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Abstract

Background: Cardiac rehabilitation programs, consisting of exercise training and disease management interventions, reduce
morbidity and mortality after acute myocardial infarction.

Objective: In this pilot study, we aimed to developed and assess the feasibility of delivering a health watch–informed 12-week
cardiac telerehabilitation program to acute myocardial infarction survivors who declined to participate in center-based cardiac
rehabilitation.

Methods: We enrolled patients hospitalized after acute myocardial infarction at an academic medical center who were eligible
for but declined to participate in center-based cardiac rehabilitation. Each participant underwent a baseline exercise stress test.
Participants received a health watch, which monitored heart rate and physical activity, and a tablet computer with an app that
displayed progress toward accomplishing weekly walking and exercise goals. Results were transmitted to a cardiac rehabilitation
nurse via a secure connection. For 12 weeks, participants exercised at home and also participated in weekly phone counseling
sessions with the nurse, who provided personalized cardiac rehabilitation solutions and standard cardiac rehabilitation education.
We assessed usability of the system, adherence to weekly exercise and walking goals, counseling session attendance, and
disease-specific quality of life.

Results: Of 18 participants (age: mean 59 years, SD 7) who completed the 12-week telerehabilitation program, 6 (33%) were
women, and 6 (33%) had ST-elevation myocardial infarction. Participants wore the health watch for a median of 12.7 hours (IQR
11.1, 13.8) per day and completed a median of 86% of exercise goals. Participants, on average, walked 121 minutes per week
(SD 175) and spent 189 minutes per week (SD 210) in their target exercise heart rate zone. Overall, participants found the system
to be highly usable (System Usability Scale score: median 83, IQR 65, 100).

Conclusions: This pilot study established the feasibility of delivering cardiac telerehabilitation at home to acute myocardial
infarction survivors via a health watch–based program and telephone counseling sessions. Usability and adherence to health
watch use, exercise recommendations, and counseling sessions were high. Further studies are warranted to compare patient
outcomes and health care resource utilization between center-based rehabilitation and telerehabilitation.

(JMIR Hum Factors 2021;8(3):e18130) doi: 10.2196/18130
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Introduction

Cardiac rehabilitation provides longitudinal cardiopulmonary
exercise training with additional disease management
interventions to patients with cardiovascular diseases [1,2].
Participation in cardiac rehabilitation is guideline-recommended
after many acute cardiovascular events because it can lower
cardiovascular mortality, reduce hospital readmissions, and
improve quality of life [3,4]. However, many eligible patients
never receive referrals for cardiac rehabilitation, and a high
proportion of patients who receive referrals never enroll [5-10].
This may be due to numerous factors, such as cost of enrollment,
lack of motivation, or inadequate patient education regarding
the benefits of cardiac rehabilitation [2]. In a scientific statement
from the American Association of Cardiovascular and
Pulmonary Rehabilitation, the American Heart Association, and
the American College of Cardiology in 2019 [2], it was
suggested that less than 1 in 6 patients participated in cardiac
rehabilitation after hospitalization for myocardial infarction.
Diverse patient, community, health care provider, hospital
system, and insurance factors contribute to the persistent
underutilization of cardiac rehabilitation [5-7,11]. Typically,
outpatients perform cardiac rehabilitation in a dedicated facility
under clinician supervision with limited scheduling hours.
Difficulties in scheduling, traveling, and financing center-based
cardiac rehabilitation help to drive poor enrollment and retention
in cardiac rehabilitation [6,12].

Delivery of cardiac rehabilitation using contemporary
telecommunication and smart device technologies (cardiac
telerehabilitation, ie, tele-CR) may reduce logistical and
financial barriers associated with cardiac rehabilitation by
facilitating cardiac rehabilitation in the home [13-16]. The ability
to perform cardiac rehabilitation at home may increase
participation while providing comparable outcomes for patient
health-related quality of life, exercise capacity, and mortality
[17-21]. Consumers increasingly use internet-connected mobile
and wearable devices to monitor fitness [22]; therefore, they
may find tele-CR preferable to center-based cardiac
rehabilitation. Furthermore, telehealth platforms can also
potentially compound and extend the clinical effectiveness of
cardiac rehabilitation for patients who have completed
ambulatory center-based programs [23].

Despite the widespread need for rehabilitation after acute
myocardial infarction and technological innovations in this
space, wearable device–based rehabilitation solutions are still
being studied for evidence to support their adoption and use,

though recent developments have significantly advanced this
area of research [23-26]. The development of a user-centered
platform that is acceptable to patients and can impact key
clinical or patient-reported outcomes will likely be a critical
component of the clinical adoption of tele-CR [14]. In this study,
we examined the usability of and adherence to a nurse-supported
12-week telerehabilitation intervention after acute myocardial
infarction for patients who declined to participate in
conventional rehabilitation. We conducted exploratory analyses
to also examine changes in disease-specific quality of life
rehabilitation.

Methods

Study Setting and Sample
All adults who were hospitalized at a single tertiary academic
medical center in central Massachusetts for acute myocardial
infarction between June and November 2018 were screened for
eligibility by trained research assistants using International
Classification of Disease Tenth Revision codes, problem lists,
laboratory results, and electrocardiogram (ECG) findings, as
validated in other studies [27]. Patients between 40 and 80 years,
fluent and literate in English, meeting clinical indications for
cardiac rehabilitation, and with access to an environment or
facilities to perform exercise were eligible for inclusion (Figure
1). Patients who preferred to enroll in conventional center-based
cardiac rehabilitation, planned to receive follow-up
cardiovascular care outside of our hospital system, were unable
to participate in follow-up sessions, had subsequent myocardial
infarction, had no health insurance, were unable to provide
informed consent, were unable to ambulate, were unable to
adhere to study protocols, had unstable angina, had serious
medical conditions that precluded study participation (for
example, cancer), had no symptoms at the time of their
presentation for myocardial infarction, underwent cardiac
surgery, and were staying in the intensive care unit were
excluded. We only targeted patients who chose to forego
traditional, center-based cardiac rehabilitation to provide an
alternative cardiac rehabilitation delivery modality; if a patient
was deemed appropriate for center-based cardiac rehabilitation
by their primary medical team, and agreed to enroll, we opted
to avoid interfering with their prescribed management. Research
assistants approached potential participants who had acute
myocardial infarctions (and their care teams) prior to their
discharge. Participants provided written informed consent for
study participation and received training on study devices and
procedures.
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Figure 1. Recruitment flow diagram. MI: myocardial infarction; ICU: intensive care unit.

Study Overview
Each patient obtained a stress test within 4 weeks of screening
and enrollment. At an in-person baseline visit, each participant
received a watch and tablet, as well as device training. The
baseline assessment during their index hospitalization included
questions on perceptions of cardiac rehabilitation and
disease-specific quality of life. Per standard of care for
conventional cardiac rehabilitation, each participant needed to
complete a clinically indicated stress test within 4 weeks of
hospital discharge to assess safety for exercise and establish
target heart rates for rehabilitation activities. A Bruce protocol
[28] was followed, and baseline ECG, heart rate, and blood

pressure were closely monitored prior to, during, and after
exercise. This exercise test is divided into successive stages of
increasing intensity, and patients are asked about symptoms
throughout. A report is generated upon conclusion of the test
and interpreted by medical staff—physician (author DDM)
screened all exercise test results for abnormal findings that
might place participants at risk from participation in cardiac
rehabilitation; participants with concerning results were
excluded from the study and referred to follow up with their
treating physician. Participants with no abnormal stress test
findings attended the in-person training session, during which
a trained study staff member provided oral and written
instructions for telerehabilitation activities at home.
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Components of the Telerehabilitation Program
The MI-PACE tele-CR program included a validated wearable
device (Health Watch [29]; Philips Healthcare) that was
connected via Bluetooth to an Android tablet computer (Tab 4;
Lenovo Group Limited). An app displayed goals and progress
for exercise and walking. There was a dashboard for the cardiac
rehabilitation nurse to enter the goals and to view the progress
of the patients. Counseling and education sessions with the
nurse were scheduled weekly over the 12-week study period.

Cardiac Rehabilitation Methods
Research staff instructed participants to complete a set number
of walking sessions (light intensity) consisting of bouts of at
least 2 minutes, and moderate to vigorous intensity exercise
sessions. Rehabilitation counseling sessions were designed by
the cardiac rehabilitation nurse and cardiologist (authors AP
and DDM, respectively) a priori and were standardized to
include components from center-based cardiac rehabilitation
programs. Each participant’s target heart rate range was set by
the cardiac rehabilitation nurse based on the participant’s resting
and maximum heart rate and performance on the exercise stress
test in accordance with conventional cardiac rehabilitation
practices [30]. The number and duration of prescribed exercise
and walking sessions was determined based on (1) the
participant’s level of physical activity prior to their acute
myocardial infarction, (2) the participant’s level of activity after
the acute myocardial infarction, (3) exertional chest pain after
their cardiac event, (4) orthopedic limitations, and (5) the
participant’s perceptions of their difficulty achieving exercise
target goals. Weekly goals were subject to modification based
on the participant’s performance the preceding week. Successful
completion of goals prompted an increase in the frequency or
duration of the sessions, whereas a low completion percentage
resulted in maintaining or decreasing the frequency or duration
of sessions (with a minimum of 2 walking and 2 exercise
sessions per week).

The cardiac rehabilitation nurse reviewed participant data,
advised participants on weekly goals, and screened for any
issues related to abnormal heart rate. Heart rate zones were
modified by the nurse if new medications were prescribed or
based upon a treating clinician’s advice. Each week, the cardiac
rehabilitation nurse contacted the participants at a time deemed
preferable by the participant to perform a cardiac rehabilitation
counseling session (Multimedia Appendix 1) to review exercise
and walking goal completion, check heart rate values, address
concerns, and deliver standard cardiac rehabilitation modules
on heart disease management (ie, smoking cessation, weight
management, stress management). At the end of 12-week
program, the study participant returned the health watch and
tablet at a study visit and completed an exit interview, which
consisted of the baseline assessment components in addition to
questions regarding exercise motivation and system usability
in the context of the MI-PACE program. The analytical sample
for this study comprised participants who completed the full
12-week program. The Philips Internal Committee for
Biomedical Experiments and the University of Massachusetts
Medical School institutional review board (H00013769)
reviewed and approved this study.

Primary Study Outcomes
The primary study outcomes included measures of adherence
to components of the cardiac rehabilitation system and its
general usability. We examined adherence to the individual
component with the following measures: health watch daily
wear time in hours, proportion of completed weekly telephone
counseling sessions, and proportion of exercise and walking
sessions reaching the target duration. Completion of an exercise
session was determined based on the number of minutes spent
in or above the target exercise heart rate zone. Any exercise
time spent below this heart rate zone was not considered cardiac
rehabilitation exercise and was not counted toward the exercise
goal. Completion of a tele-cardiac rehabilitation session was
recorded by the cardiac rehabilitation nurse.

To assess the usability of the MI-PACE system, participants
completed the 10-item System Usability Scale (SUS) at the end
of the program [31]. Participants rated factors such as
complexity, ease of use, and confidence in operating the system
on a 5-point Likert-type scale (strongly disagree, disagree,
neutral, agree, strongly agree). SUS scores have a range of 0 to
100, with higher scores indicating greater usability. SUS scores
of 68 or higher are considered to indicate good usability [32].

Secondary Study Outcomes
We measured participants’ daily step counts during the study
period. We also determined adherence to wearing the health
watch over the course of the study, by operationally defining a
day of wear as registering more than 1000 steps and wearing
the health watch for more than 2 hours. Participants also
completed walking goals distinct from their exercise goals,
defined by minutes spent walking in bouts of at least 2 minutes
(regardless of them being in the target exercise heart rate zone).

Participants completed the Seattle Angina Questionnaire (SAQ)
[33] to assess disease-specific quality of life at baseline and at
the end of the study. The SAQ has 5 scales assessing physical
limitation, angina stability, angina frequency, treatment
satisfaction, and quality of life that are each scored from 0 to
100, with higher scores indicating greater disease-specific
quality of life. Expert panels consider changes ≥16.0 points to
be clinically meaningful [34].

Clinical Variables
Trained study staff abstracted data on participants’demographic,
clinical, treatment, and laboratory characteristics during their
index hospitalization from electronic health records—key
clinical, electrocardiographic, and laboratory variables (troponin,
ECG ST-segment changes, systolic blood pressure, and
creatinine levels upon admission, history of renal dysfunction,
Killip classification, use of diuretics, and instances of cardiac
arrest)—to calculate the Global Registry of Acute Coronary
Events (GRACE) risk scores a validated instrument [35], to
ascertain severity of acute myocardial infarction and short-term
prognosis. Study staff also abstracted baseline ECG information,
exercise performance, and presence of symptoms from the stress
test performed at study entry.
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Statistical Analyses
Baseline demographic and clinical characteristics for participants
are presented using percentages for categorical variables, means
with standard deviations for continuous variables with normal
distributions, and medians with first and third quartile values
for continuous variables with skewed distributions. To examine
changes in cardiac rehabilitation behaviors over the course of
the study, we plotted the weekly median value and interquartile
ranges for participants’ mean daily health watch wear time,
median and interquartile ranges of daily step count, and mean
proportion of weekly exercise goals completed.

We compared baseline to end-of-study scores for the SAQ scales
using Wilcoxon matched-pair signed-ranks tests due to skewed
distributions.

Results

Sample Size and Baseline Characteristics
Overall, study staff screened 420 inpatient admissions for study
eligibility, of whom 62 (15%) met eligibility criteria. Of the 62

patients who were eligible, 57 were approached, and 31 (54.4%)
consented to participate and completed baseline interviews. Of
these 31 individuals, participation in the cardiac
telerehabilitation program was deemed to be safe for 20
individuals who successfully completed the baseline stress test
(Figure 1). Two participants withdrew prematurely (one due to
an unplanned vascular surgery and another because their
cardiologist recommended transition to center-based cardiac
rehabilitation); the remaining 18 participants (90%) completed
the 12-week tele-CR program.

Of participants who completed the 12-week tele-CR program
(n=18; age: mean 58 years, SD 7) (Table 1), 6 (33%) were
women, 16 (89%) were non-Hispanic White individuals, 6
(33%) had been hospitalized for ST-segment elevation acute
myocardial infarction, and the median GRACE score was 92.2
(IQR 82.2, 104.4). Notably, 9 (50%) and 7 (39%) participants
reported travel and inadequate time, respectively, as obstacles
to participating in center-based cardiac rehabilitation.
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Table 1. Baseline characteristics of patients who completed the 12-week telerehabilitation program.

Value (n=18)Characteristic

58 (7)Age (years), mean (SD)

Sex, n (%)

6 (33)Female

12 (67)Male

Race and ethnicity, n (%)

16 (89)Non-Hispanic White

1 (6)Middle Eastern

1 (6)Unspecified

29.1 (27.3, 33.8)BMIa (kg/m2), median (IQR)

Clinical characteristicsb, n (%)

2 (11)Atrial fibrillation or flutter

4 (22)Chronic kidney disease

3 (17)Depression

2 (11)Diabetes

14 (78)Dyslipidemia

9 (50)Hypertension

0 (0)Prior myocardial infarction

2 (11)Obstructive sleep apnea

1 (6)Currently smokes

Index hospitalization data

6 (33)ST-segment elevation myocardial infarction, n (%)

92.2 (82.2, 104.4)GRACEc risk score, median (IQR)

3.5 (0.8, 18.7)Maximum troponin level (mg/dL), median (IQR)

14 (78)Percutaneous coronary intervention, n (%)

58.8 (9.7)Left ventricle ejection fraction (%), mean (SD)

Baseline cardiac rehabilitation stress test data

8.4 (3.0)Total exercise time (minutes), mean (SD)

10.1 (7.6, 13.4)Metabolic equivalent of task (METs), median (IQR)

aBMI: body mass index.
bPercentages do not add to 100 because patients may have more than 1 condition.
cGRACE: Global Registry of Acute Coronary Events.

Adherence to Wearing Health Watch
Participants wore the study health watch for a median of 61
(73%) of 84 study days (IQR 35, 78) over the 12-week study

period and for a median of 12.7 hours (IQR 11.1, 13.8) per day
(Table 2). Daily health watch wear time was consistent over the
12-week study period, with a mean decrease in wear time of
0.06 hours (95% CI −0.15 to 0.02 hours) per week (Figure 2).
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Table 2. Adherence metrics to the telerehabilitation program.

ValueAdherence metric

12.7 (11.1, 13.8)Daily wear time, median (IQR)

61 (35, 78)Days worn, median (IQR)

86.0Mean percentage of exercise goals met

33.6Mean percentage of walking goals met

91.7Mean percentage of phone sessions completed

Figure 2. Participants' mean daily wear time by study week.

Exercise and Walking
Overall, participants completed a mean of 86% of prescribed
exercise goals over the 12-week study period (Table 2).
Participants completed a smaller proportion of exercise
assignments over time, and there was an average decline of 8%
(95% CI 3% to 13%) completion of prescribed exercise goals
per additional study week (Figure 3). The overall percentage of
completed walking goals for the entire study was 34% (Table
2). Completion of prescribed walking goals remained unchanged
over the duration of the study with a mean weekly increase in
completion rate of 1% (95% CI −12% to 14%) per additional

week. The median of each participant’s average daily count was
6023 steps (IQR 3940, 6920). Participants’ daily step counts
remained steady over the 12-week study period, with an average
increase of 15 steps (95% CI −71 to 101) per additional week
(Figure 4).

On average, participants walked 121 minutes per week (SD
175); the average number of walking minutes increased by 2.7
minutes per additional study week. On average participants
spent 189 minutes per week (SD 210) in their exercise heart
rate zone; the average number of exercise minutes decreased
by 0.55 minutes per additional study week.
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Figure 3. Exercise goals completed by study week.

Figure 4. Median daily step count by study week.

Adherence to Tele-CR sessions
The lowest number of telephone counseling sessions attended
by a participant was 7 out of 12, and the median number of
weekly tele-CR sessions attended was 11, with 8 out of 18
participants attending all 12 sessions.

Health-Related Quality of Life
Quality of life (P=.12), self-perception of physical limitation
(P=.79), angina frequency (P=.67), and treatment satisfaction
(P=.42) scores did not change significantly from baseline to
study completion; however, there was a significant improvement
in participants’ perceptions of their angina stability (baseline:
median 50, IQR 41.7, 91.7; after tele-CR: median 100, IQR
50.0, 100; P=.003) (Table 3).
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Table 3. Seattle Angina Questionnaire Quality of Life scores for survivors of an acute myocardial infarction who completed a 12-week telerehabilitation
program (n=18).

P valueScore, median (IQR)Seattle Angina Questionnaire domainsa

12 weeksBaseline

.79100 (77.8, 100)98.6 (77.8, 100)Physical limitation

.003100 (50.0, 100)50.0 (50.0, 50.0)Angina stability

.67100 (75.0, 100)90.0 (80.0, 100)Angina frequency

.42100 (90.6, 100)100 (81.3, 100)Treatment satisfaction

.1250.0 (50.0, 91.7)50.0 (41.7, 91.7)Quality of life

aEach scale has a range from 0 to 100, with higher scores indicating better quality of life.

Usability and Motivation
The median SUS score was 82.5 (IQR 65.0, 90.0). Overall, 82%
of participants (14/17) reported that the system motivated them
to be physically active, and 82% (14/17) also reported that the

system helped them to achieve physical activity
recommendations. About a third of participants agreed that,
because of the system, they walked and exercised more than
they previously had (Table 4).

Table 4. Perception of usability and motivation among survivors of an acute myocardial infarction who completed a 12-week telerehabilitation program.

Participants endorsing (n=18), n (%)Items

Agree or strongly
agree

Don’t know or neutralDisagree or strongly
disagree

System usability

15 (88)2 (12)0 (0)Would use frequentlya

2 (13)0 (0)14 (88)Found unnecessarily complexb

14 (82)0 (0)3 (18)Easy to usea

3 (18)2 (12)12 (71)Need technical supporta

12 (71)1 (6)4 (24)Functions well integrateda

9 (53)0 (0)8 (47)Too much inconsistencya

14 (82)1 (6)2 (12)People can learn to use quicklya

3 (18)0 (0)14 (82)System awkward to usea

14 (82)2 (12)1 (6)Self-confidence using systema

2 (13)1 (6)13 (81)Need to learn a lot prior to useb

Motivation

14 (82)2 (12)1 (6)The system motivates me to walk and exercisea

14 (82)2 (12)1 (6)The system helps me to follow the walking and exercise recommendationa

6 (35)6 (35)5 (29)Thanks to the system I walk and exercise more than beforea

aMissing responses (n=1) were not included in the denominator of percentage calculations.
bMissing responses (n=2) were not included in the denominator of percentage calculations.

Major Medical and Safety Events
No participants reported injuries or major adverse medical
events in connection with their cardiac rehabilitation or study
activities. There were no instances of recurrent cardiac events
or death among participants over the course of the study.

Discussion

Principal Findings
In this study, we demonstrated that patients hospitalized after
acute myocardial infarction who declined to participate in
center-based cardiac rehabilitation participated in alternative
cardiac telerehabilitation, which comprised a wearable watch,
a cardiac rehabilitation app for review of exercise and walking
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goals, and scheduled telephone sessions with a cardiac
rehabilitation nurse, found it to be acceptable. We observed
moderately high rates of adherence to exercise recommendations
and telephone counseling sessions.

Most indices of disease-specific quality of life remained stable
over the 12-week study period; however, perceived angina
stability improved. No adverse events were observed among
study participants. Participants completing the 12-week cardiac
rehabilitation intervention reported the cardiac rehabilitation
system to be usable and motivating for physical activity. These
results suggest that a nurse-assisted cardiac telerehabilitation
program with an internet-connected app and wrist-based
wearable device may be an acceptable alternative for patients
eligible for but who decline to participate in center-based cardiac
rehabilitation.

Participation Adherence
Participants were generally adherent to the tele-CR program.
Participants’ health watch wear time and step count averages
remained stable throughout the entire 12-week program, which
is consistent with findings of other cardiac telerehabilitation
studies [4].

The exercise and walking goals were collaboratively set by each
patient and the cardiac rehabilitation nurse and thus were
individualized. Participants completed a high portion of their
exercise goals. We observed a slight decline in adherence to
exercise goals over the 12-week study period. These goals are
based on achieving heart rate targets, and in combination with
the steady step count data, our results may indicate that
participants’ exercise intensities slightly declined over time. In
particular, when fitness levels improve, the same exercise
routine may result in a slightly lower heart rate. Another possible
reason for this decrease in exercise goal adherence over the
study may be because weekly exercise goals were generally
increased if the previous week’s goals were met, and
consequently, participants who successfully completed prior
weekly exercise recommendations may have found it
increasingly difficult to achieve new exercise targets.

The overall percentage of completed walking goals was lower
(34%) than that that of completed exercise goals (86%), but
remained constant over the 12-week study period. We
hypothesize that the health watch walking time algorithm, which
required that participants walk for 2 continuous minutes (no
breaks lasting longer than 10 seconds) in order for the time
period to be counted, may have led to underestimation of
participants’ true walking time. Consistent with this hypothesis,
participants in our study reported during their exit survey that
interrupted or short walks were not counted toward their walking
time. Despite the limitations of the approach used in our study,
other activity trackers use similar approaches. For example,
Fitbit counts active minutes only after 10 minutes of continuous
moderate-to-intense activity [36]. In the future, we may consider
lowering the walking time threshold for older adults
participating in tele-CR.

Nearly half of the participants completed all 12 tele-CR sessions
with the study cardiac rehabilitation nurse, and we observed
high adherence to phone sessions throughout the program,

though adherence was higher in the first half of the study than
that in the second (95% in the first 6 weeks and 87% in the
second). Although patient education is a core component of
many telerehabilitation protocols [18,26,37], many models tend
to utilize technology to implement passive unidirectional
communication as opposed to engaging the patient in active
education such as (eg, shared decision making in setting goals
and assessing their overall needs with respect to their cardiac
health). In fact, previous research on tele-CR that used
unidirectional patient education concluded that additional
telephone support and more intensive coaching would be
valuable [38,39]. Our participants nearly unequivocally
mentioned support from the cardiac rehabilitation nurse as a
highlight of the program and as one of its most important
components. The enthusiasm and patience of the cardiac
rehabilitation nurse as mentioned by many of the patients is
likely to be a major contributor to the high adherence rates to
the cardiac rehabilitation nurse sessions.

Usability and Motivation
Participants generally expressed enthusiasm for their experience
with the MI-PACE system (SUS score: median 82.5, IQR 65.0,
90.0) and responses on motivation assessments. Recent studies
[23,40,41] with tele-CR systems similar to ours reported mean
SUS scores of 76 [41], 75 [40] and 65.5 [23], suggesting that
tele-CR systems generally show acceptable usability despite
the comorbidity and impairment burden of the target population.
While the SUS has been validated for use as a complete
instrument, examining its individual domains may provide
specific insight into different aspects of usability. The item
asking about inconsistencies in the system appears to be the
only item to generate a wide distribution of responses (Table
4). This heterogeneity in response is likely due to challenges
that some participants faced with walking time detection using
the health watch; the fact that short and intermittent walks did
not contribute to their total walking time discouraged some
participants.

Participants overwhelmingly endorsed that the tele-CR system
increased their motivation to perform physical activity and
helped them with reaching their physical activity targets (82%
for both). A much lower proportion of patients reported that the
system directly increased their level of physical activity (35%).
In this study, participants achieved a high level of physical
activity. Participants walked for an average of 121 minutes per
week (SD 175) and spending 189 minutes per week (SD 210)
in their personal exercise heart rate zone. Participants’ average
walking time (121 minutes per week) falls below the
recommended 150 minutes of weekly moderate-intensity
exercise [1], but walking time may have been underestimated
by the health watch. Furthermore, the observed average of 189
minutes spent in the exercise heart rate zone is considerably
greater than the 75 minutes of vigorous-intensity exercise per
week recommended by the American Heart Association, which
indicates that participants generally achieved adequately high
levels of exercise [42].

Disease-Specific Quality of Life
Angina stability improved significantly (P=.003) in tele-CR
participants over the 12-week study period. The lack of
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statistical significance in other domains (quality of life: P=.12;
self-perception of physical limitation: P=.79; angina frequency:
P=.67; treatment satisfaction: P=.42) is not surprising in light
of the fact that the tele-CR program was not designed to address
all facets of clinical care (ie, medical treatment). Significant
change in these domains is likely to require longer follow-up.
It should also be noted that our study was not sufficiently
powered to detect small differences in SAQ (n=18). However,
our results are consistent with those of other studies [26,43]
demonstrating that the effects of cardiac telerehabilitation on
disease-specific and health related quality of life are mixed. For
example, though it has been suggested that angina frequency
may improve after 6 weeks of cardiac rehabilitation [44], other
cohort studies [44,45] show no significant associations between
cardiac rehabilitation participation and domains of health related
quality of life. Further research is needed to elucidate component
factors of cardiac rehabilitation that may contribute to changes
in health related quality of life domains to clarify why they are
observed in only a subset of studies.

Telerehabilitation and Mobile Health Technology
The use of mobile and wearable technologies for heart rate and
activity monitoring has revolutionized many aspects of health
care, and cardiac rehabilitation is a promising area for leveraging
remote monitoring to improve cardiovascular outcomes.
Whereas earlier cardiac telerehabilitation programs focused on
web-based portals and providing additional communications
channels for patients during the rehabilitation process [17], more
recent studies [18,20,21,46] have begun to utilize biosensors in
wearable devices to both monitor progress and inform exercise
interventions. There appears to be increasing interest in support
of leveraging near-continuous biomonitoring from mobile
devices to generate real-time feedback in order to individualize
recommendations and maximize potential patient benefits in
tele-CR. In addition, systematic reviews and meta-analyses have
shown the noninferiority of home-based cardiac rehabilitation
compared to traditional center-based approaches with respect
to virtually all relevant outcomes [17,37], and further studies
suggest that costs of tele-CR are at least comparable, if not
lower than, those incurred by center-based cardiac rehabilitation
[15,18,20].

Very little research, however, has focused on assessing the
usability and feasibility of telemonitoring programs in a patient
population fraught with a heavy burden of comorbidities (such
as a cardiac rehabilitation patient population) or the
organizational and systemic challenges in implementing such
programs. Involving all stakeholders is important, as they are
critical to successfully implement a tele-CR program. Potential
differences between the number and quality of health care
provider visits delivered through tele-CR versus those delivered
through conventional cardiac rehabilitation further emphasize
the importance of addressing human factors in tele-CR design
processes [47]. Ideally, users or prescribers of the tele-CR
system should be involved throughout the process, using a
participatory design model, and feedback should be elicited
from the patients, their caretakers, health care professionals,
and health care company specialists [48]. Recently, a tele-CR
intervention whose developers heavily engaged target users in
the development process [49] subsequently demonstrated high

ease of use (reported by participants) [23], which illustrates the
need for stakeholder engagement. Involvement of all
stakeholders maximizes the likelihood of designing an end
product that is highly usable and addresses the needs of each
relevant party to ensure successful clinical application. There
is significant value in understanding the nuances surrounding
the specific use of devices as well as the myriad of relevant
process variables in implementation in tele-CR. This is not only
an important step toward the goal of widespread dissemination
and adoption of tele-CR, but arguably, a necessary one.

This study contributes to a very sparse knowledge base regarding
the usability of, and adherence to, a health watch-based tele-CR
program. The intervention and supportive care environment
enabled by weekly interactions with a trained cardiac
rehabilitation nurse and our findings from the data provided by
the wearable device indicate that this specific model of tele-CR
may be an acceptable alternative to center-based cardiac
rehabilitation as patients overwhelmingly gave high usability
ratings for the system.

Implementation Strategy
Design of the study’s protocol necessitated careful consideration
of implementation strategies in order to ensure its success. The
device support provided by study staff throughout the study
appears to be an important component of a positive patient
experience. While participants were contacted by the study
cardiac rehabilitation nurse weekly, the nurse’s role did not
encompass technical support, and patients generally reported
that the availability of study staff for questions regarding the
watch and tablet system, both at the initial study visit as well
as the duration of their enrollment, had been important to their
success in use. This demonstrates the utility of having the
necessary support staff to meet patient needs, both in research
as well as in clinical practice, with respect to answering technical
questions when they arise. One challenge that arose during
implementation of this study was the need to streamline patient
recruitment while respecting the clinical decisions made by
their primary medical teams. Study participation required
medical procedures (a stress test) not directly recommended by
their medical teams, and thus, that were potentially difficult to
integrate into the patient care workflow (and with consequent
medical expenditures). Minimizing disruptions to routine patient
care and integrating clinical research into existing health care
systems is key for the success of similar projects and to ensure
patient safety.

Study Strengths and Limitations
The strengths of this study include the use of a population of
patients who were eligible for cardiac rehabilitation but who
declined center-based rehabilitation, the use of a tele-CR
program informed by data from a validated wrist-based wearable
device [29], the integration of a remote cardiac rehabilitation
nurse to review data and provide standardized and scalable
cardiac rehabilitation–specific health education using
conventional methods of cardiac rehabilitation counseling, use
of validated indices of usability and disease-specific quality of
life, and objective monitoring of participants’ levels of physical
activity after acute myocardial infarction. We acknowledge
several limitations: the small sample size, low proportion of
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eligible to screened patients, and study design that focused on
feasibility, adherence, and usability all contribute potential
biases that may limit interpretability of the results. Selection
bias may have resulted in a population with high baseline
physical activity, with participants maintaining, rather than
increasing, their physical fitness, which is limits generalizability
to other cardiac rehabilitation populations. The study was not
powered to identify individual factors associated with cardiac
rehabilitation adherence or to determine the effect of cardiac
rehabilitation on clinical or patient-reported outcomes (n=18).
Additionally, the study cohort was relatively fit at baseline
(median MET 10.6), and there may be bias with respect to the
potential for activity increase over the course of the 12 weeks.
Finally, we did not systematically assess contextual factors

related to study implementation or physical fitness
postintervention.

Conclusions
Cardiac telerehabilitation with a wearable device for patients
after acute myocardial infarction had high usability ratings as
well as high rates of adherence to health watch use, exercise
recommendations, and telephone counseling sessions, with no
associated adverse outcomes reported. Telerehabilitation with
wearables may be an alternative for patients who are eligible
but unable to participate in center-based cardiac rehabilitation.
Additional studies with larger patient samples are warranted to
compare patient outcomes and health care resource utilization
for center-based rehabilitation to those of telerehabilitation.

Acknowledgments
EYD and DDM were supported by the National Heart, Lung, and Blood Institute (EYD: F30HL149335; DDM: R01HL126911,
R01HL137734, R01HL137794, R01HL135219, R01HL136660, U54HL143541, and 1U01HL146382). This study was funded
by Philips Research (grant number MI-PACE/CT1700092).

Conflicts of Interest
DDM received sponsored research grant support from Bristol-Myers Squibb, Boehringher-Ingelheim, Pfizer, Flexcon, Fitbit,
Philips Healthcare, and Biotronik and has received consultancy fees from Bristol-Myers Squibb, Pfizer, Flexcon, Boston Biomedical
Associates, and Rose Consulting. WS is an employee of Philips Research.

Multimedia Appendix 1
(A) Health Watch, (B) screenshot of patient-facing PACE app, (C) screenshot of patient list in the provider-facing PACE app,
and (D) screenshot of heart rate graph in the provider-facing PACE app.
[DOCX File , 529 KB-Multimedia Appendix 1]

References

1. Balady GJ, Williams MA, Ades PA, Bittner V, Comoss P, Foody JM, et al. Core components of cardiac
rehabilitation/secondary prevention programs: 2007 update: a scientific statement from the American Heart Association
Exercise, Cardiac Rehabilitation, and Prevention Committee, the Council on Clinical Cardiology; the Councils on
Cardiovascular Nursing, Epidemiology and Prevention, and Nutrition, Physical Activity, and Metabolism; and the American
Association of Cardiovascular and Pulmonary Rehabilitation. Circulation 2007 May 22;115(20):2675-2682 [FREE Full
text] [doi: 10.1161/CIRCULATIONAHA.106.180945] [Medline: 17513578]

2. Thomas RJ, Beatty AL, Beckie TM, Brewer LC, Brown TM, Forman DE, et al. Home-based cardiac rehabilitation: a
scientific statement from the American Association of Cardiovascular and Pulmonary Rehabilitation, the American Heart
Association, and the American College of Cardiology. Circulation 2019 Jul 02;140(1):e69-e89. [doi:
10.1161/CIR.0000000000000663] [Medline: 31082266]

3. Anderson L, Oldridge N, Thompson DR, Zwisler A, Rees K, Martin N, et al. Exercise-based cardiac rehabilitation for
coronary heart disease: Cochrane systematic review and meta-analysis. J Am Coll Cardiol 2016 Jan 05;67(1):1-12 [FREE
Full text] [doi: 10.1016/j.jacc.2015.10.044] [Medline: 26764059]

4. Dunlay SM, Pack QR, Thomas RJ, Killian JM, Roger VL. Participation in cardiac rehabilitation, readmissions, and death
after acute myocardial infarction. Am J Med 2014 Jun;127(6):538-546 [FREE Full text] [doi: 10.1016/j.amjmed.2014.02.008]
[Medline: 24556195]

5. Sandesara PB, Lambert CT, Gordon NF, Fletcher GF, Franklin BA, Wenger NK, et al. Cardiac rehabilitation and risk
reduction: time to "rebrand and reinvigorate". J Am Coll Cardiol 2015 Feb 3;65(4):389-395. [doi: 10.1016/j.jacc.2014.10.059]
[Medline: 25634839]

6. Pack QR, Squires RW, Lopez-Jimenez F, Lichtman SW, Rodriguez-Escudero JP, Zysek VN, et al. The current and potential
capacity for cardiac rehabilitation utilization in the United States. J Cardiopulm Rehabil Prev 2014;34(5):318-326. [doi:
10.1097/HCR.0000000000000076] [Medline: 25098437]

7. Aragam KG, Dai D, Neely ML, Bhatt DL, Roe MT, Rumsfeld JS, et al. Gaps in referral to cardiac rehabilitation of patients
undergoing percutaneous coronary intervention in the United States. J Am Coll Cardiol 2015 May 19;65(19):2079-2088
[FREE Full text] [doi: 10.1016/j.jacc.2015.02.063] [Medline: 25975470]

JMIR Hum Factors 2021 | vol. 8 | iss. 3 | e18130 | p. 12https://humanfactors.jmir.org/2021/3/e18130
(page number not for citation purposes)

Ding et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v8i3e18130_app1.docx&filename=ee4222c25c4b0744b3d7bdc3d3f73d52.docx
https://jmir.org/api/download?alt_name=humanfactors_v8i3e18130_app1.docx&filename=ee4222c25c4b0744b3d7bdc3d3f73d52.docx
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=17513578
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=17513578
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.180945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17513578&dopt=Abstract
http://dx.doi.org/10.1161/CIR.0000000000000663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31082266&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(15)07119-3
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(15)07119-3
http://dx.doi.org/10.1016/j.jacc.2015.10.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26764059&dopt=Abstract
http://europepmc.org/abstract/MED/24556195
http://dx.doi.org/10.1016/j.amjmed.2014.02.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24556195&dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2014.10.059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25634839&dopt=Abstract
http://dx.doi.org/10.1097/HCR.0000000000000076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25098437&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(15)01438-2
http://dx.doi.org/10.1016/j.jacc.2015.02.063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25975470&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Beatty AL, Li S, Thomas L, Amsterdam EA, Alexander KP, Whooley MA. Trends in referral to cardiac rehabilitation after
myocardial infarction: data from the National Cardiovascular Data Registry 2007 to 2012. J Am Coll Cardiol 2014 Jun
17;63(23):2582-2583 [FREE Full text] [doi: 10.1016/j.jacc.2014.03.030] [Medline: 24768872]

9. Desai NR, Udell JA, Wang Y, Spatz ES, Dharmarajan K, Ahmad T, et al. Trends in performance and opportunities for
improvement on a composite measure of acute myocardial infarction care. Circ Cardiovasc Qual Outcomes 2019
Mar;12(3):e004983. [doi: 10.1161/CIRCOUTCOMES.118.004983] [Medline: 30871375]

10. Ritchey MD, Maresh S, McNeely J, Shaffer T, Jackson SL, Keteyian SJ, et al. Tracking cardiac rehabilitation participation
and completion among medicare beneficiaries to inform the efforts of a national initiative. Circ Cardiovasc Qual Outcomes
2020 Jan;13(1):e005902. [doi: 10.1161/CIRCOUTCOMES.119.005902] [Medline: 31931615]

11. Arena R, Williams M, Forman DE, Cahalin LP, Coke L, Myers J, American Heart Association Exercise‚ Cardiac
Rehabilitation and Prevention Committee of the Council on Clinical Cardiology‚ Council on Epidemiology and Prevention‚
Council on Nutrition‚ Physical Activity and Metabolism. Increasing referral and participation rates to outpatient cardiac
rehabilitation: the valuable role of healthcare professionals in the inpatient and home health settings: a science advisory
from the American Heart Association. Circulation 2012 Mar 13;125(10):1321-1329. [doi: 10.1161/CIR.0b013e318246b1e5]
[Medline: 22291128]

12. Mead H, Grantham S, Siegel B. Improving cardiovascular care through outpatient cardiac rehabilitation: an analysis of
payment models that would improve quality and promote use. J Cardiovasc Nurs 2014;29(2):158-164. [doi:
10.1097/JCN.0b013e31828568f7] [Medline: 23416941]

13. Balady GJ, Ades PA, Bittner VA, Franklin BA, Gordon NF, Thomas RJ, American Heart Association Science Advisory
and Coordinating Committee. Referral, enrollment, and delivery of cardiac rehabilitation/secondary prevention programs
at clinical centers and beyond: a presidential advisory from the American Heart Association. Circulation 2011 Dec
20;124(25):2951-2960. [doi: 10.1161/CIR.0b013e31823b21e2] [Medline: 22082676]

14. Beatty AL, Fukuoka Y, Whooley MA. Using mobile technology for cardiac rehabilitation: a review and framework for
development and evaluation. J Am Heart Assoc 2013;2(6):e000568 [FREE Full text] [doi: 10.1161/JAHA.113.000568]
[Medline: 24185949]

15. Dhurjaty S. The economics of telerehabilitation. Telemed J E Health 2004;10(2):196-199. [doi: 10.1089/tmj.2004.10.196]
[Medline: 15319049]

16. Pio CSDA, Chaves G, Davies P, Taylor R, Grace S. Interventions to promote patient utilization of cardiac rehabilitation:
Cochrane systematic review and meta-analysis. J Clin Med 2019 Feb 05;8(2):189 [FREE Full text] [doi: 10.3390/jcm8020189]
[Medline: 30764517]

17. Anderson L, Sharp GA, Norton RJ, Dalal H, Dean SG, Jolly K, et al. Home-based versus centre-based cardiac rehabilitation.
Cochrane Database Syst Rev 2017 Dec 30;6:CD007130. [doi: 10.1002/14651858.CD007130.pub4] [Medline: 28665511]

18. Maddison R, Rawstorn JC, Stewart RAH, Benatar J, Whittaker R, Rolleston A, et al. Effects and costs of real-time cardiac
telerehabilitation: randomised controlled non-inferiority trial. Heart 2019 Jan;105(2):122-129 [FREE Full text] [doi:
10.1136/heartjnl-2018-313189] [Medline: 30150328]

19. Frederix I, Solmi F, Piepoli MF, Dendale P. Cardiac telerehabilitation: a novel cost-efficient care delivery strategy that can
induce long-term health benefits. Eur J Prev Cardiol 2017 Dec;24(16):1708-1717. [doi: 10.1177/2047487317732274]
[Medline: 28925749]

20. Kraal JJ, Van den Akker-Van Marle ME, Abu-Hanna A, Stut W, Peek N, Kemps HM. Clinical and cost-effectiveness of
home-based cardiac rehabilitation compared to conventional, centre-based cardiac rehabilitation: results of the FIT@Home
study. Eur J Prev Cardiol 2017 Aug;24(12):1260-1273 [FREE Full text] [doi: 10.1177/2047487317710803] [Medline:
28534417]

21. Snoek JA, Meindersma EP, Prins LF, Van't Hof AW, de Boer M, Hopman MT, et al. The sustained effects of extending
cardiac rehabilitation with a six-month telemonitoring and telecoaching programme on fitness, quality of life, cardiovascular
risk factors and care utilisation in CAD patients: the TeleCaRe study. J Telemed Telecare 2019 Nov 23:1357633X19885793.
[doi: 10.1177/1357633X19885793] [Medline: 31760855]

22. Piwek L, Ellis DA, Andrews S, Joinson A. The rise of consumer health wearables: promises and barriers. PLoS Med 2016
Feb;13(2):e1001953 [FREE Full text] [doi: 10.1371/journal.pmed.1001953] [Medline: 26836780]

23. Claes J, Cornelissen V, McDermott C, Moyna N, Pattyn N, Cornelis N, et al. Feasibility, acceptability, and clinical
effectiveness of a technology-enabled cardiac rehabilitation platform (physical activity toward health-i): randomized
controlled trial. J Med Internet Res 2020 Feb 04;22(2):e14221 [FREE Full text] [doi: 10.2196/14221] [Medline: 32014842]

24. Harzand A, Witbrodt B, Davis-Watts ML, Alrohaibani A, Goese D, Wenger NK, et al. Feasibility of a smartphone-enabled
cardiac rehabilitation program in male veterans with previous clinical evidence of coronary heart disease. Am J Cardiol
2018 Nov 01;122(9):1471-1476 [FREE Full text] [doi: 10.1016/j.amjcard.2018.07.028] [Medline: 30217377]

25. Torri A, Panzarino C, Scaglione A, Modica M, Bordoni B, Redaelli R, et al. Promotion of home-based exercise training
as secondary prevention of coronary heart disease: a pilot web-based intervention. J Cardiopulm Rehabil Prev 2018
Jul;38(4):253-258. [doi: 10.1097/HCR.0000000000000316] [Medline: 29738378]

JMIR Hum Factors 2021 | vol. 8 | iss. 3 | e18130 | p. 13https://humanfactors.jmir.org/2021/3/e18130
(page number not for citation purposes)

Ding et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(14)01996-2
http://dx.doi.org/10.1016/j.jacc.2014.03.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24768872&dopt=Abstract
http://dx.doi.org/10.1161/CIRCOUTCOMES.118.004983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30871375&dopt=Abstract
http://dx.doi.org/10.1161/CIRCOUTCOMES.119.005902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31931615&dopt=Abstract
http://dx.doi.org/10.1161/CIR.0b013e318246b1e5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22291128&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0b013e31828568f7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23416941&dopt=Abstract
http://dx.doi.org/10.1161/CIR.0b013e31823b21e2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22082676&dopt=Abstract
http://jaha.ahajournals.org/cgi/pmidlookup?view=long&pmid=24185949
http://dx.doi.org/10.1161/JAHA.113.000568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24185949&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2004.10.196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15319049&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm8020189
http://dx.doi.org/10.3390/jcm8020189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30764517&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD007130.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28665511&dopt=Abstract
http://heart.bmj.com/cgi/pmidlookup?view=long&pmid=30150328
http://dx.doi.org/10.1136/heartjnl-2018-313189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30150328&dopt=Abstract
http://dx.doi.org/10.1177/2047487317732274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28925749&dopt=Abstract
http://europepmc.org/abstract/MED/28534417
http://dx.doi.org/10.1177/2047487317710803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28534417&dopt=Abstract
http://dx.doi.org/10.1177/1357633X19885793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31760855&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.1001953
http://dx.doi.org/10.1371/journal.pmed.1001953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26836780&dopt=Abstract
https://www.jmir.org/2020/2/e14221/
http://dx.doi.org/10.2196/14221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32014842&dopt=Abstract
http://europepmc.org/abstract/MED/30217377
http://dx.doi.org/10.1016/j.amjcard.2018.07.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30217377&dopt=Abstract
http://dx.doi.org/10.1097/HCR.0000000000000316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29738378&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. Varnfield M, Karunanithi M, Lee C, Honeyman E, Arnold D, Ding H, et al. Smartphone-based home care model improved
use of cardiac rehabilitation in postmyocardial infarction patients: results from a randomised controlled trial. Heart 2014
Nov;100(22):1770-1779 [FREE Full text] [doi: 10.1136/heartjnl-2014-305783] [Medline: 24973083]

27. Coloma PM, Valkhoff VE, Mazzaglia G, Nielsson MS, Pedersen L, Molokhia M, EU-ADR Consortium. Identification of
acute myocardial infarction from electronic healthcare records using different disease coding systems: a validation study
in three European countries. BMJ Open 2013 Jun 20;3(6):e002862 [FREE Full text] [doi: 10.1136/bmjopen-2013-002862]
[Medline: 23794587]

28. Bruce RA, Kusumi F, Hosmer D. Maximal oxygen intake and nomographic assessment of functional aerobic impairment
in cardiovascular disease. Am Heart J 1973 Apr;85(4):546-562. [Medline: 4632004]

29. Hendrikx J, Ruijs LS, Cox LG, Lemmens PM, Schuijers EG, Goris AH. Clinical evaluation of the measurement performance
of the philips health watch: a within-person comparative study. JMIR Mhealth Uhealth 2017 Feb 02;5(2):e10 [FREE Full
text] [doi: 10.2196/mhealth.6893] [Medline: 28153815]

30. American College of Sports Medicine. Medicine and science in sports and exercise. In: ACSM's Guidelines for Exercise
Testing and Prescription, Ninth Edition. Philadelphia: Lippincott Williams & Wilkins; Feb 1, 2013.

31. Brooke J. SUS: A 'Quick and Dirty' Usability Scale. London: Taylor & Francis; 1996.
32. Brooke J. SUS: a retrospective. J Usability Stud 2013;8(2):29-40.
33. Spertus JA, Winder JA, Dewhurst TA, Deyo RA, Prodzinski J, McDonell M, et al. Development and evaluation of the

Seattle Angina Questionnaire: a new functional status measure for coronary artery disease. J Am Coll Cardiol 1995
Feb;25(2):333-341 [FREE Full text] [Medline: 7829785]

34. Wyrwich KW, Spertus JA, Kroenke K, Tierney WM, Babu AN, Wolinsky FD, Heart Disease Expert Panel. Clinically
important differences in health status for patients with heart disease: an expert consensus panel report. Am Heart J 2004
Apr;147(4):615-622. [doi: 10.1016/j.ahj.2003.10.039] [Medline: 15077075]

35. Fox KAA, Fitzgerald G, Puymirat E, Huang W, Carruthers K, Simon T, et al. Should patients with acute coronary disease
be stratified for management according to their risk? derivation, external validation and outcomes using the updated GRACE
risk score. BMJ Open 2014 Feb 21;4(2):e004425 [FREE Full text] [doi: 10.1136/bmjopen-2013-004425] [Medline:
24561498]

36. What are Active Zone Minutes or active minutes on my Fitbit device? Fitbit. URL: https://help.fitbit.com/articles/en_US/
Help_article/1379 [accessed 2021-05-19]

37. Rawstorn JC, Gant N, Direito A, Beckmann C, Maddison R. Telehealth exercise-based cardiac rehabilitation: a systematic
review and meta-analysis. Heart 2016 Dec 01;102(15):1183-1192. [doi: 10.1136/heartjnl-2015-308966] [Medline: 26936337]

38. Rawstorn JC, Gant N, Rolleston A, Whittaker R, Stewart R, Benatar J, et al. End users want alternative intervention delivery
models: usability and acceptability of the REMOTE-CR exercise-based cardiac telerehabilitation program. Arch Phys Med
Rehabil 2018 Nov;99(11):2373-2377. [doi: 10.1016/j.apmr.2018.06.027] [Medline: 30076800]

39. Bäck M, Öberg B, Krevers B. Important aspects in relation to patients' attendance at exercise-based cardiac rehabilitation
- facilitators, barriers and physiotherapist's role: a qualitative study. BMC Cardiovasc Disord 2017 Mar 14;17(1):77 [FREE
Full text] [doi: 10.1186/s12872-017-0512-7] [Medline: 28288580]

40. Jameie S, Haybar H, Aslani A, Saadat M. Development and usability evaluation of web-based telerehabilitation platform
for patients after myocardial infarction. Stud Health Technol Inform 2019;261:68-74. [Medline: 31156093]

41. Beatty AL, Magnusson SL, Fortney JC, Sayre GG, Whooley MA. VA FitHeart, a mobile app for cardiac rehabilitation:
usability study. JMIR Hum Factors 2018 Jan 15;5(1):e3 [FREE Full text] [doi: 10.2196/humanfactors.8017] [Medline:
29335235]

42. American Heart Association recommendations for physical activity in adults and kids. American Heart Association. URL:
https://www.heart.org/en/healthy-living/fitness/fitness-basics/aha-recs-for-physical-activity-in-adults [accessed 2021-05-19]

43. Cupples M, Dean A, Tully MA, Taggart M, McCorkell G, O'Neill S, et al. Using pedometer step-count goals to promote
physical activity in cardiac rehabilitation: a feasibility study of a controlled trial. Int J Phys Med Rehabil 2013;1(7):157.
[doi: 10.4172/2329-9096.1000157]

44. Long L, Anderson L, He J, Gandhi M, Dewhirst A, Bridges C, et al. Exercise-based cardiac rehabilitation for stable angina:
systematic review and meta-analysis. Open Heart 2019;6(1):e000989 [FREE Full text] [doi: 10.1136/openhrt-2018-000989]
[Medline: 31245012]

45. Goss JR, Epstein A, Maynard C. Effects of cardiac rehabilitation on self-reported health status after coronary artery bypass
surgery. J Cardiopulm Rehabil 2002;22(6):410-417. [doi: 10.1097/00008483-200211000-00005] [Medline: 12464828]

46. Spindler H, Leerskov K, Joensson K, Nielsen G, Andreasen J, Dinesen B. Conventional rehabilitation therapy versus
telerehabilitation in cardiac patients: a comparison of motivation, psychological distress, and quality of life. Int J Environ
Res Public Health 2019 Feb 12;16(3):512. [doi: 10.3390/ijerph16030512] [Medline: 30759761]

47. Brennan DM, Barker LM. Human factors in the development and implementation of telerehabilitation systems. J Telemed
Telecare 2008;14(2):55-58. [doi: 10.1258/jtt.2007.007040] [Medline: 18348747]

48. Joensson K, Melholt C, Hansen J, Leth S, Spindler H, Olsen MV, et al. Listening to the patients: using participatory design
in the development of a cardiac telerehabilitation web portal. Mhealth 2019;5:33 [FREE Full text] [doi:
10.21037/mhealth.2019.08.06] [Medline: 31620460]

JMIR Hum Factors 2021 | vol. 8 | iss. 3 | e18130 | p. 14https://humanfactors.jmir.org/2021/3/e18130
(page number not for citation purposes)

Ding et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://heart.bmj.com/cgi/pmidlookup?view=long&pmid=24973083
http://dx.doi.org/10.1136/heartjnl-2014-305783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24973083&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=23794587
http://dx.doi.org/10.1136/bmjopen-2013-002862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23794587&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4632004&dopt=Abstract
https://mhealth.jmir.org/2017/2/e10/
https://mhealth.jmir.org/2017/2/e10/
http://dx.doi.org/10.2196/mhealth.6893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28153815&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/0735109794003979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7829785&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2003.10.039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15077075&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=24561498
http://dx.doi.org/10.1136/bmjopen-2013-004425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24561498&dopt=Abstract
https://help.fitbit.com/articles/en_US/Help_article/1379
https://help.fitbit.com/articles/en_US/Help_article/1379
http://dx.doi.org/10.1136/heartjnl-2015-308966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26936337&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2018.06.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30076800&dopt=Abstract
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-017-0512-7
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-017-0512-7
http://dx.doi.org/10.1186/s12872-017-0512-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28288580&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31156093&dopt=Abstract
https://humanfactors.jmir.org/2018/1/e3/
http://dx.doi.org/10.2196/humanfactors.8017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29335235&dopt=Abstract
https://www.heart.org/en/healthy-living/fitness/fitness-basics/aha-recs-for-physical-activity-in-adults
http://dx.doi.org/10.4172/2329-9096.1000157
https://openheart.bmj.com/cgi/pmidlookup?view=long&pmid=31245012
http://dx.doi.org/10.1136/openhrt-2018-000989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31245012&dopt=Abstract
http://dx.doi.org/10.1097/00008483-200211000-00005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12464828&dopt=Abstract
http://dx.doi.org/10.3390/ijerph16030512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30759761&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2007.007040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18348747&dopt=Abstract
https://doi.org/10.21037/mhealth.2019.08.06
http://dx.doi.org/10.21037/mhealth.2019.08.06
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31620460&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


49. Walsh DMJ, Moran K, Cornelissen V, Buys R, Claes J, Zampognaro P, et al. The development and codesign of the PATHway
intervention: a theory-driven eHealth platform for the self-management of cardiovascular disease. Transl Behav Med 2019
Jan 01;9(1):76-98. [doi: 10.1093/tbm/iby017] [Medline: 29554380]

Abbreviations
ECG: electrocardiogram
GRACE: Global Registry of Acute Coronary Events
SAQ: Seattle Angina Questionnaire
SUS: System Usability Scale
tele-CR: cardiac telerehabilitation

Edited by A Kushniruk; submitted 05.02.20; peer-reviewed by J Kraal, K Goetschalckx, K Goessler, J Claes, G Signorelli, A Beatty,
R Buys; comments to author 03.03.20; revised version received 17.05.20; accepted 18.03.21; published 08.07.21

Please cite as:
Ding EY, Erskine N, Stut W, McManus DD, Peterson A, Wang Z, Escobar Valle J, Albuquerque D, Alonso A, Botkin NF, Pack QR,
McManus DD
MI-PACE Home-Based Cardiac Telerehabilitation Program for Heart Attack Survivors: Usability Study
JMIR Hum Factors 2021;8(3):e18130
URL: https://humanfactors.jmir.org/2021/3/e18130
doi: 10.2196/18130
PMID: 34255660

©Eric Y Ding, Nathaniel Erskine, Wim Stut, David D McManus, Amy Peterson, Ziyue Wang, Jorge Escobar Valle, Daniella
Albuquerque, Alvaro Alonso, Naomi F Botkin, Quinn R Pack, David D McManus. Originally published in JMIR Human Factors
(https://humanfactors.jmir.org), 08.07.2021. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic
information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information
must be included.

JMIR Hum Factors 2021 | vol. 8 | iss. 3 | e18130 | p. 15https://humanfactors.jmir.org/2021/3/e18130
(page number not for citation purposes)

Ding et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1093/tbm/iby017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29554380&dopt=Abstract
https://humanfactors.jmir.org/2021/3/e18130
http://dx.doi.org/10.2196/18130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34255660&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

