  680(100) 32 18:8%  -1.00 (-514 to 3-14) —a P0000&
Subtotal 299 258 100-0% -2:12 (-3:65t0-0-59) <*
Heterogeneity: T°=0-00; x’=2-97 (p=0-04); ’=0%
Test for overall effect: Z=2.71 (p=0-007)
mHealth HBCR vs CBCR
Varnfield et al (2014) 0-8(7.7) 46 28(79) 26 1000%  -2:03(-5:81t0175) 200008 ¢
Subtotal 46 26 100-0%  -2-03(-5-81t01.75)

Heterogeneity: NA
Test for overall effect: Z=1-05 (p=0-29)

T T T T T
-20 -10 0 10 20
“— —>
Favours mHealth HBCR  Favours control

+ Low risk of bias
2" Unclear risk of bias

= High risk of bias

D BmI

mHealth HBCR Control Weight MD (95% Cl) Risk of bias*

Mean (SD)  Total ~ Mean (SD) Total LA v v vV
mHealth HBCR vs usual care
Dorje et al (2019) 249(35) 156  245(32) 156 449%  0-40 (-0-34to1-14) - 200009 E
Snoek et al (2021) 0-6 (2:9) 79 05 (2:9) 80 307% 010 (-0-80t0 1-00) —. FrOr e
SuandYu (2021) 247 (3-6 73 245(25) 73 24-4% 016 (-0-85t0117) — PO0000E
Subtotal 308 309  100:0%  0-25(-0-25t00-75) ?
Heterogeneity: ©'=0-00; x’=0-29 (p=0-86); I’=0% I I | I I
Test for overall effect: Z=0-98 (p=0-33) -4 -2 0 2 4

“— —>

Favours mHealth HBCR  Favours control

E Total cholesterol

mHealth HBCR Control Weight MD (95% ClI) Risk of bias*

Mean (SD)  Total Mean (SD)  Total IV v vV
mHealth HBCR vs usual care
Dorje etal (2019) 3-6(10) 156 35(07) 156 52.5%  0-10 (-0-09 to 0-29) 2000006
Nagatomi et al (2022) 06 (0-8) 15 0-3(11) 15 41% 0-24 (-0-44t0 0-92) X1 I o
Snoek et al (2021) 0-1(0:6) 79 01(07) 80 434%  0-00 (-0-21t0 0-21) PO e E
Subtotal 250 251 100-0%  0-06 (-0-08 to 0-20) >

Heterogeneity: ©'=0-00; x’=0-75 (p=0-69); I'=0%
Test for overall effect: 7=0-88 (p=0-38)

mHealth HBCR vs CBCR
Varnfield et al (2014) -03(09) 31 -06(0:9) 15 1000%  037(-0-21t00.95) Sl 200000 E
Subtotal 31 15 100-0% 0-37 (-0-21 to 0-95) -~

Heterogeneity: NA
Test for overall effect: Z=1-25 (p=0-21)

Favours mHealth HBCR  Favours control

(Figure 3 continues on next page)
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F LDL cholesterol

mHealth HBCR Control Weight ~ MD (95% Cl) Risk of bias*

Mean (SD)  Total Mean (SD)  Total IV v ovivi
mHealth HBCR vs usual care
Dorje et al (2019) 1.8(07) 156 1.8 (0-6) 156 571% 0-00 (-0-14 to 0-14) PPOPPDE
Olivier et al (2021) 333(10) 11 27(0:9) 15 67%  0:63(-011t0137) PPO0000¢
Snoek et al (2021) 2:2(0-8) 79  23(08) 80 362%  -0-10 (-0-35t0 015) POOPPPE
Subtotal 246 251 100-0% 0-01 (-0-20 to 0-21)
Heterogeneity: °=0-01; x*=3-36 (p=0-19); ’=40%
Test for overall effect: Z=0-06 (p<0-95)
mHealth HBCR vs CBCR
Lietal (2022) 232(2:6) 40  268(37) 40 487% -3-61(-5:00t0-222) —— PDOOOGOOE
Varnfield et al (2014) -0-1(07) 31 -04(10) 13 513% 0-26 (-0-35t0 0-87) ++ ===+ +

Subtotal 71 53 100-0% -1-62 (-5-41t0 2:17)
Heterogeneity:t’=7-19; x’=25-16 (p<0-0001); ’=96% ; ; ! ; ;
Test for overall effect: Z=0-84 (p=0-40) -4 =2 0 2 4
+— —»
Favours mHealth HBCR  Favours control

+ Low risk of bias

2" Unclear risk of bias

= High risk of bias
G HDL cholesterol

mHealth HBCR Control Weight MD (95% Cl) Risk of bias*
Mean (SD)  Total Mean (SD)  Total IV v vV

mHealth HBCR vs usual care
Dorje et al (2019) 12(0:3) 156 12(03) 156 70-0%  0-00 (-0-07t0 0-07) e L L
Snoek et al (2021) 1.5 (0-4) 79  14(05) 80 30:0%  0-10 (-0-04 to 0-24) F O+
Subtotal 235 236 100-0%  0-03(-0-06 to 0-12)
Heterogeneity: °=0-00; y’=1-59 (p=0-21); ’=37%
Test for overall effect: Z=0-65 (p=0-51)
mHealth HBCR vs CBCR
Varnfield et al (2014) 0-0 (0-1) 31 00(01) 13 100:0%  0-04 (-0-05t0 0-13) 200005 ¢E
Subtotal 31 13 100-0%  0-04 (-0-05to0 0-13)

Heterogeneity: NA
Test for overall effect: Z=0-91 (p=0-36)

“— —»
Favours control  Favours mHealth HBCR

Figure 3: Forest plots of systolic and diastolic blood pressure (mm Hg), resting heart rate (beats per min), BMI (kg/m?), and lipid profile (total, LDL, and HDL

cholesterol, mmol/L)

CBCR=centre-based cardiac rehabilitation. HBCR=home-based cardiac rehabilitation. MD=mean difference. NA=not applicable. *Risk of bias was assessed in
seven domains, as shown in the columns below: (1) random sequence generation; (1) allocation concealment; (I1) masking of participants and personnel;
(IV) masking of outcome assessment; (V) incomplete outcome data; (V1) selective reporting; and (VII) other bias.

versus harm (eg, a higher score indicates worse outcomes
in the Polish version of Short-Form 36 but improved
outcomes in other versions), meta-analysis was deemed
inappropriate. Therefore, we used vote-counting to
summarise results (appendix pp 41-42).

11 health-related quality of life domain comparisons
were made in mHealth HBCR groups versus usual care
groups,***7 and 22 were made in mHealth HBCR
groups versus CBCR groups.*”””* Compared with usual
care, most studies (ten of 11) consistently showed improve-
ment in health-related quality of life domains with
mHealth HBCR (six were statistically significant and
four were not statistically significant). The evidence was
mixed regarding mHealth HBCR versus CBCR. Most
comparisons (18 of 22) found non-significant improve-
ment, with ten favouring CBCR and eight favouring

mHealth HBCR. A small proportion of evidence (four of
22 comparisons) showed significant improvement, with
two favouring mHealth HBCR and two favouring CBCR.

Discussion

To our knowledge, this is the first systematic review and
meta-analysis to examine the effects of mHealth HBCR
interventions in patients with heart disease. Compared
with usual care, mHealth HBCR improved functional
capacity, blood pressure, resting heart rate, depression,
and health-related quality of life in patients who were
clinically stable after myocardial infarction or heart
revascularisation, or who had angina or chronic heart
failure. Compared with usual care, improvements in VO,
peak (1-77 mL/kg per min) and systolic blood pressure
(-7-78 mm Hg) were clinically and statistically
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A Depression
mHealth HBCR Control Weight ~ SMD (95% Cl) Risk of bias*
Mean (SD)  Total Mean(SD)  Total I v vivi
mHealth HBCR vs usual care
Dorje et al (2019) 2:9 (3-0) 156 36(38) 156 411%  -0-20 (-0-43t0 0-02) — rreaees
Peng et al (2018) 6-6 (1:0) 42 67(09) 31 11.0%  -0-06 (-0-49 to 0-37) — PEOTEE
Piotrowicz et al (2015) 6-7(5°5) 46 91(7-3) 23 8:0% -038(-0-89t00-12) B — +@0+ +++
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SuandYu (2021) 0-0 (1-4) 73 10(41) 73 191%  -0-33 (-0-66 to 0-00) — POOCODE
Subtotal 396 373 100-0% -0-24 (-0-38t0-0-09) >
Heterogeneity: °=0-00; x*=1-35 (p=0-85); I’=0% T T T T
Test for overall effect: Z=3-25 (p=0-001) -1 -05 0 05 1
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Favours mHealth HBCR  Favours control
+ Low risk of bias
2 Unclear risk of bias
= High risk of bias
B Anxiety
mHealth HBCR Control Weight  SMD (95% Cl) Risk of bias*
Mean (SD)  Total Mean (SD)  Total LI v vivi
mHealth HBCR vs usual care
Dorje et al (2019) 25(31) 156 2:8(32) 156 437%  -0-09 (-0-32to 0-13) —— PrQeeeE
Peng et al (2018) 66 (1-0) 49  6:8(07) 49 13:6%  -0-24 (-0-64 to 0-16) —_— ++O++++
Snoek et al (2021) 1.8(31) 79 24(40) 80 222%  -017 (-0-481t0 0-14) — SEF
SuandYu (2021) 1.0 (5-4) 73 2:0(81) 73 20-4%  -0-14 (-0-47t00-18) e -+ 2+
Subtotal 357 358  100-0% -0-14 (-0-29to 0-01) L 2
Heterogeneity: ©°=0-00; x’=0-44 (p=0-93); ’=0% T T T T
Test for overall effect: Z=1-88 (p=0-06) 1 _O'IS 0 0l-5 1
Favours mHealth HBCR  Favours control

Figure 4: Forest plots of depression and anxiety

HBCR=home-based cardiac rehabilitation. SMD=standardised mean difference. *Risk of bias was assessed in seven domains, as shown in the columns below:
(1) random sequence generation; (1) allocation concealment; (1) masking of participants and personnel; (IV) masking of outcome assessment; (V) incomplete

outcome data; (V1) selective reporting; and (VII) other bias.

significant, whereas for 6MWT (24:74 m), they
approached clinical significance. The minimal clinically
important differences for 6MWT, VO, peak, and systolic
blood pressure have previously been estimated to be
25m,” 1.5 mL/kg per min,” and 4 mm Hg,” respectively.
With respect to the effectiveness of mHealth HBCR
compared with CBCR, the evidence was inconclusive.
We found no statistically significant differences between
the two cardiac rehabilitation models on exercise capacity
and cardiovascular risk factors in participants who were
clinically stable with coronary heart disease or heart
failure. The number of included studies was small, and
the quality of evidence ranged from low to very low.
Smartphone adoption has substantially increased over
the past decade across all age groups, including older
adults and minority racial and ethnic groups who
traditionally have lower participation in CBCR.**! Many
people without home broadband internet access rely on
their smartphones to access the internet. Hence, the
findings of our review have important implications. They
show that mHealth holds promise for expanding cardiac
rehabilitation outside of traditional in-person outpatient
settings to offer remote intervention to patients who are
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unable to attend CBCR in person, potentially improving
health outcomes and overcoming barriers such as
transportation, accessibility, and competing respon-
sibilities. However, further research is needed to improve
certainty in the estimates of effect and to elucidate which
patients would be optimal candidates. Trials of mHealth
HBCR have mainly been conducted in high-income
countries, on male participants, and have included
people with a history of myocardial infarction, stable
chronic angina, revascularisation, and chronic heart
failure. Hence, results might not be generalisable to the
wider community of patients with heart disease or
patients in low-income and middle-income countries.
Questions remain regarding which participants are more
likely to benefit from mHealth HBCR, how and where
such programmes should be delivered, and their effect
on outcomes in diverse populations. Given that studies
did not report data on clinical events, the effect of
mHealth HBCR on mortality, cardiovascular events, and
hospitalisations remains unknown. Also, because the
equipment for mHealth HBCR interventions was, in
most cases, provided as part of the study, the implications
for the purchase, implementation, and maintenance of
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such equipment, including training of participants on
how to use the technology, need to be considered because
these could be barriers to the expansion of CBCR using
mHealth technologies. Technology can further exacerbate
health disparities and social isolation when there is a lack
of sufficient support and training. Individual
characteristics and social determinants of health, such as
age, education, digital literacy, insurance, acuity of
illness, comorbidities, cognitive or physical impairments,
and access to the required technology and broadband
connectivity, need to be considered because they could
affect participation and adherence to mHealth HBCR.

Several other systematic reviews and meta-analyses
have been published on this topic.”**#** Although,
superficially, these reviews appear similar, there are
important differences in inclusion criteria from our
review, particularly in the inclusion and pooling of studies
involving heterogeneous types of telehealth technologies
(eg, videoconferencing wunits, home telemonitoring
stations, desktop computers, laptops, websites, web-based
platforms, and mHealth) and cardiac rehabilitation
phases (appendix pp 56-59). Differences in the inclusion
criteria and classification of studies impair the possibility
of directly comparing effect sizes between our review and
previous systematic reviews. Nonetheless, overall findings
suggest that, compared with usual care, telehealth-
supported HBCR interventions significantly improve
functional capacity, health-related quality of life, and
depression, whereas compared with CBCR, there are no
significant differences across outcomes.

Our review has some limitations. First, given the small
number of studies, we were unable to conduct subgroup
or meta-regression analyses to explore heterogeneity and
potential treatment effect modifiers. Second, due to poor
reporting of exercise adherence, we were unable to
consider the actual amount of exercise that participants
received or performed and assess potential exercise-
related changes. Third, although masking of participants
and personnel to group allocation is not possible in
studies of mHealth HBCR, we opted to include this
domain in the risk-of-bias assessment and rank down
our confidence in the evidence due to possible
performance bias. Also, we used a conservative OIS
threshold (400 per group for a total of 800 sample size) in
assessing imprecision of summary effects, following the
2022 GRADE guidelines.® These two choices could have
led to more conservative quality of evidence assessments.

Notwithstanding these limitations, our review is novel in
that we sought to determine the effects of mHealth HBCR,
one of the most popular and promising types of telehealth
intervention given the exponential growth and capabilities
of smartphone technology, while excluding other types of
technology interventions that might confound the effects
of mHealth. Also, we focused explicitly on phase II cardiac
rehabilitation interventions and used broad inclusion
criteria for the population to reflect current clinical
guidelines,”®* where an increasingly diverse patient

population with coronary heart disease, including heart
failure, are accessing cardiac rehabilitation services.
Employing a systematic and transparent method,” our
review implemented a comprehensive search strategy and
independent review and data extraction by two evaluators
to minimise errors and biases. The diversity of conditions
included in the studies enhances the generalisability of our
findings, making them more applicable to the broader set
of approved conditions for cardiac rehabilitation and more
relevant to clinical practice.

Overall, there is a crucial need for additional, well
designed, and adequately powered randomised controlled
trials to build a more robust evidence base on the
effectiveness of phase II mHealth HBCR to inform
clinical practice and policy. These trials need to include
adequate numbers of women and people with coronary
heart disease more representative of usual clinical
practice, including hard-to-reach groups (eg, older
people, minority ethnic groups, and disadvantaged
populations), to increase generalisability of results. Also,
future trials need to assess the impact of mHealth HBCR
on mortality and hospital admissions, including
cost-effectiveness.

Contributors

SK conceived the idea for this review. SK and LL designed and wrote the
review protocol with critical input from MR, GP, GW, and CO. LL and
SK developed the search strategy and conducted the searches in all
databases. LL and MR independently screened all references and
determined eligibility. SK oversaw and adjudicated the study selection
process. LL and SK independently extracted data, assessed risk of bias,
conducted the meta-analyses, and assessed quality of evidence by
outcome of interest. LL and SK drafted the manuscript. MR, GP, GW,
and CO were involved in the writing and revision of the manuscript.
All authors critically reviewed and approved the content of the
manuscript. All authors had full access to all the data in the study and
had final responsibility for the decision to submit for publication.

Declaration of interests

SK’s research on mHealth interventions and cardiovascular disease is
supported by the National Institutes of Health (NIH) through multiple
grants: ROIHL168376, R21NR018281, R33HL139454, and ROINR017635.
LL is supported by NITH/NHLBI grant ROIHL168376. All other authors
declare no competing interests.

Data sharing
The datasets generated from this review are available from the
corresponding author upon request.

References

1 Roth GA, Mensah GA, Johnson CO, et al. Global burden of
cardiovascular diseases and risk factors, 1990-2019: update from the
GBD 2019 study. ] Am Coll Cardiol 2020; 76: 2982-3021.

2 WHO. Cardiovascular diseases (CVDs). June 11, 2021. https://www.
who.int/news-room/fact-sheets/detail/cardiovascular-diseases-
(cvds) (accessed April 8, 2024).

3 American Association of Cardiovascular and Pulmonary
Rehabilitation. Guidelines for cardiac rehabilitation programs,
6th edn. Human Kinetics, 2021.

4 Brown TM, Pack QR, Aberegg E, et al. Core components of cardiac
rehabilitation programs: 2024 update: a scientific statement from
the American Heart Association and the American Association of
Cardiovascular and Pulmonary Rehabilitation. Circulation 2024;
150: 328-47.

5  Ambrosetti M, Abreu A, Corra U, et al. Secondary prevention through
comprehensive cardiovascular rehabilitation: from knowledge to
implementation. 2020 update. A position paper from the Secondary
Prevention and Rehabilitation Section of the European Association of
Preventive Cardiology. Eur J Prev Cardiol 2021; 28: 460-95.

www.thelancet.com/digital-health Vol 7 April 2025



Articles

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Tessler ], Bordoni B. Cardiac rehabilitation. StatPearls Publishing,
2024.

Achttien RJ, Staal JB, van der Voort S, et al. Exercise-based cardiac
rehabilitation in patients with chronic heart failure: a Dutch
practice guideline. Neth Heart ] 2015; 23: 6-17.

Lao SSW, Chair SY, Wang Q, Leong MLT. The feasibility and effects
of smartphone-based application on cardiac rehabilitation for
patients after percutaneous coronary intervention: a randomized
controlled trial. J Cardiovasc Nurs 2024; 39: 88-101.

Taylor RS, Dalal HM, McDonagh ST]. The role of cardiac
rehabilitation in improving cardiovascular outcomes.

Nat Rev Cardiol 2022; 19: 180-94.

Smith SC Jr, Benjamin EJ, Bonow RO, et al. AHA/ACCF secondary
prevention and risk reduction therapy for patients with coronary
and other atherosclerotic vascular disease: 2011 update: a guideline
from the American Heart Association and American College of
Cardiology Foundation. Circulation 2011; 124: 2458-73.
Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022 AHA/ACC/
HFSA guideline for the management of heart failure: a report of
the American College of Cardiology/American Heart Association
Joint Committee on Clinical Practice Guidelines. ] Am Coll Cardiol
2022; 79: €263-421.

Knuuti ], Wijns W, Saraste A, et al. 2019 ESC guidelines for the
diagnosis and management of chronic coronary syndromes.

Eur Heart ] 2020; 41: 407-77.

Grace SL, Turk-Adawi KI, Contractor A, et al. Cardiac rehabilitation
delivery model for low-resource settings: an international council of
cardiovascular prevention and rehabilitation consensus statement.
Prog Cardiovasc Dis 2016; 59: 303-22.

National Institute for Health and Care Excellence. Acute coronary
syndromes. NICE guideline [NG185]. Nov 18, 2020. https://www.
nice.org.uk/guidance/NG185 (accessed Oct 30, 2024).

National Institute for Health and Care Excellence. Chronic heart
failure in adults: diagnosis and management. NICE guideline
[NG106]. Sept 12, 2018. https://www.nice.org.uk/guidance/ngl06
(accessed Oct 30, 2024).

Chew DP, Scott IA, Cullen L, et al. National Heart Foundation of
Australia and Cardiac Society of Australia and New Zealand:
Australian clinical guidelines for the management of acute coronary
syndromes 2016. Med ] Aust 2016; 205: 128-33.

Nabutovsky I, Nachshon A, Klempfner R, Shapiro Y, Tesler R.
Digital cardiac rehabilitation programs: the future of patient-
centered medicine. Telemed | E Health 2020; 26: 34-41.

Peters AE, Keeley EC. Trends and predictors of participation in
cardiac rehabilitation following acute myocardial infarction:

data from the behavioral risk factor surveillance system.

J Am Heart Assoc 2017; 7: e007664.

Ruano-Ravina A, Pena-Gil C, Abu-Assi E, et al. Participation and
adherence to cardiac rehabilitation programs. A systematic review.
Int J Cardiol 2016; 223: 436-43.

Mochari H, Lee JR, Kligfield P, Mosca L. Ethnic differences in
barriers and referral to cardiac rehabilitation among women
hospitalized with coronary heart disease. Prev Cardiol 2006;

9: 8-13.

McCarthy MM, Vaughan Dickson V, Chyun D. Barriers to cardiac
rehabilitation in women with cardiovascular disease: an integrative
review. | Cardiovasc Nurs 2011; 26: E1-10.

Vanzella LM, Oh P, Pakosh M, Ghisi GLM. Barriers to cardiac
rehabilitation in ethnic minority groups: a scoping review.

J Immigr Minor Health 2021; 23: 824-39.

Supervia M, Medina-Inojosa JR, Yeung C, et al. Cardiac
rehabilitation for women: a systematic review of barriers and
solutions. Mayo Clin Proc 2017; 92: 565-77.

Ades PA, Keteyian SJ, Wright JS, et al. Increasing cardiac
rehabilitation participation from 20% to 70%: a road map from the
Million Hearts Cardiac Rehabilitation Collaborative. Mayo Clin Proc
2017; 92: 234-42.

Ritchey MD, Maresh S, McNeely J, et al. Tracking cardiac
rehabilitation participation and completion among Medicare
beneficiaries to inform the efforts of a national initiative.

Circ Cardiovasc Qual Outcomes 2020; 13: €005902.

Sukul D, Albright ], Thompson MP, et al. Predictors and variation
in cardiac rehabilitation participation after transcatheter aortic valve
replacement. JACC Adv 2023; 2: 100581.

www.thelancet.com/digital-health Vol 7 April 2025

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

43

45

Benzer W, Rauch B, Schmid JP, et al. Exercise-based cardiac
rehabilitation in twelve European countries results of the European
cardiac rehabilitation registry. Int J Cardiol 2017; 228: 58-67.
Bjarnason-Wehrens B, McGee H, Zwisler AD, et al. Cardiac
rehabilitation in Europe: results from the European Cardiac
Rehabilitation Inventory Survey. Eur J Cardiovasc Prev Rehabil 2010;
17: 410-18.

Grace SL, Turk-Adawi K, Santiago de Aratjo Pio C, Alter DA.
Ensuring cardiac rehabilitation access for the majority of those

in need: a call to action for Canada. Can J Cardiol 2016;

32 (suppl 2): S358-64.

Kotseva K, De Backer G, De Bacquer D, et al. Lifestyle and impact
on cardiovascular risk factor control in coronary patients across

27 countries: results from the European Society of Cardiology ESC-
EORP EUROASPIRE V registry. Eur ] Prev Cardiol 2019;

26: 824-35.

Chong MS, Sit JWH, Choi KC, Suhaimi A, Chair SY. Barriers to
cardiac rehabilitation and patient perceptions on the usage of
technologies in cardiac rehabilitation: a cross-sectional study.

J Clin Nurs 2024; 33: 1084-93.

Daly ], Sindone AP, Thompson DR, Hancock K, Chang E,
Davidson P. Barriers to participation in and adherence to cardiac
rehabilitation programs: a critical literature review.

Prog Cardiovasc Nurs 2002; 17: 8-17.

Beatty AL, Beckie TM, Dodson J, et al. A new era in cardiac
rehabilitation delivery: research gaps, questions, strategies, and
priorities. Circulation 2023; 147: 254-66.

Piepoli MF, Hoes AW, Agewall S, et al. 2016 European guidelines on
cardiovascular disease prevention in clinical practice: the sixth Joint
Task Force of the European Society of Cardiology and other societies
on cardiovascular disease prevention in clinical practice (constituted
by representatives of 10 societies and by invited experts): developed
with the special contribution of the European Association for
Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart |
2016; 37: 2315-81.

Thomas RJ, Beatty AL, Beckie TM, et al. Home-based cardiac
rehabilitation: a scientific statement from the American Association
of Cardiovascular and Pulmonary Rehabilitation, the American
Heart Association, and the American College of Cardiology.
Circulation 2019; 140: e69-89.

Beatty AL, Brown TM, Corbett M, et al. Million Hearts Cardiac
Rehabilitation Think Tank: accelerating new care models.

Circ Cardiovasc Qual Outcomes 2021; 14: e008215.

Masterson Creber R, Dodson JA, Bidwell J, et al. Telehealth and
health equity in older adults with heart failure: a scientific
statement from the American Heart Association.

Circ Cardiovasc Qual Outcomes 2023; 16: €000123.

Kirwan R, Perez de Heredia F, McCullough D, Butler T, Davies IG.
Impact of COVID-19 lockdown restrictions on cardiac rehabilitation
participation and behaviours in the United Kingdom.

BMC Sports Sci Med Rehabil 2022; 14: 67.

Varghese MS, Beatty AL, Song Y, et al. Cardiac rehabilitation and
the COVID-19 pandemic: persistent declines in cardiac
rehabilitation participation and access among US Medicare
beneficiaries. Circ Cardiovasc Qual Outcomes 2022; 15: €009618.
Pew Research Center. Mobile fact sheet. 2024. https://www.
pewresearch.org/internet/fact-sheet/mobile/ (accessed

Nov 14, 2024).

DeVore AD, Wosik ], Hernandez AF. The future of wearables in
heart failure patients. JACC Heart Fail 2019; 7: 922-32.

Elenko E, Underwood L, Zohar D. Defining digital medicine.

Nat Biotechnol 2015; 33: 456-61.

Beatty AL, Fukuoka Y, Whooley MA. Using mobile technology

for cardiac rehabilitation: a review and framework for development
and evaluation. | Am Heart Assoc 2013; 2: e000568.

Chow CK, Ariyarathna N, Islam SMS, Thiagalingam A, Redfern J.
mHealth in cardiovascular health care. Heart Lung Circ 2016;

25: 802-07.

Kitsiou S, Thomas M, Marai E, et al. Development of an
innovative mHealth platform for remote physical activity
monitoring and health coaching of cardiac rehabilitation patients.
IEEE EMBS International Conference on Biomedical & Health
Informatics; Feb 16-19, 2017, https://doi.org/10.1109/
BHI.2017.7897223.

e252



Articles

€253

47

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

Burke LE, Ma ], Azar KM], et al. Current science on consumer use
of mobile health for cardiovascular disease prevention: a scientific
statement from the American Heart Association. Circulation 2015;
132: 1157-213.

McDonagh ST, Dalal H, Moore S, et al. Home-based versus centre-
based cardiac rehabilitation. Cochrane Database Syst Rev 2023;

10: CD007130.

Gao Y, Wang N, Zhang L, Liu N. Effectiveness of home-based
cardiac telerehabilitation in patients with heart failure: a systematic
review and meta-analysis of randomised controlled trials.

J Clin Nurs 2023; 32: 7661-76.

Ramachandran HJ, Jiang Y, Tam WWS, Yeo T], Wang W.
Effectiveness of home-based cardiac telerehabilitation as

an alternative to phase 2 cardiac rehabilitation of coronary heart
disease: a systematic review and meta-analysis. Eur ] Prev Cardiol
2022; 29: 1017-43.

Zhong W, Liu R, Cheng H, et al. Longer-term effects of cardiac
telerehabilitation on patients with coronary artery disease:
systematic review and meta-analysis. JMIR Mhealth Uhealth 2023;
11: 46359.

Hu Y, Ding K, Wu G, Li X, Li ], Shang Z. The effect of technology-
based home cardiac rehabilitation on risk factor modifications in
coronary heart disease patients. A systematic review and meta-
analysis. Rev Cardiovasc Med 2024; 25: 59.

Higgins JP, Green S. Cochrane handbook for systematic reviews of
interventions. Wiley, 2008.

Liberati A, Altman DG, Tetzlaff ], et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration.
PLoS Med 2009; 6: €1000100.

Higgins JPT, Altman DG, Getzsche PC, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials.
BM]J 2011; 343: d5928.

Schiinemann HJ, Higgins JP, Vist GE, et al. Completing ‘summary
of findings’ tables and grading the certainty of the evidence.

In: Higgins JPT, Thomas J, Chandler J, et al, eds. Cochrane
handbook for systematic reviews of interventions, 2nd edn. Wiley,
2019: 375-402.

Guyatt GH, Oxman AD, Vist G, et al. GRADE guidelines: 4. Rating
the quality of evidence—study limitations (risk of bias).

J Clin Epidemiol 2011; 64: 407-15.

Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 7. Rating
the quality of evidence—inconsistency. J Clin Epidemiol 2011;

64: 1294-302.

Guyatt G, Zhao Y, Mayer M, et al. GRADE guidance 36: updates to
GRADE’s approach to addressing inconsistency. | Clin Epidemiol
2023; 158: 70-83.

Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 8. Rating
the quality of evidence—indirectness. J Clin Epidemiol 2011;

64: 1303-10.

Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines 6. Rating
the quality of evidence—imprecision. J Clin Epidemiol 2011;

64: 1283-93.

Zeng L, Brignardello-Petersen R, Hultcrantz M, et al. GRADE
guidance 34: update on rating imprecision using a minimally
contextualized approach. J Clin Epidemiol 2022; 150: 216-24.
Guyatt GH, Oxman AD, Montori V, et al. GRADE

guidelines: 5. Rating the quality of evidence—publication bias.

J Clin Epidemiol 2011; 64: 1277-82.

Santesso N, Glenton C, Dahm P, et al. GRADE guidelines 26:
informative statements to communicate the findings of systematic
reviews of interventions. J Clin Epidemiol 2020; 119: 126-35.

Dorje T, Zhao G, Tso K, et al. Smartphone and social media-based
cardiac rehabilitation and secondary prevention in China (SMART-
CR/SP): a parallel-group, single-blind, randomised controlled trial.
Lancet Digit Health 2019; 1: €363-74.

Lee YH, Hur SH, Sohn J, et al. Impact of home-based exercise
training with wireless monitoring on patients with acute coronary
syndrome undergoing percutaneous coronary intervention.

J Korean Med Sci 2013; 28: 564-68.

Li Z, Hui Z, Zheng Y, Yu ], Zhang J. Efficacy of phase II remote
home rehabilitation in patients with acute myocardial infarction
after percutaneous coronary intervention.

Contrast Media Mol Imaging 2022; 2022:: 4634769.

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

Nagatomi Y, Ide T, Higuchi T, et al. Home-based cardiac
rehabilitation using information and communication technology
for heart failure patients with frailty. ESC Heart Fail 2022;

9: 2407-18.

Peng X, Su'Y, Hu Z, et al. Home-based telehealth exercise training
program in Chinese patients with heart failure: a randomized
controlled trial. Medicine (Baltimore) 2018; 97: €12069.

Song Y, Ren C, Liu P, Tao L, Zhao W, Gao W. Effect of
smartphone-based telemonitored exercise rehabilitation among
patients with coronary heart disease. J Cardiovasc Transl Res 2020;
13: 659-67.

Su JJ, Yu DS. Effects of a nurse-led eHealth cardiac rehabilitation
programme on health outcomes of patients with coronary heart
disease: a randomised controlled trial. Int ] Nurs Stud 2021;

122: 104040.

Batalik L, Dosbaba F, Hartman M, Batalikova K, Spinar J. Benefits
and effectiveness of using a wrist heart rate monitor as

a telerehabilitation device in cardiac patients: a randomized
controlled trial. Medicine (Baltimore) 2020; 99: €19556.

Piotrowicz E, Baranowski R, Bilinska M, et al. A new model of
home-based telemonitored cardiac rehabilitation in patients with
heart failure: effectiveness, quality of life, and adherence.

Eur | Heart Fail 2010; 12: 164-71.

Piotrowicz E, Zielinski T, Bodalski R, et al. Home-based
telemonitored Nordic walking training is well accepted, safe,
effective and has high adherence among heart failure patients,
including those with cardiovascular implantable electronic
devices: a randomised controlled study. Eur J Prev Cardiol 2015;
22: 1368-77.

Snoek JA, Prescott EI, van der Velde AE, et al. Effectiveness of
home-based mobile guided cardiac rehabilitation as alternative
strategy for nonparticipation in clinic-based cardiac rehabilitation
among elderly patients in Europe: a randomized clinical trial.
JAMA Cardiol 2021; 6: 463—68.

Varnfield M, Karunanithi M, Lee CK, et al. Smartphone-based
home care model improved use of cardiac rehabilitation in
postmyocardial infarction patients: results from a randomised
controlled trial. Heart 2014; 100: 1770-79.

Olivier CB, Middleton SK, Purington N, et al. Why digital health
trials can fail: lessons learned from a randomized trial of health
coaching and virtual cardiac rehabilitation. Cardiovasc Digit Health |
2021; 2: 101-08.

Gremeaux V, Troisgros O, Benaim S, et al. Determining the
minimal clinically important difference for the six-minute walk test
and the 200-meter fast-walk test during cardiac rehabilitation
program in coronary artery disease patients after acute coronary
syndrome. Arch Phys Med Rehabil 2011; 92: 611-19.

Wilkinson TJ, Watson EL, Xenophontos S, Gould DW, Smith AC.
The “minimum clinically important difference” in frequently
reported objective physical function tests after a 12-week renal
rehabilitation exercise intervention in nondialysis chronic kidney
disease. Am | Phys Med Rehabil 2019; 98: 431-37.

Umemura S, Arima H, Arima S, et al. The Japanese Society of
Hypertension guidelines for the management of hypertension (JSH
2019). Hypertens Res 2019; 42: 1235-481.

Berenguer A, Goncalves ], Hosio S, Ferreira D, Anagnostopoulos T,
Kostakos V. Are smartphones ubiquitous?: An in-depth survey of
smartphone adoption by seniors. IEEE Consum Electron Mag 2017;
6: 104-10.

Anderson-Lewis C, Darville G, Mercado RE, Howell S, Di Maggio S.
mHealth technology use and implications in historically
underserved and minority populations in the United States:
systematic literature review. JMIR Mhealth Uhealth 2018; 6: €128.
Hamilton SJ, Mills B, Birch EM, Thompson SC. Smartphones in
the secondary prevention of cardiovascular disease: a systematic
review. BMC Cardiovasc Disord 2018; 18: 25.

Cavalheiro AH, Silva Cardoso ], Rocha A, Moreira E, Azevedo LF.
Effectiveness of tele-rehabilitation programs in heart failure:

a systematic review and meta-analysis. Health Serv Insights 2021;
14: 11786329211021668.

Zhong W, Fu C, Xu L, et al. Effects of home-based cardiac
telerehabilitation programs in patients undergoing percutaneous
coronary intervention: a systematic review and meta-analysis.

BMC Cardiovasc Disord 2023; 23: 101.

www.thelancet.com/digital-health Vol 7 April 2025



Articles

85 Dwiputra B, Santoso A, Purwowiyoto BS, et al. Smartphone-based
cardiac rehabilitation program improves functional capacity in
coronary heart disease patients: a systematic review and meta-
analysis. Glob Heart 2023; 18: 42.

86 Jin Choo Y, Chang MC. Effects of telecardiac rehabilitation on
coronary heart disease: a PRISMA-compliant systematic review and
meta-analysis. Medicine (Baltimore) 2022; 101: €29459.

87 Murphy AC, Meehan G, Koshy AN, Kunniardy P, Farouque O,
Yudi MB. Efficacy of smartphone-based secondary preventive
strategies in coronary artery disease. Clin Med Insights Cardiol 2020;
14: 1179546820927402.

www.thelancet.com/digital-health Vol 7 April 2025

88

89

90

Xu L, Li F, Zhou C, Li ], Hong C, Tong Q. The effect of mobile
applications for improving adherence in cardiac rehabilitation:

a systematic review and meta-analysis. BMC Cardiovasc Disord 2019;
19: 166.

Pagliari C, Isernia S, Rapisarda L, et al. Different models of cardiac
telerehabilitation for people with coronary artery disease: features
and effectiveness: a systematic review and meta-analysis. | Clin Med
2024; 13: 3396.

Paré G, Tate M, Johnstone D, Kitsiou S. Contextualizing the twin
concepts of systematicity and transparency in information systems
literature reviews. Eur J Inf Syst 2016; 25: 493-508.

€254



	Effectiveness of home-based cardiac rehabilitation interventions delivered via mHealth technologies: a systematic review and meta-analysis
	Introduction
	Methods
	Search strategy and selection criteria
	Data analysis
	Role of the funding source

	Results
	Discussion
	References


