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Abstract

Background: Exercise-based cardiac rehabilitation (CR) is recommended for coronary heart disease (CHD). However, poor
uptake of and poor adherence to CR exercise programs have been reported globally. Delivering CR exercise classes remotely
may remove some of the barriers associated with traditional hospital- or center-based CR.

Objective: We have developed a bespoke platform, Eastern Corridor Medical Engineering Centre–Cardiac Rehabilitation
(ECME-CR), to support remotely delivered CR exercise. This pilot trial sought to test the ECME-CR platform and examine the
efficacy and feasibility of a remote CR exercise program compared to a traditional center-based program.

Methods: In all, 21 participants with CHD were recruited and assigned to either the intervention or control group. Both groups
performed the same 8-week exercise program. Participants in the intervention group took part in web-based exercise classes and
used the ECME-CR platform during the intervention period, whereas participants in the control group attended in-person classes.
Outcomes were assessed at baseline and following the 8-week intervention period. The primary outcome measure was exercise
capacity, assessed using a 6-minute walk test (6MWT). Secondary outcomes included measurement of grip strength, self-reported
quality of life, heart rate, blood pressure, and body composition. A series of mixed between-within subjects ANOVA were
conducted to examine the mean differences in study outcomes between and within groups. Participant adherence to the exercise
program was also analyzed.

Results: In all, 8 participants (male: n=5; age: mean 69.7, SD 7.2 years; height: mean 163.9, SD 5.4 cm; weight: mean 81.6,
SD 14.1 kg) in the intervention group and 9 participants (male: n=9; age: mean 69.8, SD 8.2 years; height: mean 173.8, SD 5.2
cm; weight: mean 94.4, SD 18.0 kg) in the control group completed the exercise program. Although improvements in 6MWT
distance were observed from baseline to follow-up in both the intervention (mean 490.1, SD 80.2 m to mean 504.5, SD 93.7 m)
and control (mean 510.2, SD 48.3 m to mean 520.6, SD 49.4 m) group, no significant interaction effect (F1,14=.026; P=.87) nor
effect for time (F1,14=2.51; P=.14) were observed. No significant effects emerged for any of the other secondary end points (all
P>.0275). Adherence to the exercise program was high in both the intervention (14.25/16, 89.1%) and control (14.33/16, 89.6%)
group. No adverse events or safety issues were reported in either group during the study.

Conclusions: This pilot trial did not show evidence of significant positive effect for either the remotely delivered or center-based
program. The 6MWT may not have been sufficiently sensitive to identify a change in this cohort of participants with stable CHD.
This trial does provide evidence that remote CR exercise, supported with digital self-monitoring, is feasible and may be considered
for individuals less likely to participate in traditional center-based programs.
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Introduction

Coronary heart disease (CHD) is the most common cause of
death globally, responsible for 16% of the world’s total deaths
in 2019 [1]. Cardiac rehabilitation (CR) is a multidisciplinary
intervention and is well recognized as the standard of care in
CHD management. CR typically involves risk factor education,
supervised exercise training, and psychological support.
Numerous studies have shown that CR can aid in the recovery
from an acute cardiac event and help to prevent further illness
and mortality [2]. Although models vary, CR usually consists
of 4 phases: phase I (in-hospital patient period; consists of
education about CHD risk factors and early mobilization, with
the goal of achieving functional independence at the time of
discharge); phase II (postdischarge from hospital; continuing
to mobilize and gradually increase functional capacity); phase
III (structured exercise and education program); and phase IV
(maintenance; patients receive encouragement toward
maintaining an active and healthy lifestyle and continuing their
exercise program). Phase III and IV CR is usually delivered in
a clinical setting at hospital outpatient departments,
rehabilitation clinics, or community centers. Structured exercise
training is the cornerstone of both phase III and IV CR.

The benefits of exercise have been widely established in the
literature, playing a key role in the primary and secondary
prevention of not only CHD but a wide range of other chronic
diseases such as diabetes, cancer, and depression [3-5]. CR
exercise has been shown to significantly reduce all-cause and
cardiac mortality compared to standard medical care without
structured exercise training or advice [6]. However, despite the
reported benefits, referral to and uptake of exercise-based CR
are poor [7]. Multiple barriers to participation exist, such as
long commutes, transportation issues, inconvenient scheduling,
and work or family responsibilities [8-10]. A more recent review
examined CR models based in the United States and highlighted
that the reasons for low CR participation are multifactorial, with
physician-, patient-, and system-related factors all being cited
[11]. A suggested alternative to the traditional hospital-, clinic-,
or center-based model of CR is home-based CR, where
components of CR are delivered directly into the person’s home.
Home-based CR increases patient accessibility and overcomes
many of the obstacles that may be present with traditional
center-based CR [11]. A scientific statement from the American
Association of Cardiovascular and Pulmonary Rehabilitation,
the American Heart Association, and the American College of
Cardiology advocated for home-based CR for low-to-moderate
risk patients [12], and evidence from systematic reviews
comparing home- and center-based CR concluded that
home-based CR programs were not inferior to center-based
programs [13,14]. Using technology to deliver home-based CR

has received increased interest the past decade, and this was
furthered heightened with the onset of the COVID-19 pandemic.

The pandemic had a severe impact on CR services worldwide.
A global survey gave an indication of the scale of the impact
that COVID-19 had on CR, with approximately 75% of CR
programs temporarily ceasing and other programs ceasing the
initiation of new patients and reducing components delivered
[15]. Many CR services changed the mode of delivery and began
delivering home-based cardiac tele-rehabilitation to patients via
videoconferencing platforms to curb the spread of COVID-19
infections. Cardiac tele-rehabilitation can be defined as the use
of information and communication technologies, such as the
internet, telephone, or videoconferencing, to deliver the
components of CR completely outside of the traditional hospital,
clinic, or center environment. A number of reviews have been
conducted outlining the effectiveness of cardiac
tele-rehabilitation intervention; however, these predominately
used telephone calls for patient monitoring [16,17]. A more
recent systematic review and meta-analysis have shown that
home-based cardiac tele-rehabilitation is at least as effective as
traditional center-based CR and, in some cases, more effective
for improving exercise capacity, physical activity, quality of
life, and depression scores in a population with CHD [18]. The
trials included in this review largely used web-based platforms
and smartphone apps delivering comprehensive home-based
CR, including CHD risk factors management, physical activity,
smoking cessation, medication adherence, and stress
management. However, the physical activity prescription in
these trials largely involved individualized physical activity
programming and advice. To our knowledge, little work has
been undertaken examining the remote delivery of structured
CR exercise classes.

We have developed a bespoke, innovative solution to support
the web-based delivery of CR exercise classes. The Eastern
Corridor Medical Engineering Centre–Cardiac Rehabilitation
(ECME-CR) digital health platform (Figure 1) has been fully
described elsewhere [19]. Briefly, the platform consists of a
web-based app (ECME-CR), which is used during exercise
classes for guidance, monitoring, and support. Two off-the-shelf
consumer devices—the Withings ScanWatch and the Withings
BPM Connect—are integrated with the platform and are used
to collect health and well-being data during web-based CR
exercise classes as well as during the intervention period.
CABIE+ is a data collection and aggregation system, which is
used by the platform to organize and store the data acquired
from the ECME-CR app and Withings devices. SIMS is an
information management system, which is used for viewing the
data collected from the app and the Withings devices in near-real
time.
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Figure 1. Overview of the Eastern Corridor Medical Engineering Centre–Cardiac Rehabilitation (ECME-CR) Digital Health Platform.

A pilot trial was conducted to examine the effectiveness of a
remotely delivered CR exercise program supported by the
ECME-CR platform in adults with CHD. We compared the
effectiveness outcomes of those participating in the remotely
delivered CR exercise program to a control group who
participated in a traditional center-based CR exercise
intervention. The protocol for this study has been described in
detail elsewhere [19]. We hypothesized that the remotely
delivered CR exercise program would not be inferior to the
traditional center-based program.

Methods

Study Design
We conducted a pilot trial to examine the efficacy of a remotely
delivered CR exercise program supported by the ECME-CR
platform. The published protocol for this trial outlined a
randomized controlled trial; however, due to the COVID-19
pandemic, a more pragmatic approach was adopted.

Participant recruitment initially commenced in August 2021;
however, at this time, COVID-19 restrictions had been
introduced in Ireland, which resulted in a
slower-than-anticipated recruitment rate. In addition, the
COVID-19 restrictions prohibited indoor group exercise classes.
For this reason, those enrolled in the study at this time were not

randomly allocated and participated in the remotely delivered
CR exercise classes. Data collection and intervention delivery
with this cohort took place between September and December
2021. In January 2022, COVID-19 restrictions had eased, and
participant recruitment recommenced. This cohort of participants
was randomly allocated to either the intervention or the control
group, and data collection and intervention delivery took place
between January and April 2022.

Ethical Approval
The study protocol was approved by the Health and Science
Ethics Committee in Dundalk Institute of Technology, and all
procedures were conducted in accordance with the Declaration
of Helsinki 1974 and its later amendments. All participants
provided written informed consent before entering the study.

Population and Group Allocation
The study population included participants eligible to participate
in community-based phase IV CR. Participants were recruited
through advertisements placed in local general practices, health
clinics, and local media and through posts on social media.
Potential participants made contact by telephone with the study
team and were screened for their eligibility to take part by a
member of the research team, over the phone, using the study
eligibility criteria (Textbox 1).
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Men or women with documented coronary heart disease eligible to participate in a community-based cardiac rehabilitation (CR) program (phase
IV CR)

• Aged 40-85 years

• Medically stable with regard to symptoms and no change in pharmacotherapy in the previous 4 weeks

• Clinical approval from their treating physician to enroll in the CR program

Exclusion criteria

• Living in a nursing home or other long-term care facility

• Have any contraindications to exercise (adapted from the American College of Sports Medicine’s Guidelines for Exercise Testing and Prescription
[20]):

• Unstable angina

• Uncontrolled hypertension (ie, resting systolic blood pressure >180mmHg or resting diastolic blood pressure >110mmHg)

• Orthostatic blood pressure drop of >20 mmHg with symptoms

• Significant aortic stenosis (aortic valve area <1.0 cm2)

• Acute systemic illness or fever

• Uncontrolled atrial or ventricular arrhythmias

• Uncontrolled sinus tachycardia (heart rate >120 beats per minute)

• Acute pericarditis or myocarditis

• Uncompensated heart failure

• Third-degree (complete) atrioventricular block without pacemaker

• Recent embolism

• Acute thrombophlebitis

• Resting ST segment displacement (>2 mm)

• Uncontrolled diabetes mellitus

• Severe orthopedic conditions that would prohibit exercise

• Other metabolic conditions, such as acute thyroiditis, hypokalemia, hyperkalemia, or hypovolemia (until adequately treated)

Cardiac Rehabilitation Exercise Program

Overview
Both study groups performed the same exercise program over
an 8-week intervention period. Details of the exercise program
are outlined elsewhere [19]. Each 60-minute session consisted
of a 15-minute warm-up, 30 minutes of circuit style aerobic and
strength exercises, and a 10-minute cooldown. Exercise intensity
was assessed during the exercise class using the Borg scale of
perceived exertion [21]. The Borg scale ranges from 6 to 20,
where 6 means “no exertion at all” and 20 means “maximal
exertion.” Heart rate was measured during each exercise class
using the Withings ScanWatch. The ScanWatch was worn on
the participants’ nondominant wrist, and for the duration of
each exercise class, the ScanWatch was used in the workout
mode. The intervention group undertook the exercise program
in their own home, joining the CR exercise classes using Zoom
videoconferencing software (Zoom Video Communications,
Inc.). The control group attended a sports center in the institution
to undertake their rehabilitation exercise classes.

Intervention Group
Participants were provided with an iPad (Apple iPad, 8th Gen,
10.2-inch, Wi-Fi, 32GB; Apple Inc.) preloaded with the
ECME-CR app, the Withings devices, as well a set of free
weights to use during the exercise classes. Participants received
an equipment familiarization session in person at the research
center, which included how to operate the iPad and the
ECME-CR app, use the monitoring equipment, and record
measurements. An equipment manual with written and pictorial
instructions was also supplied. Participants were also provided
with a mobile Wi-Fi device for the duration of the study if they
did not have an established broadband internet connection in
their home.

Participants used the ECME-CR app during the class to record
their exertion levels on the Borg scale (Figure 2). The class
instructor was able to visualize and monitor in real time the
exertion levels recorded by all participants simultaneously on
SIMS. The instructor provided coaching and feedback on
exertion when required via Zoom. Before each class, participants
measured their resting heart rate and blood pressure using their
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BPM Connect device. This data was synchronized with the
ECME-CR app and was also available for review by the
instructors on SIMS before the class began, ensuring it was safe
for the participant to exercise. This process was repeated at the
end of the exercise class, following the cooldown period.

Participants wore the Withings ScanWatch in workout mode to
measure heart rate during the class. The heart rate data provided
by the watch were not monitored in real time during the class.
However, after each class, a summary of the heart rate data
obtained was reviewed by the instructor.

Figure 2. Eastern Corridor Medical Engineering Centre–Cardiac Rehabilitation (ECME-CR) app: Borg rating of perceived exertion.

Control Group
Each participant’s resting heart rate and blood pressure were
checked using the Withings BPM Connect device before
beginning each exercise class and again following the cooldown
period. Participants were provided with a ScanWatch to wear
for the duration of the class for continuous heart rate
measurement. Self-reported exertion levels were monitored at
regular intervals using the Borg scale and were manually
recorded by a member of the research team.

Outcome Measures
Outcome measures were assessed at baseline (week 0) and
repeated following the intervention period (week 8). The primary
outcome was cardiopulmonary exercise capacity as assessed
using a 6-minute walking test (6MWT) [22]. Secondary end
points were grip strength, self-reported quality of life assessed
using the 12-Item Short Form Survey [23], and physical health
related outcome measures, including measurement of heart rate
at rest, blood pressure, and body composition. Participant
adherence to the exercise program (ratio of exercise sessions
completed versus prescribed) was also analyzed.

Data Analysis
Data collected at baseline and week 8 were collated using
Microsoft Office Excel (Microsoft Corp) and analyzed using
SPSS software (IBM Corp). Demographic characteristics were
analyzed using descriptive statistics. A series of 2 × 2 mixed
ANOVAs were conducted to examine the mean differences in
study outcome measures between groups (intervention group
and control group) and to examine the impact of time (within
subjects factor: week 0 and week 8). The Shapiro-Wilk test was
applied to assess normality, and although the data were not
normally distributed, ANOVA was used as it is considered to

be robust to violations of nonnormality and with small sample
sizes [24]. As the number of variables with missing data was
low, the SPSS default for mixed within-between subjects
ANOVA, listwise deletion, was used. The false discovery rate
approach was used to control for type 1 error associated with
making multiple comparisons [25]. Using this procedure, the
P value was reduced by multiplying it by ([n + 1] / 2n), where
n is the number of tests. This approach is recommended as it is
less conservative and has greater power than the Bonferrroni
correction, where P is divided by the number of tests [26]. A
significance level of P<.0275 was therefore applied.

Results

Flow of Participants Through the Study
A total of 59 people responded to our advertisements, and 54
were contacted and screened for eligibility. In all, 28 participants
satisfied the study eligibility criteria. The reason for exclusion
included being unsuitable due to the use of the Withings
ScanWatch in this study (ie, having a pacemaker or other
implanted electronic device; n=6), uncontrolled atrial fibrillation
(n=14), spontaneous coronary artery dissection (n=1), not having
a CHD (n=4), or currently enrolled in a CR program (n=1).
Further, 7 participants who were deemed eligible to participate
were subsequently unable to enroll in the study due to family
or work commitments. Of the remaining 21 participants with
CHD who enrolled, 14 underwent a percutaneous coronary
intervention (PCI), 3 underwent a coronary artery bypass graft,
1 underwent an aortic valve replacement and PCI, 1 underwent
a PCI and coronary artery bypass graft, and 2 were treated with
medication only during their hospitalization. All participants
enrolled in the intervention group were urban-dwelling and had
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an established internet connection in their homes prior to the
trial.

In all, 11 participants were allocated to the intervention group
and 10 were allocated to the control group. One participant in
the intervention group was unable to attend follow-up testing
due to personal reasons and was thus lost to follow-up. Two
participants in the intervention group dropped out, due to family
reasons and changing work commitments. One participant in
the control group withdrew from the study prior to baseline

measurements due to a lower limb injury. The remaining 9
participants in the control group completed the intervention. A
flowchart of participants through the study is presented in Figure
3, and baseline demographics for those participants completing
the intervention are presented in Table 1. Medication at baseline
is also outlined in Table 1. One participant in the intervention
group had a change in medication dosage (reduced dose of
angiotensin-converting enzyme inhibitor) during the intervention
period; all others were unchanged.

Figure 3. Flow of participants through the trial. CHD: coronary heart disease; SCAD: spontaneous coronary artery dissection.
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Table 1. Participant demographics at baseline.

Control group (n=9)Intervention group (n=8)Characteristic

Sex, n (%)

9 (100)5 (62)Male

0 (0)3 (38)Female

69.8 (8.2)69.7 (7.2)Age (years), mean (SD)

9 (100)8 (100)Ethnicity, White, n (%)

173.8 (5.2)163.9 (5.4)Height (cm), mean (SD)

94.4 (18.0)81.6 (14.1)Weight (kg), mean (SD)

31.1 (5.1)30.4 (5.4)BMI (kg/m2), mean (SD)

CHDa diagnosis, n (%)

4 (44)8 (100)PCIb

2 (22)0 (0)CABGc

1 (11)0 (0)AVRd and PCI

1 (11)0 (0)PCI and CABG

1 (11)0 (0)Medication only

Medication, n (%)

6 (67)6 (75)Beta-blockers

9 (100)7 (88)Statins

8 (89)8 (100)Anti-platelets

8 (89)7 (88)ACEe inhibitors or ARBf

1 (11)1 (12)Nitrates

aCHD: coronary heart disease.
bPCI: percutaneous coronary intervention.
cCABG: coronary artery bypass graft.
dAVR: aortic valve replacement.
eACE: Angiotensin-converting enzyme.
fARB angiotensin II receptor blockers.

Effect of the Intervention
Table 2 shows the outcome measures assessed at baseline (week
0) and after the 8-week intervention. The primary outcome was
exercise capacity as assessed using the 6MWT. One participant
in the intervention group was unable to perform the 6MWT at
week 8 due to a rheumatic flare-up, and therefore, these results
are presented only for 7 participants in this group. The 2-way
ANOVA performed revealed that there was not a statistically
significant interaction effect for 6MWT distance (F1,14=.026;
P=.87). Simple main effects analysis for the impact of time
showed no statistically significant effect on 6MWT distance

(F1,14=2.51; P=.14). No significant differences were observed
following the 8-week intervention in any of the secondary
outcome measurements of grip strength (right: P=.78; left:
P=.29), quality of life (SF-12 physical component score: P=.24;
SF-12 mental component score: P=70), resting heart rate
(P=.89), diastolic blood pressure (P=.27), and body composition
(weight: P=.17; body fat: P=.06; waist circumference: P=.55;
Table 2). As no significant main effects were observed, post
hoc tests were not conducted. The duration of each exercise
class ranged from 50 to 60 minutes (including warm-up and
cooldown), and the intensity level ranged from 6 to 14 on the
Borg scale of perceived exertion.
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Table 2. Summary of mixed between-within subject ANOVA for the intervention and control group.

Main effectInteractionControl group, mean (SD)Intervention group, mean (SD)

P valueF test (df)P valueF test (df)Week 8Week 0Week 8Week 0

.142.51 (1.14).87.026 (1.14)522.0 (49.4)510.2 (48.3)504.5 (93.7)490.0 (80.2)6MWTa distance (m)

.78.079 (1,15).46.576 (1,15)35.8 (7.0)35.3 (7.6)26.8 (7.0)27.9 (7.8)Grip strength, right (kg)

.291.323 (1,15).36.906 (1,15)36.4 (7.4)34.6 (5.9)28.6 (9.7)28.5 (9.2)Grip strength, left (kg)

.172.106 (1,15).103.154 (1,15)94.9 (16.7)95.0 (17.0)82.9 (14.2)81.6 (14.1)Weight (kg)

.064.372 (1.14).35.936 (1.14)27.9 (2.7)27.6 (2.4)34.5 (9.3)33.9 (9.8)Body fat (%)

.55.382 (1,15).41.731 (1,15)105.8 (12.3)107.0 (10.1)103.8 (12.4)103.6 (12.8)Waist circumference (cm)

.89.020 (1,15).172.124 (1,15)63.3 (10.8)60.4 (13.8)63.4 (8.2)65.8 (10.1)Resting heart rate (BPMb)

.241.470 (1,15).60.293 (1,15)149.9 (25.7)145.8 (21.3)136.3 (12.0)125.5 (11.5)Systolic BPc (mmHg)

.271.139 (1,15).251.436 (1,15)82.0 (14.7)87.9 (10.8)78.3 (7.5)78.1 (7.0)Diastolic BP (mmHg)

.241.500 (1,15).72.136 (1,15)46.1 (9.3)49.7 (4.3)41.9 (12.2)43.8 (10.6)SF12d-PCSe

.70.153 (1,15).261.381 (1,15)57.1 (3.4)54.1 (7.5)56.4 (6.5)57.9 (4.7)SF12-MCSf

a6MWT: 6-minute walk test.
bBPM: beats per minute.
cBP: blood pressure.
dSF12: 12-Item Short Form Survey.
ePCS: physical component score
fMCS: mental component score.

Program Adherence
In total, 8 (73%) of the 11 participants assigned to the
intervention group completed the exercise program, attending
on average 14.25 (range 12-16; adherence rate: 89.1%) out of
the 16 web-based CR exercise classes delivered. In contrast, 9
(90%) of the 10 participants assigned to the control group
completed the program, attending on average 14.33 (range
11-16; adherence rate: 89.6%) CR exercise classes over the
8-week intervention period. There was no significant difference
in the adherence rate between the 2 groups (P=.84).

Safety of the CR Exercise Intervention
There were no adverse events reported in either group
participating in the CR exercise program. We did not observe
any adverse cardiovascular signs or symptoms during any CR
exercise class. No musculoskeletal injuries related to the
intervention were reported. The need to discontinue the
intervention or urgently stop exercising did not occur for any
participant in this study.

Technical Issues
Some technical issues were experienced by participants in the
intervention group during the 8-week intervention period, and
a log of all technical issues was maintained by the research
team. The key issues encountered included difficulty logging
on to Zoom for the exercise class, difficulty navigating and
interacting with the features on Zoom during the exercise class
(turning camera on and muting-unmuting), difficulty interacting
with the Withings ScanWatch device as required during the
exercise class (starting or stopping workout mode), issues
synchronizing the Withings BPM Connect with the app, and

difficulties interacting with the ECME-CR app as required
during the exercise class. No issues with internet connection
were reported by participants.

Discussion

Principal Findings
This pilot study sought to examine the effectiveness of a
remotely delivered CR exercise program for people with CHD
and compare it with a control group who participated in a
traditional center-based CR exercise class. After the 8-week
intervention period, neither the intervention group nor the
control group showed a statistically significant improvement
in 6MWT distance from baseline, which was the primary
outcome measure in this study. No significant difference was
found in either group in the secondary outcomes of grip strength,
body composition, resting heart rate, and self-reported quality
of life following the intervention period. Although weight,
percentage body fat, and systolic blood pressure measurements
were observed to increase from week 0 to week 8 in the
intervention group, no significant effect for time emerged in
this group nor in the control group.

Comparison to Prior Work
A major trial conducted to examine the effectiveness of remotely
monitored exercise-based cardiac tele-rehabilitation compared
to conventional center based CR in people with CHD found
that exercise capacity was comparable after a 12-week
intervention period in both groups [27]. Another randomized
controlled trial provided evidence of the effectiveness of a
smartphone- and social media–based CR program in people
with CHD [28]. Other trials have also demonstrated greater
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improvements in exercise capacity after home-,
tele-rehabilitation–, and center-based CR [29,30]. In this study,
although mean improvements in 6MWT distance of 14 m and
12 m were observed in the intervention group and the control
group, respectively, at the 8-week follow-up, these
improvements were not clinically significant. A 25-m
improvement in the 6MWT distance has been considered
clinically meaningful for patients with CHD undergoing CR
[31]. This threshold was established in patients recovering from
an acute cardiac event, and for patients with stable CHD, a
higher threshold is likely to be required to be clinically
significant. A possible explanation for the nonclinically
significant improvement in this study is that the duration of the
intervention or the frequency of exercise sessions may not have
been sufficient to achieve an effect comparable to the results
seen in other studies. Second, the age profile of participants in
this trial is older (mean age: 69.5 years) than previous similar
trials [18]. Previous reports have shown that improvements in
exercise capacity in older adults with CHD is not as large as
those observed in individuals aged <65 years [32]. Third, the
inability of this study to produce significant improvements in
exercise capacity compared to previous studies may indicate
that the measurements used in this study were not sufficiently
sensitive to identify a change in the cohort included. A previous
study that examined the effect of home-based CR program in
an older population with CHD also used a change in exercise
capacity determined by the 6MWT as the primary outcome
measure [29]. This study did demonstrate significant increases
in 6MWT distance following the 3 month home-based CR
program; however, the participants included had a much lower
exercise capacity at baseline and therefore had a greater potential
to change. Another large randomized controlled trial, which
also used 6MWT distance as the primary end point, found
significant improvements in 6MWT distance in participants
following an 8-week smartphone-based CR program [33].
However, the trial was evaluating an early physical activity
program after an acute cardiac event, where again the potential
for improvement is much greater.

In this study, we observed adherence rates of >89% to the
exercise program across both groups, which can be classified
as high adherence [34]. Participants enrolled in this study were
self-referred and were not referred by their physician, which
may explain the high adherence rate observed in this study. The
level of completion, that is, the number of participants with
outcome data at the 8-week follow-up, was higher in the control
group who were attending the center-based CR exercise class.
Although a number of technical issues were experienced by
participants in this group, these technical issues were not cited
as a reason for withdrawal. All control group participants
completed the intervention. This may be explained by the fact
that COVID-19 restrictions had just been lifted when the
center-based CR exercise classes were taking place. Anecdotally,
participants reported that they enjoyed attending the classes as
it was seen as an enjoyable social activity after a long period of
social restrictions.

No serious adverse events were reported during the CR program
in either group. Other investigators have found a similarly low
rate of exercise-related complications during home-based CR

[35]. Although some technical issues were experienced by
participants in the intervention group during the exercise classes
and the intervention period, these were quickly addressed and
rectified by the research team. Our study, therefore, indicates
that remotely delivered CR exercise at home is feasible and
should still be considered for its potential for increasing overall
access to CR for all eligible patients who face obstacles to
traditional means of participation.

Strengths and Limitations
This study has some limitations that should be acknowledged.
First, this study was a single-center pilot trial, with a small
sample size, which limits the establishment of any strong
conclusions. Sample size calculations were not conducted in
this pilot trial; future trials conducted will be adequately
powered to determine the treatment effect. Second, few female
participants participated in the study (<20%), and all participants
were from the majority ethnic group in Ireland (White, Settled
or non-Traveler). Although most patients attending CR and
those included in other CR trials are male [36,37], the results
of this trial cannot be generalized to female participants and
those of other ethnicities. In this study, no participant assigned
to the control group was female, and this difference, along with
the differences in conditions and blood pressure between the
groups, should also be acknowledged as a weakness that limits
our ability to draw firm conclusions. Third, all participants
included in this trial were of low-to-moderate risk, with stable
CHD. The results should therefore be interpreted with caution
and cannot be generalized to patients with high-risk CHD or
those after an acute coronary event. Fourth, all participants in
this study were self-referred and volunteered to take part.
Participants referred by their physician may adhere to CR
programs differently than those who self-refer, and therefore,
the feasibility of our approach in a physician-referred cohort
was not established. Finally, this study did not include a
long-term follow-up of participants; this will be considered in
future investigations. Despite these limitations, this trial provides
preliminary information on remotely delivered CR exercise
program supported by the ECME-CR platform.

Conclusions
Remotely delivered CR has been suggested as an alternative to
center-based CR, especially during the COVID-19 pandemic.
In this trial, although both groups demonstrated improvements
in the primary outcome measure of exercise capacity from
baseline to 8-week follow-up, these improvements were neither
clinically nor statistically significant. As previous studies have
shown overwhelmingly positive outcomes for both telehealth-
and center-based CR interventions, it suggests that the
measurement of exercise capacity used in this study may not
have been sufficiently sensitive to identify a change in the cohort
of participants with stable CHD included in this study. Future
work will review the exercise program delivered to both groups
and use measurements that may be more sensitive to identify a
change. Nonetheless, this trial provides preliminary evidence
to suggest that a remotely delivered CR exercise program,
supported with digital self-monitoring, is feasible and may serve
as an alternative delivery model for CR for individuals less
likely to participate in traditional center-based programs.
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Abbreviations
6MWT: 6-minute walk test
CHD: coronary heart disease
CR: cardiac rehabilitation
ECME-CR: Eastern Corridor Medical Engineering Centre–Cardiac Rehabilitation
PCI: percutaneous coronary intervention
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