
Review

Effectiveness of eHealth Interventions on Moderate-to-Vigorous
Intensity Physical Activity Among Patients in Cardiac
Rehabilitation: Systematic Review and Meta-analysis

Tianzhuo Yu, BS; Haiyan Xu, PhD; Xin Sui, MD; Xin Zhang, BS; Yue Pang, MD; Tianyue Yu, BS; Xiaoqian Lian,
BS; Ting Zeng, BS; Yuejin Wu, BS; Xin Leng, BS; Feng Li, PhD
School of Nursing, Jilin University, Changchun, China

Corresponding Author:
Feng Li, PhD
School of Nursing
Jilin University
965 Xinjiang St
Changchun, 130021
China
Phone: 86 17790089009
Email: fli@jlu.edu.cn

Abstract

Background: Cardiac rehabilitation is a class IA recommendation for patients with cardiovascular diseases. Physical activity
is the core component and core competency of a cardiac rehabilitation program. However, many patients with cardiovascular
diseases are failing to meet cardiac rehabilitation guidelines that recommend moderate-to-vigorous intensity physical activity.

Objective: The major objective of this study was to review the evidence of the effectiveness of eHealth interventions in increasing
moderate-to-vigorous intensity physical activity among patients in cardiac rehabilitation. The secondary objective was to examine
the effectiveness of eHealth interventions in improving cardiovascular-related outcomes, that is, cardiorespiratory fitness, waist
circumference, and systolic blood pressure.

Methods: A comprehensive search strategy was developed, and a systematic search of 4 electronic databases (PubMed, Web
of Science, Embase, and Cochrane Library) was conducted for papers published from the start of the creation of the database
until November 27, 2022. Experimental studies reporting on eHealth interventions designed to increase moderate-to-vigorous
intensity physical activity among patients in cardiac rehabilitation were included. Multiple unblinded reviewers determined the
study eligibility and extracted data. Risk of bias was evaluated using the Cochrane Collaboration Tool for randomized controlled
trials and the Cochrane Effective Practice and Organization of Care group methods for nonrandomized controlled trials. A
random-effect model was used to provide the summary measures of effect (ie, standardized mean difference and 95% CI). All
statistical analyses were performed using Stata 17.

Results: We screened 3636 studies, but only 29 studies were included in the final review, of which 18 were included in the
meta-analysis. The meta-analysis demonstrated that eHealth interventions improved moderate-to-vigorous intensity physical
activity (standardized mean difference=0.18, 95% CI 0.07-0.28; P=.001) and vigorous-intensity physical activity (standardized
mean difference=0.2, 95% CI 0.00-0.39; P=.048) but did not improve moderate-intensity physical activity (standardized mean
difference=0.19, 95% CI –0.12 to 0.51; P=.23). No changes were observed in the cardiovascular-related outcomes. Post hoc
subgroup analyses identified that wearable-based, web-based, and communication-based eHealth intervention delivery methods
were effective.

Conclusions: eHealth interventions are effective at increasing minutes per week of moderate-to-vigorous intensity physical
activity among patients in cardiac rehabilitation. There was no difference in the effectiveness of the major eHealth intervention
delivery methods, thereby providing evidence that in the future, health care professionals and researchers can personalize convenient
and affordable interventions tailored to patient characteristics and needs to eliminate the inconvenience of visiting center-based
cardiac rehabilitation programs during the COVID-19 pandemic and to provide better support for home-based maintenance of
cardiac rehabilitation.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42021278029;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=278029
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Introduction

Background
Cardiovascular diseases (CVDs) are defined as diseases
concerning the heart or blood vessels and are a range of
disorders involving the circulatory system. CVDs are the leading
cause of death globally [1] and are responsible for approximately
20% of the worldwide disease burden [2]. Cardiac rehabilitation
(CR) is a class IA recommendation for people with CVD and
can reduce mortality, morbidity, and unplanned hospital
admissions as well as improve exercise capacity, quality of life,
and psychological well-being [3]. The American Heart
Association professional medical guidelines strongly recommend
referral to CR after acute coronary syndrome, percutaneous
coronary syndrome, coronary artery bypass surgery, and stable
angina [4]. As a core component and core competency of CR
programs [5], physical activity is one of the best lifestyle risk
factor management strategies for patients to reduce the
progression of CVD or death from CVD [6]. Physical activity
is “any bodily movement produced by the skeletal muscle that
requires energy expenditure” [7]. The World Health
Organization recommends that adults and older adults (aged 18
years and older) with chronic conditions but without
contraindications accumulate at least 150 minutes of weekly
moderate-to-vigorous intensity physical activity (MVPA) to
receive substantial health benefits [8]. Current CR guidelines
recommend that patients with stable CVD engage in 30-60
minutes of moderate-intensity physical activity (MPA) (eg,
brisk walking) at least 5 days per week (preferably 7 days per
week), supplemented by increased daily lifestyle physical
activity (eg, household work or walking during breaks from
work) to improve cardiorespiratory fitness (CRF) [6,9].
However, previous observational studies demonstrated that
many people with CVD fail to meet the recommended daily
physical activity levels [10], and many patients in CR continue
to be physically inactive despite participation in CR [11], with
as little as 11 minutes per day of MVPA [12]. There is an urgent
need for an effective method to supervise physical activity in
patients with CVD who require CR. A systematic review of the
impact of increased physical activity in the secondary prevention
of coronary heart disease by Vasankari et al [13] found that new
tools using web-based apps and smart devices are promising
means of providing remote guidance for patients who are unable
to participate in regular exercise sessions. Web-based apps and
smart devices fall squarely into the category of eHealth. eHealth
is defined broadly as “an emerging field in the intersection of
medical informatics, public health and business, referring to
health services and information delivered or enhanced through
the internet and related technologies” [14] and provides a unique
opportunity for the implementation of population-wide
behavioral interventions targeting physical activity [15]. eHealth
intervention technologies include telemedicine or telehealth,
web-based strategies, email, mobile phones, mobile or

smartphone apps, text messaging, digital games, and wearables
or monitoring devices [16,17]. They are highly recommended
for encouraging and tracking MVPA due to their low cost, high
efficiency, and accessible data collection [18,19]. eHealth
interventions showed promising results in CR, supporting
physical activity improvement. For example, Ashur et al [20]
reviewed the use of wearable activity trackers to promote
physical activity among patients in CR and found that all 3
studies that included a pedometer or an accelerometer showed
statistically significant improvements in daily step counts. Duan
et al [21] conducted a meta-analysis of the impact of
eHealth-based multiple health behavior change interventions
on physical activity in people with noncommunicable diseases
and showed that those interventions significantly promoted
physical activity (standardized mean difference [SMD]=0.85,
95% CI 0.23-1.47; P=.008).

Physical activity is a key outcome measure of progress made
by people participating in CR [22]. Few reviews have measured
physical activity levels in patients in CR by counting the number
of steps per day or leisure physical activity time instead of
MVPA [23]. Recently, Patterson et al [23] completed a
systematic review and meta-analysis on MVPA in people with
CVD, but studies only included smartphone app interventions,
which is only one branch of eHealth interventions. No study
has specifically reported on the effects of more comprehensive
eHealth interventions on MVPA among patients in CR.
Therefore, to compare the effectiveness of eHealth interventions
with that of non-eHealth interventions in improving MVPA in
patients in CR, we performed this systematic review and
meta-analysis.

CR improves survival in people with CVD, mediated mainly
by improvements in CRF. CRF is an indicator of heart and body
muscle function, and in addition to genetic factors, it largely
reflects the level of physical activity [24]. There is a wide variety
of methods to assess CRF, including peak oxygen uptake
measured directly during cardiorespiratory exercise testing or
the 6-minute walk test. Vanhees et al [25] demonstrated that
peak oxygen uptake after exercise training remained a significant
independent predictor for all-cause and cardiovascular mortality.
Similarly, as also found by Carbone et al [26], post-CR peak
oxygen uptake was a strong and independent predictor of
long-term survival in people with coronary heart disease.
Obesity is a risk factor for CVD, and it causes various metabolic
diseases, particularly damage of the circulatory system [27].
Bastien et al [28] showed that waist circumference (WC) could
represent central obesity and is essential for determining overall
health and cardiovascular risks. Hypertension is among the most
modifiable CVD risk factors, and successful control of systolic
blood pressure (SBP) is recognized as essential to long-term
cardiovascular health [29]. There is evidence that CR and
exercise training produce marked benefits in CRF and
cardiovascular risk factors such as obesity index and blood
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pressure [30]. Therefore, we selected CRF, WC, and SBP as
cardiovascular-related secondary outcomes.

Aims of This Review
The primary aim of this study was to systematically review and
report on the evidence examining the effectiveness of eHealth
interventions designed to increase MVPA among patients in
CR. The secondary aim was to investigate the effectiveness of
eHealth interventions in improving cardiovascular-related
outcomes.

Methods

Overview
The methods were registered prospectively with PROSPERO
(International Prospective Register of Systematic Reviews,
registration CRD42021278029, registration date: September
17, 2021). This paper has been amended from the information
provided at registration (Multimedia Appendix 1). This paper
was prepared in adherence to the recommendations of the
Cochrane Collaboration [31] and the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
2020 statement [32] (Multimedia Appendix 2).

Eligibility Criteria
This review included studies reporting on eHealth interventions
designed to increase MVPA among patients in CR.

Participants
Studies were included if participants were adults (≥18 years)
with CVD who were eligible for CR. There were no restrictions
on the other demographic data of the participants.

Interventions
eHealth was considered as any intervention that included at
least one of the following components: wearable health and
movement trackers, websites, smartphone apps, messaging
services (ie, text messaging, emails), video games, or telehealth
[18]. Studies that used single-component or multicomponent
eHealth interventions as the stand-alone or the primary
component for the intervention were included. Increasing MVPA
was an aim of the intervention in each of the studies.

Comparators
Control groups were used, when available, to compare the
effects between groups by using meta-analysis. The control
groups included participation in the non–eHealth interventions
(eg, usual care that follows standard CR exercise guidelines or
center-based CR exercises).

Outcomes
According to the classification of physical activity intensity in
the 2021 European Society of Cardiology Guidelines on CVD
prevention in clinical practice, moderate intensity is defined as
3-5.9 metabolic equivalents of a task (METs) (eg, walking at a
moderate or brisk pace, slow cycling, double tennis) and
vigorous intensity is defined as ≥6 METs (eg, race walking,
running, single tennis) [33]. The primary outcome was defined
as the total amount of physical activity executed with at least
moderate intensity per week measured either objectively (eg,

accelerometers, pedometers) or by self-report (eg,
questionnaires, diaries). “At least moderate-intensity” physical
activity refers to physical activity of moderate intensity, vigorous
intensity, and moderate-to-vigorous intensity. Because many
studies do not measure MPA and VPA separately but rather
measure the sum of MPA and VPA as a whole, that is, MVPA,
our primary outcome indicators included not only MPA and
VPA but also MVPA. Secondary outcomes included CRF, WC,
and SBP.

Study Designs
Experimental studies (ie, multicenter randomized controlled
trial [RCT], single-center RCT, cluster RCT, quasi-experimental,
and pre-post studies) were eligible.

Publication Status and Language
Full-text research papers were eligible for this review, but
conference abstracts, dissertations, and grey literature were
ineligible. There were no restrictions on the language of
publication.

Information Sources
Four electronic databases (PubMed, Web of Science, Embase,
and Cochrane Library) were searched from inception to
November 27, 2022. In addition, reference lists of the included
studies and relevant systematic reviews and meta-analyses
identified by the search strategy were manually searched to
identify additional studies.

Search Strategy
The search strategy was designed around 4 subject areas: CR,
eHealth, physical activity, and experimental studies (Multimedia
Appendix 3). The key search terms included CR, eHealth, cell
phone, text messaging, internet, mobile apps, web-based,
computer-assisted instruction, computer-tailored, Wii, exercise
video games, accelerometry, electronic mail, wearable devices,
mHealth, telemedicine, physical activity, motor activity,
exercise, physical fitness, physical education and training,
exercise therapy, movement, bicycling, walking, running, yoga,
moderate intensity activity, vigorous intensity activity, MVPA,
program evaluation, evaluation study, multicenter study,
observational study, RCT, clinical trial, controlled clinical trial,
case-control studies, and cohort studies. This strategy was
developed in PubMed and was modified for other databases.

Selection Process
The search results were exported into the document management
software EndNote 20.1, and duplicates were removed. Two
independent reviewers, Tianzhuo Y and HX, screened the titles
and the abstracts of each study to identify potentially relevant
papers. In addition, the full texts of all the papers that met the
inclusion criteria were obtained and independently reviewed.
When disagreements between reviewers arose, discrepancies
were resolved by FL, a third reviewer.

Data Collection Process and Data Items
Two independent reviewers, Tianzhuo Y and XS, extracted and
verified the data, and any cases of disagreement were arbitrated
by FL. Data sheets were created in preestablished Microsoft
Excel, which included publication details (first author,
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publication year, country), participants’ characteristics (age,
gender, referral diagnosis), sample size, study design
(multicenter RCT, single-center RCT, cluster RCT,
quasi-experimental, pre-post), intervention, control description
(eHealth component, content description of intervention group
or control group), blinding and randomization techniques,
methods of MVPA measurement (measurement tool, objective
or self-reported measurement, units of measurement), MVPA
data (baseline and postintervention mean differences, standard
deviations, medians, interquartile range, and percentages)
reported in minutes per week, MET-minutes per week, METs
per week, and percentage of time per day. CRF, WC, and SBP
were also extracted.

Study Risk of Bias Assessment
The Cochrane Collaboration Tool was used for RCTs to assess
the risk of bias in individual studies [34]. Risk of bias summary
in RCTs was assessed using Review Manager 5.4.1 (The
Cochrane Collaboration). Each criterion was rated as low risk,
high risk, and unclear risk [29]. Additionally, the global risk of
bias was assigned to each study based on the sum of 6 criteria
(low risk=0 points, unclear risk=1 point, and high risk=2 points).
The global risk of each study ranged from 0 (the lowest) to 12
(the highest). For non-RCTs, the Cochrane Effective Practice
and Organization of Care review group methods was used to
assess potential bias in individual studies [35]. Another source
of bias was whether MVPA measurement methods were
objective or subjective. Self-reported data and directly measured
physical activity data differed greatly [36]. Tianzhuo Y
performed the risk of bias assessment, which was independently
verified by XZ. Disagreements between reviewers were resolved
through discussion with FL.

Effect Measures
Only studies reporting MVPA in minutes per week or
MET-minutes per week and presenting data as the mean (SD)
or mean difference and SD of the difference were included in
the meta-analysis. Posttest difference between the intervention
group and control group was used as the effect size estimate for
data presented as mean (SD), while the pre-post change between
the 2 groups was used as the effect size estimate for data
presented as mean difference and SD of the difference.

Synthesis Methods
All statistical analyses were performed using Stata BE, version
17 (StataCorp LLC). SMD (Cohen d and 95% CI) was used to
calculate the effect sizes for data on continuous variables
between the 2 groups. Considering the heterogeneity of different
studies, the random-effect model (DerSimonian and Laird
method) was used to calculate the weighted effect size. When
a single study existed with more than 1 intervention or control
group, they were combined to create a single intervention and
control group for each study in the meta-analysis [31].

Subgroup Analysis
Priori-determined subgroup analyses were performed to test for
differences in sample size (<50 participants vs ≥50 participants),
measurement method (self-reported vs objective), intervention
component (single component vs multicomponent), intervention
characteristic (standardized vs tailored), intervention duration

(<12 weeks vs ≥12 weeks), interaction with health care
professionals (interaction vs no interaction), and control
characteristic (supervised vs unsupervised). According to the
Cochrane Manual, if the number of studies included in this
result is less than 10, it is not meaningful and subgroup analysis
is not performed [37]. If a subgroup contained only 1 study, the
subgroup analysis was not performed for this outcome. In
addition, to prevent some studies from using multiple
intervention delivery methods, causing some factors such as
mutual confounding or possible collinearity, and thus leading
to incorrect conclusions in subgroup analysis, we conducted a
post hoc subgroup analysis of the intervention delivery methods
(wearable-based vs web-based [web portal or smartphone app]
vs communication-based [emails, text messages, or telephone
counseling]) and did not test the overall statistics or
heterogeneity between the groups.

Publication Bias
Publication bias was assessed visually by a funnel plot and
statistically by the Egger test. If the funnel plot or Egger test
indicated publication bias, the trim-and-fill (Duval and Tweedie)
procedure was used to estimate the pooled effect sizes adjusting
for publication bias.

Sensitivity Analysis

If the I2 statistic with values showed heterogeneity, a Galbraith
plot was made to determine which study was the source of
heterogeneity. A sensitivity analysis was performed by removing
the single study method. Post hoc sensitivity analyses of the
primary outcomes were performed using the fixed-effects model,
Hedge test, or excluding non-RCTs. We also examined the
effect of individual studies by using the “metan inf” command
on the pooled effect size.

Certainty Assessment
The quality of the evidence was assessed using the Grading of
Recommendations Assessment, Development and Evaluation
(GRADEpro GDT, web-based version) professional guideline
development tool. Although evidence based on RCTs begins
as high-quality evidence, to reduce the decline of confidence
in the evidence, the quality of evidence was still determined by
assessing the (1) risk of bias, (2) inconsistency, (3) indirectness,
(4) imprecision, and (5) publication bias [38]. In addition,

heterogeneity was assessed using the I2 statistic with values
>75%, and P<.10 was used to indicate considerable
heterogeneity across studies [39].

Results

Selection of the Studies
The database search completed on November 27, 2022,
identified 3624 records. Four databases were searched: PubMed
(n=491), Web of Science (n=1733), Embase (n=762), and
Cochrane Library (n=638). Twelve additional records were
identified by manually searching reference lists of the included
studies and relevant systematic reviews and meta-analyses.
After removing duplicates, a total of 2630 records remained.
After title and abstract screening, 101 full-text papers were
reviewed for eligibility. Twenty-nine studies met the inclusion
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criteria and were included in the final analysis. Of the 29 studies
in this review, 18 were included in the meta-analysis.
Cardiovascular-related outcomes were reported in several

studies: CRF (n=8), WC (n=5), and SBP (n=10). Figure 1
provides reasons for the exclusion of studies from this review.

Figure 1. Flowchart for study identification, screening, eligibility, and inclusion. MVPA: moderate-to-vigorous intensity physical activity.

Characteristics of the Studies
The characteristics of the studies are shown in Multimedia
Appendix 4. MVPA outcomes are provided in Multimedia
Appendix 5. Studies included in the systematic review were
published between 2009 and 2022 and conducted in 16 countries
(United States of America [n=9], Canada [n=5], Belgium [n=3],
Finland, Netherlands, Ireland, New Zealand, Jordan, Norway,
United Kingdom, France, Spain, Portugal, Australia, and China).
Twenty-three RCTs [40-62], 2 quasi-experimental [63,64], and
4 pre-post [65-68] studies examined changes in MVPA levels
following eHealth interventions. All papers were published in
English. A total of 3261 patients (mean age range, 54-71 years)
in CR participating in 29 studies were included in this systematic
review. The sample sizes ranged from 10 [68] to 500 [57]. Most
patients in phase II or III CR were referred because of a
diagnosis of coronary heart disease, myocardial infarction,
coronary artery bypass surgery, coronary artery disease, stable
angina, acute coronary syndrome, percutaneous coronary
intervention, heart valve repair, percutaneous transluminal
coronary angioplasty, heart failure, and heart transplant.

Intervention Details
Interventions varied widely between and among the studies.
Seventeen studies used multiple eHealth components
[40,43-45,47,48,50-53,56,57,60,61,63,67,68], and 12 studies
used a single eHealth component [41,42,46,49,54,55,58,59,
62,64-66]. Fourteen studies used wearable devices such as heart
rate monitors to monitor heart rate or electrocardiography to

adjust exercise prescription to reach the target heart rate zone
for maintaining optimal levels of physical activity and
cardiovascular health [40,43,45,48,60], pedometers or
accelerometers to monitor and record physical activity remotely
[47,51,52,57,63,64,67,68], and a VTAP device to remind and
remain physically active [46]. Twelve studies used web-based
portals, with interventions including websites with CVD
self-management information about healthy lifestyle behaviors
(eg, progressing physical activity incrementally, nutrition,
emotion management, smoking cessation)
[42-44,48,55,58,62,65], websites with physical activity tracking
tools (eg, uploading physical activity data, web-based exercise
diaries) for personally tailored physical activity goal setting and
feedback on achieving physical activity goals [40,45,53,59],
and websites with a web-based discussion forum for
communication with CR professionals or nurses and patients
for social support [42,43,62]. Nine studies used smartphone
apps, the same as web portal, to allow people to set physical
activity goals [45,56,67,68], offer exercise sessions
[55,56,61,68], and upload physical activity data facilitating
review and self-monitoring [45,47,48,56,60,61,68]. Ten studies
used messaging services as reminders to carry on with the
physical activity programs as indicated in the prescription and
support to achieve the physical activity goals
[45,47,50,51,56,57,63,66], as feedback according to physical
activity performance [51,53,57,60]. Eight studies conducted
consultations to obtain tailored feedback on engagement in
physical activity via telephone calls [41,44,47,49,50,52,54,60].
Significant non-eHealth aspects of the interventions included
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the provision of exercise prescriptions [41], verbal or written
advice about maintaining physical activity
[43,47-50,52-55,60,63,64], and supervised exercise sessions by
exercise physicians in outpatients or CR clinics
[40,42,44-46,51,60-62]. Few of the interventions were designed
using health behavior theories such as the behavior change
theory [67,68], Lorig chronic disease self-management model
[49], Hibbard patient activation theory [49], Bandura
conceptualization of self-efficacy [49], social cognitive theory
[44,50], self-efficacy theory [50], planned behavior theory [50],
goal-setting theory [57], health action process approach model
[56,59], and self-determination theory [58].

Risk of Bias in Studies
Figure 2 shows the assessment of risk of bias in RCTs [40-62]
(n=23). The greatest risk of bias resulted from “other bias”
because self-reported methods were largely used for the
measurement of MVPA [42,48,50,51,53-56,58,59,61] (11/23,
48%). Second, the risk of bias came from blinding participants
and personnel [40,41,46,49,50,56] (6/23, 26%). Nevertheless,
due to the nature of the physical activity intervention, it was
impossible to blind patients or the health care professionals

delivering the intervention to group allocation. Three (13%)
studies [50,60,62] had a high risk of blinding outcome
assessment for not being blinded to outcome evaluators. Only
2 (9%) studies [59,60] had a high risk of incomplete outcome
data; in 1 study [59], the number and cause of missing outcome
data were inconsistent between groups, and the other study [60]
had more missing data on physical activity outcome, which may
have affected the effectiveness of the intervention. There was
no high-risk bias in random sequence generation, allocation
concealment, or selective reporting. The global risk of bias
scores ranged from 0 to 6, with a mean score of 3.09. Figure 3
shows the risk of bias summary for non-RCTs [63-68], which
is drawn with reference to the Review Manager 5.4.1 risk of
bias assessment. Because these 6 studies were non-RCTs, the
sequence generation and allocation were high risks or unclear
risks. Four of these were pre-post studies [65-68], and there was
no baseline comparison between groups; therefore, both baseline
outcome measurements and characteristics were high risk. One
study [67] did not blind outcome evaluators; therefore, there
was a high risk of preventing contamination. Three studies
[65,66,68] assessed MVPA by using the self-reported method;
therefore, there was a high risk in terms of other risks of bias.

Figure 2. Risk of bias summary in randomized controlled trials [40-62].
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Figure 3. Risk of bias summary in nonrandomized controlled trials [63-68].

Results of Individual Studies and Results of Syntheses

Effect on MVPA
A summary of the primary outcomes by study design in the
included studies is shown in Multimedia Appendix 6. Of the
29 included studies [41-68], 18 [40,41,43,44,46-49,53-55,
57,58,60,63-65,67] assessed the impact of eHealth intervention
on the time spent on MVPA and reported mixed results. Of
these 18 studies, 14 [40,41,43,44,46-49,53-55,57,58,60] were
RCTs, 2 [63,64] were quasi-experimental studies, and 2 [65,67]
were pretest/posttest studies. Four studies [43,47,55,57] reported
that the eHealth intervention exerted a positive effect on the
time spent on MVPA, 2 [64,65] reported that the pre-post

difference between groups was statistically significant, 4 (ie,
[41] for the male cohort, [44,49,63]) reported that no difference
existed between the intervention and control groups for the time
spent on MVPA, and 5 (ie, [40], [41] for the female cohort,
[46,58,60]) suggested a trend toward an increase in the time
spent on MVPA after the eHealth intervention, although the
difference was not statistically significant. According to the
requirements for inclusion in the meta-analysis, 13
[40,41,43,44,46-49,53-55,63,64] eligible studies (n=1430) were
meta-analyzed, and the results demonstrated that eHealth
interventions increased the time spent on MVPA, although the
effect size was small (SMD=0.18, 95% CI 0.07-0.28; P=.001;

Q(13)=10; P=.69; I2=0%; as shown in Figure 4).
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Figure 4. Effects of eHealth on changes in the time spent on moderate-to-vigorous intensity physical activity among patients in cardiac rehabilitation
[40,41,43,44,46-49,53-55,63,64]. SMD: standardized mean difference.

Effect on MPA
Thirteen studies [42,45,50-52,56,59-62,65,66,68] assessed the
impact of the eHealth intervention on the time spent on MPA;
10 were RCTs [42,45,50-52,56,59-62] and 3 were pre-post
studies [65,66,68]. Four [50,52,61,62] reported a positive effect,
2 [45,66] reported that no difference existed between groups,
and 4 [42,59,60,68] suggested a trend toward an increase,

although not statistically significant. According to the
requirements for inclusion in the meta-analysis, 5 [42,45,50-52]
eligible studies (n=594) were meta-analyzed, and the results of
minutes per week of MPA were not statistically significant.
There were no changes in the time spent on MPA (SMD=0.19,

95% CI –0.12 to 0.51; P=.23; Q(4)=13.49; P=.009; I2=70.3%),
as shown in Figure 5.

Figure 5. Effects of eHealth on changes in the time spent on moderate-intensity physical activity among patients in cardiac rehabilitation [42,45,50-52].
SMD: standardized mean difference.

Effect on VPA
Eight studies [42,45,51,56,59-61,65] assessed the impact of
eHealth interventions on the time spent on vigorous-intensity
physical activity (VPA); 7 [42,45,51,56,59-61] were RCTs, and
1 study [65] had a pre-post design. Four [42,45,59,60] of them
suggested a trend toward an increase, but the increase was not

statistically significant; only 1 study [65] showed statistically
significant differences between pre-post results within the group.
According to the requirements for inclusion in the meta-analysis,
3 eligible studies [42,45,51] (n=424) were meta-analyzed, and
the results demonstrated that eHealth interventions increased
the time spent on VPA (SMD=0.20, 95% CI 0.00-0.39; P=.048;

Q(2)=0.88; P=.64; I2=0%), as shown in Figure 6.
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Figure 6. Effects of eHealth on changes in the time spent on vigorous-intensity physical activity among patients in cardiac rehabilitation [42,45,51].
SMD: standardized mean difference.

Effect on CRF
A summary of the secondary outcomes by study design in the
included studies is shown in Multimedia Appendix 6. Of the 8
studies [41,43,45-47,51,60,67] that assessed the impact of
eHealth intervention on changes in CRF, 2 [51,60] reported a
positive effect, 1 [67] reported a statistically significant pre-post
difference between groups, 2 (ie, [41] for the male cohort, [43])
reported that there was no difference between groups, and 4
([41] for the female cohort, [45-47]) suggested a trend of
increase, although not statistically significant. One of the studies
[67] used the 6-minute walk test to assess CRF, and 7 studies
[41,43,45-47,51,60] expressed CRF as peak oxygen uptake. A

meta-analysis of 6 [41,43,45-47,51] pooled studies (n=911) was
not statistically significant (SMD=0.26, 95% CI –0.04 to 0.57;

P=.09; Q(6)=27.14; P<.001; I2=77.9%, as shown in Figure 7).
Consistent with the results of the meta-analysis, the study by
Claes et al [43] also found that this effect on MVPA did not
translate into a positive effect on CRF, indicating that this effect
might not be large enough to be clinically important. However,
it was found that 4 studies (ie, [41] for the female cohort,
[46,47,51]) (4/7, 57%) included in the CRF meta-analysis
reported an increasing trend in the time spent on MVPA and
the peak oxygen uptake simultaneously; this increase in the
duration of higher intensity physical activity likely accounted
for their preserved peak oxygen uptake [47].

Figure 7. Effects of eHealth on changes in cardiorespiratory fitness among patients in cardiac rehabilitation [41,43,45-47,51]. SMD: standardized mean
difference.

Effect on WC
Of the 5 studies [41,45,46,60,67] that assessed the impact of
eHealth intervention on changes in WC, 2 ([41] for the male
cohort, [45]) reported no statistically significant differences
between groups, and 4 ([41] for the female cohort, [46,60,67])
suggested a trend toward improvement, although there was no
statistically significant difference. A meta-analysis of 3 pooled

studies [41,45,46] (n=625) was not statistically significant
(SMD=0.05, 95% CI –0.22 to 0.32; P=.69; Q(3)=7.13; P=.07;

I2=57.9%, as shown in Figure 8). The study by Reid et al [41]
found a trend toward a lower reduction in WC in women but a
negative impact on WC in men, which might have been
spurious, or perhaps men might have eaten more as they were
partaking in a physical activity intervention.
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Figure 8. Effects of eHealth on changes in waist circumference among patients in cardiac rehabilitation [41,45,46]. SMD: standardized mean difference.

Effect on SBP
Of the 10 studies [41-43,45,46,50,51,60,62,67] that assessed
the impact of eHealth intervention on changes in SBP, 2 [50,62]
reported a statistically significant difference between groups,
but one of the studies [62] reported a negative effect, 1 [67]
reported that the pre-post difference between groups was
statistically significant, 4 [45,46,51,60] reported that there was
no difference between the intervention and the control groups,

and 3 [41-43] suggested there was a trend toward improvement,
but the improvement was not statistically significant. The result
of reporting negative effects was unexpected, with statistically
significantly reduced SBP in the control group compared to that
in the web-based CR group, but Devi et al [62] did not explain
this result. A meta-analysis of 7 pooled studies
[41-43,45,46,50,51] (n=1183) was not statistically significant
(SMD=–0.11, 95% CI –0.35 to 0.13; P=.36; Q(7)=28.4; P<.001;

I2=75.4%), as shown in Figure 9.

Figure 9. Effects of eHealth on changes in systolic blood pressure among patients in cardiac rehabilitation [41-43,45,46,50,51]. SMD: standardized
mean difference.

Subgroup Analyses
Because only the number of studies that included MVPA
outcomes exceeded 10, only subgroup analyses of MVPA were
conducted. Previously determined subgroup analyses included
sample size, measurement method, intervention component,
intervention characteristic, intervention duration, interaction
with health care professionals, and control group characteristics.
The results of the subgroup analyses identified no statistically
significant changes in weekly minutes of MVPA (Multimedia
Appendix 7). Post hoc determined subgroup analyses of MVPA
were intervention delivery methods (wearable-based vs
web-based vs communication-based). Because 7 studies
[40,43,44,47,48,53,63] used both or 3 intervention delivery
methods and to avoid some factors as confounding factors, we
did not test the overall statistic or the heterogeneity between
groups. Multimedia Appendix 8 shows the post hoc determined
subgroup analyses of MVPA. We found statistically significant

increases in the time spent on MVPA among patients in CR in
studies that incorporated 3 delivery methods, namely,
wearable-based interventions, web-based interventions, and
communication-based interventions (Multimedia Appendix 9).

Publication Bias
Because drawing a funnel plot requires at least 10 original
studies, we performed the funnel plot analysis only for the
MVPA outcomes. Multimedia Appendix 10 shows the funnel
plot for the MVPA outcomes in 13 studies, which indicate the
presence of a funnel plot asymmetry. The P value of Egger test
was statistically significant (P=.01), suggesting publication bias
in the MVPA outcome.

Sensitivity Analyses
The Galbraith plot was drawn, and sensitivity analysis was
performed using the method of removing a single study to find
the cause of heterogeneity in MPA outcomes. Through the
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Galbraith plot, we found that the study by Guiraud et al [52]
intersects with a 95% CI regression line, suggesting that it might
be the anomaly of the source of heterogeneity (Multimedia
Appendix 11). After the removal of the study by Guiraud et al
[52], the MPA outcome was still not statistically significant
(SMD=0.08, 95% CI –0.17 to 0.33; P=.52), but there was a
statistically significant decrease in heterogeneity (Q(3)=6.71;

P=.08; I2=55.3%). Because of the publication bias in MVPA
outcomes, we used the “meta trim fill” command to estimate
the pooled effect size adjusted for publication bias, which found
inconsistency with the results before adjustment. The adjusted
pooled effect size was not statistically significant, indicating
that the publication bias was large and that the results were not
stable. Multimedia Appendix 12 shows the post hoc sensitivity
analyses. We found changes in the MPA outcome after removing
1 study [45] with a greater influence on the pooled effect size
(SMD=0.30, 95% CI 0.03-0.56; P=.03; Q(3)=5.41; P=.14;

I2=44.6%). We also found similar changes in the CRF outcome;
after removing 1 study (ie, [41] for the male cohort) with a
greater influence on the pooled effect size, the results were
statistically significant (SMD=0.35, 95% CI 0.09-0.62; P=.009;

Q(5)=11.76; P=.04; I2=57.5%).

Certainty of Evidence
The quality of evidence was assessed using GRADEpro GDT.
The evidence rating began as “high” given that the majority of
included studies were RCTs (16/18, 89%). Most information
from studies was at low or unclear risk of bias. Although 26%
(6/23) of the studies did not blind or report blinding of the
participants, this was typically not possible in physical activity
interventions due to their nature. Additionally, 48% (11/23) of
the studies reported using a measurement of physical activity
that was self-reported, and our subgroup analyses reported no
statistically significant difference between objective and
self-reported physical activity. In addition to the lack of
blindness of participants and the risk of bias caused by
self-reported measurements, the potential limitations of other
unclear and high risks were unlikely to reduce confidence in
the effect estimates. Therefore, we did not downgrade the quality
of evidence for the risk of bias. Inconsistency was assessed by

considering the heterogeneity of the studies, and an I2>75% and
P value <.01 were considered as cutoffs for considerable
heterogeneity. Our meta-analysis identified a substantial degree

of inconsistency across studies in the MPA outcome (I2=70.3%
and P=.009, as shown in Figure 5). However, only the P value

was less than .10, and the I2 statistic did not exceed 75%;
therefore, we only downgraded one level of the quality of the
evidence from high to moderate due to the heterogeneity. The
evidence was not downgraded for indirectness or imprecision
in the MVPA and VPA outcomes, as the pooled sample size
was relatively large and the 95% CI was not wide. However,
the 95% CI of the pooled effect size of the MPA outcome
contained an invalid value; therefore, we downgraded the quality
of evidence from moderate to low due to imprecision. Finally,
a funnel plot and Egger test detected publication bias in the
MVPA outcome in 13 studies. The funnel plot showed
asymmetry, with a statistically significant P value in the Egger
test at .01. Therefore, the quality of the evidence for publication

bias was downgraded from high to moderate. The quality of
evidence used in our meta-analysis for the MVPA outcome was
determined to be moderate, the MPA outcome was determined
to be low, and the VPA outcome was determined to be high.
The MVPA for moderate quality of evidence and the VPA for
high quality of evidence provide reasonable confidence in the
estimate of effect. The overall certainty of the secondary
outcomes evidence ranged from very low to low because the
pooled effect sizes contained an invalid value and the
heterogeneity was high (Multimedia Appendix 13). However,
it also suggests that further research is highly likely to change
the results.

Discussion

Principal Findings
To our knowledge, this is the first systematic review and
meta-analysis to examine the effectiveness of eHealth
interventions in improving MVPA and cardiovascular-related
outcomes in patients in CR. We found that eHealth interventions
statistically significantly increased MVPA and VPA, as
measured by minutes per week. However, there was no
statistically significant benefit of eHealth interventions for MPA
and cardiovascular-related outcomes, including CRF, WC, or
SBP, although improvements were seen in pooled analyses. In
prior determined subgroup analyses, we found no subgroup that
produced intergroup differences. In post hoc determined
subgroup analysis by eHealth intervention delivery, there was
a particular benefit seen for wearable-based, web-based, and
communication-based intervention approaches.

Effects of the eHealth Interventions on the Primary
Outcomes
eHealth interventions could offer a level of impact, accessibility,
affordability, cost savings, and benefits to people, which would
not have been possible with conventional CR [69]. The study
of dose-response relationship between physical activity and
all-cause, cardiovascular, or cancer mortality by Arem et al [70]
found a 20% lower mortality risk among patients who performed
less than the recommended minimum of MVPA (75 minutes
per week of VPA or 150 minutes per week of MPA), a 31%
lower risk at 1-2 times the recommended minimum, and a 37%
lower risk at 2-3 times the minimum. Our review is the first to
focus on patients in CR and to definitively demonstrate that
eHealth interventions effectively improve the minutes per week
of engagement in MVPA. Although the effect size of our
meta-analysis was small, it also indicated that eHealth
interventions compared with non-eHealth interventions can
increase MVPA minutes per week in patients in phase II or III
CR, which might have important effects on the health of people
with CVD and reduce cardiovascular mortality. The results of
the time spent on MVPA minutes per week by Patterson et al
[23] were consistent with those reported in our review, and the
pooled effect size of the meta-analysis was large (SMD=40.35,
95% CI 1.03-79.67; P=.04), but the sample size of the included
studies was small (n=600). Moreover, there was moderate

heterogeneity (I2=51%; P=.06) and limited representation of
each CVD diagnostic group (such as peripheral arterial disease,
stroke, and hypertension); therefore, the results should be
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interpreted with caution. The improvement in MVPA minutes
per week found in our meta-analysis was slightly lower than
that found in a meta-analysis of 4 studies by Su et al [71], who
evaluated the effects of an eHealth CR intervention on the
physical activity in a population with coronary heart disease
(SMD=0.24, 95% CI 0.04-0.44; P=.02). The slightly lower
increase in MVPA in our study could perhaps be explained by
the fact that Su et al [71] did not distinguish between the
intensities of physical activity and that MVPA was precisely
lacking in patients in CR. We obtained the same results in
weekly minutes of VPA, showing that eHealth interventions
can increase the time spent on VPA in patients in CR. However,
the result of changes in the weekly minutes of MPA was not
statistically significant, and the possible reason was that this
review examined 1 study with large impacts on the pooled effect
size. When this study was removed using the “metan inf”
command and sensitivity analysis, the result of the meta-analysis
of the MPA outcome was statistically significant. The removed
study was that by Maddison et al [45] comparing the
effectiveness of a remotely monitored exercise-based CR
program with that of a center-based program in patients
undergoing phase II CR. The remotely monitored exercise-based
program was no more effective than the center-based program
for MPA, with the possible explanation being that center-based,
supervised, and face-to-face exercise improved access, uptake,
and adherence to CR for these patients who had recently been
discharged from hospital and needed to participate in phase II
CR.

Effects of the eHealth Interventions on the Secondary
Outcomes
Increased MVPA combined with decreased sedentary behavior
can positively change CRF and improve clustered
cardiometabolic risk (eg, WC, SBP) by mediating CRF [72].
We observed a nonstatistical significant increase in CRF—an
important clinical predictor of the future risk of readmissions
for CVD and all-cause mortality [73]. However, when the
“metan inf” command and the sensitivity analysis were used to
remove a study that had a large impact on the pooled effect size,
the meta-analysis result of the CRF outcome was statistically
significant. The removed study was the male participants in the
study by Reid et al [41] among the phase III patients in CR,
stratified by gender, using the eHealth intervention approach
of telephone counseling. The explanation for the finding that
the telephone counseling eHealth intervention might not be
effective for male participants was because they already had
higher MVPA levels and better CRF at the completion of phase
II CR. WC as a strong predictor of coronary heart disease risk
may be better than body mass index among men and women
60 years of age and older [74]. Nevertheless, we observed no
statistically significant difference in WC. Although CR is a
multidisciplinary intervention, weight loss programs have
traditionally not been included [75], which may also explain
why our meta-analysis of the WC outcome was not statistically
significant. The eHealth interventions did not focus on dietary
advice and weight management in any of the 3 studies we
included. We also observed no statistically significant difference
in SBP, which was the same as the result of the meta-analysis
by Widmer et al [16] for digital health interventions for the

secondary prevention of CVD. This may be explained by the
fact that exercise-induced physiological adaptations are usually
dose-dependent [29], and because the studies included in the
meta-analysis selected and implemented different eHealth
intervention techniques and exercise prescriptions with varying
levels of appeal to patients and patient engagement, the eHealth
interventions may not have provided the sufficient intensity of
intervention to achieve improvements in SBP.

Discussion of Subgroup Analyses
Subgroup analyses showed no differences in MVPA with any
of the priori subgroup comparisons. Regarding sample size,
these findings are in agreement with those of a meta-analysis
reporting the use of smartphone apps to increase MVPA [23].
Our subgroup analysis did not find an effect of self-reported or
objective measurement methods on MVPA. Nevertheless, a
systematic review by Prince et al [36] found that self-reported
measures of physical activity were all higher or lower than
directly measured physical activity levels. We also grouped by
type of control group to differentiate effects between actively
and passively controlled studies and found no difference
between the subgroups. However, in contrast to our results,
Rawstorn et al [76] demonstrated that the lack of supervision
in the control group had an impact on the physical activity level,
that is, the physical activity level was significantly higher
following supervised CR (eg, center-based or outpatient CR)
than unsupervised CR (eg, usual care). Our findings also showed
no difference in MVPA between the number of intervention
components, tailored eHealth intervention, length of the
intervention duration, and their interaction with health care
professionals. In addition, for the post hoc subgroup analysis
of intervention delivery methods, all 3 main intervention
delivery methods (ie, wearable-based vs web-based vs
communication-based) were statistically significant and showed
effectiveness. These findings are informative for the provision
of rehabilitation during the COVID-19 pandemic. Social
isolation during the COVID-19 pandemic could have increased
the physical inactivity and the global burden of CVD [77].
Moreover, the COVID-19 pandemic led to the closure of many
CR centers, resulting in many eligible people being unable to
participate in the optimization of secondary prevention and
physical performance [78]. This calls for action on cardiac
telerehabilitation [78], and the results of our subgroup analyses
demonstrate the potential of eHealth interventions. Cardiac
telerehabilitation teams and patients can choose the best
personalized tailored eHealth intervention delivery to improve
the time spent on MVPA based on convenience, accessibility,
affordability, and cost-effectiveness.

eHealth Interventions and Adherence
eHealth interventions as novel approaches can reduce dropout
rates and increase availability in CR [79]; therefore, we
additionally discussed the impact of eHealth interventions on
intervention compliance and physical activity adherence in
patients in CR. Of the 29 studies included in the systematic
review, 14 [40,41,43,45,48-50,52-54,59,62,65,67] focused on
adherence to the intervention. Multimedia Appendix 14 shows
the definition, measures, and findings of adherence to eHealth
interventions. Most studies had documented adherence to CR
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programs through the completion of exercise training sessions
[41,43,45,48,65], participation in other scheduled sessions
[43,53,54,62,65,67], website log-ins [40,59], and interactions
with health care professionals by patients in CR [40,53]. The
sessions were delivered through eHealth technologies; log-ins
to the website were automatically recorded, and interactions
with health care professionals were recorded in terms of the
number of text messages and emails sent. Therefore, the
adherence to eHealth interventions was measured and evaluated
objectively. Fewer studies have focused directly on adherence
to physical activity. Adherence was assessed either by the
number of minutes of exercise actually performed by patients
in CR as a percentage of the prescribed minutes of exercise [48]
by comparing the percentage of people in the intervention and
control groups who achieved 80% of the recommended 150
minutes per week of moderate or higher intensity physical
activity in each group [49], by comparing longitudinally the
completion of physical activity diaries [50], or by comparing
the percentage change from baseline to the end of follow-up in
the number of people who achieved different minutes of MPA
[52]. Although the methods used to assess adherence were
varied, 6 studies clearly affirmed in the text that the eHealth
interventions adopted improved adherence to physical activity
[43,49,52,59] or that patients in CR had high adherence to
eHealth interventions aimed at increasing physical activity
[48,50]. This also confirmed that eHealth technology–based
interventions are indeed powerful initiatives to promote
intervention compliance and physical activity adherence. The
results about adherence varied depending on the choice of
indicators [48], which may explain why the other 8 studies did
not report improvements in adherence, as the interpretation of
adherence is limited by the wide variation in the methodologies
used and the definition of adherence [65].

Limitations

Limitations of the Evidences Included in This Review
The evidence included in this review has 4 limitations. First, as
shown in our evaluation of the risk of bias, 13 studies (13/18,
72%) included in the meta-analysis did not blind or report
blinding of participants and personnel. Due to the nature of
physical activity interventions, blinding was not typically
possible and, therefore, should not be considered as a reason
for downgrading the quality of evidence. Beyond performance
bias, there is an explicit research limitation, with nearly half of
the studies (14/29, 48%) measuring physical activity data based
on self-reported methods, which may greatly reduce the validity
of the data. Nevertheless, our subgroup analysis showed no
significant statistical differences between objective and
self-reported measures. Therefore, again, this cannot be used
as a reason to reduce the quality of evidence. Second, the
meta-analysis results of MPA, CRF, WC, and SBP showed high
heterogeneity, suggesting that the results of the studies should
be interpreted and generalized with caution. At the same time,
the quality evaluation showed low evidence but the low quality
of evidence precisely showed that further research could change
the results of our meta-analysis. eHealth interventions had great
potential for improving MPA, CRF, WC, and SBP. Third, we

found a large publication bias in the meta-analysis results of
MVPA, and the results were found to be unstable through
sensitivity analysis. However, the “meta trim fill” command
adds several nonexistent small sample studies according to the
symmetry principle. It calculates the pooled effect size on this
basis, which is controversial. Therefore, publication bias of the
MVPA outcome should be treated with caution. Finally, as
much as we try to avoid it, some key references may have been
missed due to search strategies and criteria and the exclusion
of grey literature.

Limitations in the Review Processes Used
There are also 2 limitations in the review process used. First,
the focus of our study was on the effect of eHealth-based CR
on minutes of MVPA per week rather than its effect on the
clinical end points such as death and other clinical events. This
is probably the major limitation of our study. One of the reasons
our study did not focus on its effect on the clinical end points
is that relevant meta-analyses have been performed to investigate
clinical end points. In a meta-analysis to determine whether
telehealth interventions provide effective secondary prevention
compared with CR or compared with usual care, Jin et al [80]
found that telehealth interventions significantly reduced the risk
of rehospitalization or cardiac events over a 6-36 month period
(risk ratio=0.56, 95% CI 0.39-0.81; P<.001). Another reason is
that MVPA has been shown to be inversely associated with
all-cause mortality and cardiovascular mortality [33]. A
meta-analysis by Hupin et al [81] found that in adults aged ≥
60 years, even a low dose of MVPA reduced mortality by 22%.
Therefore, our study focused on whether eHealth-based CR
could increase the number of minutes of MVPA per week.
Second, all outcome indicators used in this study were surrogate
parameters. Nevertheless, the primary and secondary outcome
indicators we used, including minutes of MVPA per week, CRF,
WC, and SBP, are all major risk factors for cardiovascular death
and cardiovascular events [25,28,29] and can all be measured
using quantitative methods.

Conclusion
In conclusion, our systematic review and meta-analysis found
that eHealth interventions are effective at increasing MVPA
and VPA but not MPA or clinically relevant
cardiovascular-related outcomes among patients in CR. With
the rapid development of digital technology and the COVID-19
pandemic, eHealth interventions provide rich opportunities for
CR and cardiovascular-related healthy lifestyle behavior
changes. This review confirms the timely use of eHealth
approaches to improve MVPA engagement times in a population
in CR. Our review mainly focused on people diagnosed with
coronary artery disease and referred for CR, but with the
incidence increasing year by year, future research is necessary
to focus on peripheral artery disease and stroke and determine
the long-term effects of eHealth interventions. Our findings will
interest physicians, nurses, relevant health care providers, and
intervention program makers in CR and encourage them to find
more convenient, effective, and affordable ways to increase the
MVPA time in patients in CR.
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