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Abstract

Background: Cardiac rehabilitation (CR) is an exercise-based program prescribed after cardiac events associated with improved
physical, mental, and social functioning; however, many patients return to a sedentary lifestyle leading to deteriorating functional
capacity after discharge from CR. Physical activity (PA) is critical to avoid recurrence of cardiac events and mortality and maintain
functional capacity. Leveraging mobile health (mHealth) strategies to increase adherence to PA is a promising approach. Based
on the social cognitive theory, we sought to determine whether mHealth strategies (Movn mobile app for self-monitoring,
supportive push-through messages, and wearable activity tracker) would improve PA and functional capacity over 2 months.

Objective: The objectives of this pilot randomized controlled trial were to examine preliminary effects of an mHealth intervention
on group differences in PA and functional capacity and group differences in depression and self-efficacy to maintain exercise
after CR.

Methods: During the final week of outpatient CR, patients were randomized 1:1 to the intervention group or usual care. The
intervention group downloaded the Movn mobile app, received supportive push-through messages on motivation and educational
messages related to cardiovascular disease (CVD) management 3 times per week, and wore a Charge 2 (Fitbit Inc) activity tracker
to track step counts. Participants in the usual care group wore a pedometer and recorded their daily steps in a diary. Data from
the 6-minute walk test (6MWT) and self-reported questionnaires were collected at baseline and 2 months.

Results: We recruited 60 patients from 2 CR sites at a community hospital in Northern California. The mean age was 68.0 (SD
9.3) years, and 23% (14/60) were female; retention rate was 85% (51/60). Our results from 51 patients who completed follow-up
showed the intervention group had a statistically significant higher mean daily step count compared with the control (8860 vs
6633; P=.02). There was no difference between groups for the 6MWT, depression, or self-efficacy to maintain exercise.

Conclusions: This intervention addresses a major public health initiative to examine the potential for mobile health strategies
to promote PA in patients with CVD. Our technology-based pilot mHealth intervention provides promising results on a pragmatic
and contemporary approach to promote PA by increasing daily step counts after completing CR.

Trial Registration: ClinicalTrials.gov NCT03446313; https://clinicaltrials.gov/ct2/show/NCT03446313
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Introduction

Background
Cardiovascular disease (CVD) is the leading cause of mortality,
affecting 43.7 million older adults aged 60 years and over [1].
After a cardiac event such as myocardial infarction, coronary
revascularization, or valve procedure, Class 1A national
performance measures recommend that patients be referred to
cardiac rehabilitation (CR) [2-4]. CR programs, which consist
of supervised exercise training, behavioral activation, and
psychosocial support [4,5], promote physical activity (PA) and
other health behaviors that reduce secondary events and
mortality [6]. Upon graduation from a typically 12-week CR
program, patients are encouraged to continue these same levels
of physical activity (PA) indefinitely [7]. However, numerous
studies have shown that most patients fail to maintain the
recommended levels of PA and instead return to a sedentary
lifestyle [8].

Maintaining PA after CR is particularly important in older adults
to gain and maintain the critical benefits of improved physical
function (balance, gait, strength, and endurance) [9]. PA
maintenance after CR is linked to reduced adverse geriatric
outcomes such as falls and mobility impairment [9], thereby
increasing susceptibility to adverse secondary cardiac events,
functional decline, and depression [5]. Compared with other
groups, older adults benefit from extended education on safety
of exercising independently and motivation to maintain PA.
Thus, more targeted interventions for older adults on promoting
PA maintenance after CR completion are clearly needed.

As smartphone ownership increases across age groups
worldwide [10], mobile technology has become more integrated
with health care, and use of mobile health (mHealth) apps has
become feasible for even the most novice users [11]. Health
apps can be effective adjuncts for the management of chronic
conditions [12] and have a positive impact on long-term

behavior change [13]. Therefore, we sought to determine
whether an mHealth intervention with a wearable activity
tracker, mobile app, and text messages could promote PA
maintenance after CR completion. The aims of the Mobile4Heart
pilot randomized controlled trial (RCT) were to examine
preliminary effects of an mHealth intervention on group
differences in PA (step counts) and functional capacity measured
by the 6-minute walk test (6MWT) and group differences in
depression and self-efficacy to maintain exercise after CR. We
hypothesized that the intervention group would have higher
levels of PA, greater functional capacity, less depression, and
higher self-efficacy compared with the control group after 2
months of using supportive technology to maintain PA.

Theoretical Framework
Behavior change in PA has been more successful with
theory-based interventions [14] such as social cognitive theory
(SCT) [15,16]. We applied the tenets of SCT to develop the
intervention components and explain the mechanism of behavior
change in PA maintenance after completing CR. SCT is one of
the most commonly used behavioral change theories in PA
research [17,18] and posits that human behavior is a triadic and
reciprocal interaction of one’s personal (cognitive and affective),
behavioral (actions and reactions), and environmental (social
and physical) factors [19]. Our intervention components include
the 3 major SCT constructs: (1) self-efficacy (one’s perception
of their ability to perform a particular behavior); (2)
self-regulation (ability to exert control over their behavior,
cognitions, and environment); and (3) social support (emotional,
instrumental, or informational help from a social network). SCT
represents a causal model in which self-efficacy affects human
behavior through other mediating processes such as mastery of
self-regulation and building social support [20-23]. In the
context of our intervention (Table 1), using the proposed
mHealth technology is closely related to SCT constructs as it
is proposed to build self-efficacy, self-regulation skills, and
perceived social support, thus leading to PA maintenance.

Table 1. Social cognitive theory components.

ControlmHealth interventionSocial cognitive theory construct

Paper-and-pencil diaryMobile app (Movn)Self-efficacy

PedometerFitbit Charge 2Self-regulation

2 telephone calls2 telephone calls plus tailored motivational text messagesSocial support

Methods

Ethical Approval
This study was approved by the institutional review boards at
the John Muir Medical Center (recruiting) and University of
California San Francisco (sponsoring).

Study Sample and Participants
Between February 2018 and January 2019, 109 patients at 3
community CR centers were screened for eligibility. A total of

60 participants were included and randomized (using
computer-based randomization) to the intervention group or
usual care (control) group (Figure 1). Participants were included
in the study if they were at least age 18 years, had a history of
CVD, owned a smartphone or tablet, and were within 2 weeks
of completing CR. Exclusion criteria included cognitive
impairment, lack of English proficiency or literacy, or unstable
clinical conditions (eg, unstable arrhythmias, uncontrolled
hypertension, active infection, second or third degree heart
block).
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Figure 1. Consolidated Standards of Reporting Trials screening and recruitment diagram.

Study Design and Intervention
We conducted a pilot RCT with 2 arms. The intervention group
received (1) a Charge 2 (Fitbit Inc) to record step counts, (2) a
Movn mobile app to record exercise, and (3) push-through
motivational PA prompts and educational messages related to
CVD management. Messages were sent from the study team
through the Movn app as a push notification 3 times per week
on random days between 9 AM and 6 PM to provide positive
feedback and additional motivation for PA. These 1- and 2-way
messages were based on the American Heart Association Simple
7 principles [24] and prompted participants to engage in PA,
keep healthy eating habits, or track their medication use.

Additionally, participants could use the Movn app to record
daily weight, blood pressure, heart rate, medication use, and
other exercise (eg, swimming, biking) not captured by the Fitbit
device. Every time they chose to record any of these other
measures, they were prompted to complete this information

through a push notification from the app. Finally, mHealth
participants had the ability to report any cardiovascular
symptoms through the Movn app. If the participant reported
shortness of breath or chest pain, a message prompted them
with a button to call 911. The study team triaged participant
entries once a day.

Participants in the control group were provided a basic
pedometer (Walking 3D, IceFox) and paper-and-pencil diary
to record daily step counts. They were asked to fasten the
pedometer around their waist or to place it in their pants pocket
during all waking hours.

All participants received a phone call (or text message if in the
intervention group) 3 days following enrollment to answer any
questions regarding the study and verify adherence to the
assigned regimen. After 1 month of participation, participants
received a follow-up phone call or text sent by the study staff.
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Procedures
Participants in the intervention group wore the Charge 2 on
their wrist during all waking hours. Fitbit devices use a 3-axis
accelerometer and translate movement into digital measurements
when attached to the body providing information about the
frequency, duration, intensity, and patterns of movement to
determine the number of steps taken, distance traveled, calories
burned, and sleep quality [25]. For the purpose of this study,
only the number of steps was collected.

Participants from the intervention group downloaded the Movn
rehab mobile app and Fitbit app to their smartphone, the latter
being used to wirelessly sync and view step counts. To protect
patients’ information, a generic email account and initials were
generated by the study staff to register the participants on both
Movn and Fitbit apps. The study team provided technical
support to participants as needed.

Outcome Measures and Data Collection
Two study staff met with all enrolled participants for the
baseline visit within 2 weeks of completing CR. A standardized
script was used as a checklist to ensure all components of
enrollment were covered. All participants provided written
informed consent before participation. Cognitive assessment
was conducted for each participant using the Mini-Cog test
[26-28]. Participants scoring positive for cognitive impairment
on the Mini-Cog test were considered a screen failure. Once
eligibility was determined, participants completed paper
questionnaires about sociodemographic characteristics, mobile
phone use, exercise self-efficacy, quality of life, self-reported
PA, and depression. Participants then completed the 6MWT. A
60-meter corridor in the CR building was designated in which
to perform the 6MWT. The wall was premarked with 30 meters
for the one length of the corridor and patients were asked to
walk back and forth as many times as possible over 6 minutes.
Two cones were placed at both ends of the long corridor.
Patients were allowed to take breaks if needed while the timer
kept going. Vital signs were collected just before and after the
test including blood pressure, heart rate, and oxygen saturation.
Upon completion of the baseline questionnaires and 6MWT,
patients were informed as to which study group they were
randomized.

Upon completion of the 2-month study period, participants
returned for a follow-up visit. At this visit, participants
completed the following questionnaires about exercise
self-efficacy, quality of life, self-reported PA, and depression.
All participants performed the 6MWT. For participants in the
control group, they also submitted their step diary. As
compensation for time spent in the study, participants in the
intervention group chose between keeping their Charge 2 or
receiving $100 in the form of gift cards. Participants in the
control group received $100 in gift cards.

This pilot study assessed the feasibility of supporting older
adults using an mHealth intervention through successes in
screening, recruitment, and retention. Acceptability was
measured using a satisfaction questionnaire. In addition, we
conducted individual interviews with 7 participants from the

intervention group to obtain additional feedback that will be
reported in a future publication.

The outcome of step counts was collected from the intervention
group using Fitabase [29]. Fitabase is a comprehensive data
management platform, stored in a cloud format, designed to
support all data collection from the Fitbit device [29]. Data were
automatically collected once the Fitbit activity trackers were
synced with the Fitbit app. For the control group, steps data
were collected from the diaries provided to the participants
during study enrollment.

To determine functional capacity, 6MWT data were collected
at baseline and 2-month follow-up for all participants [30-34].
Self-report data measuring psychosocial variables and PA were
collected at baseline and follow-up.

We assessed participants for change in depressive symptoms
and exercise self-efficacy from baseline to 2 months. The Patient
Health Questionnaire (PHQ)–9 is a self-report instrument for
depressive symptoms (Cronbach α=0.88); higher scores on the
PHQ-9 (range 0 to 27) correspond with greater depressive
symptom severity [35,36]. The Exercise Self-Efficacy Scale
(EXSE) was used to determine participant confidence in their
ability to exercise in the future; higher scores (range 0% to
100%) indicate higher self-confidence to exercise (Cronbach
α=0.92). We also examined these variables as covariates related
to PA and functional capacity.

Statistical Analysis
Descriptive statistics and outcomes are presented as means with
standard deviations for continuous variables (or medians and
interquartile ranges [IQR] if skewed) and proportions (%) for
categorical variables. P values for baseline tests were calculated
from 2-sample t tests (or Wilcox rank-sum test if skewed) or
chi-square tests.

We analyzed the primary outcome of step count difference
between the two groups over 60 days fitting linear mixed-effects
models with the step count for each day [37] in R version 3.6.0
(The R Foundation for Statistical Computing) [38]. For a more
precise estimate of the treatment effect, we used a stepwise
procedure to include potential covariates impacting the outcome
(age, gender, working status, college or higher education,
relationship status, depression, self-efficacy, and self-reported
PA), including only terms that were significant in the model.
The 2-sided significance level was established a priori at an
alpha of .05. We employed an intention-to-treat analysis
approach.

We tested the functional capacity outcome of the standardized
change score in 6MWT from baseline and 2 months also using
linear mixed models, with the same approach. The covariate
association of depression and self-efficacy for step count
difference and 6MWT were also considered to be secondary
questions of interest.

Since our analysis included a small amount of missing data for
the covariates (education missing on 8%, all other covariates
<4%), our analyses used multiple imputation by chained
equations, using 5 imputations [39]. Results differed very little
compared with complete case analysis.
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Results

Characteristics of Study Participants
Figure 1 displays the screening and recruitment results of 60
participants according to the CONSORT (Consolidated
Standards of Reporting Trials) guidelines. Table 2 outlines the
characteristics of our sample that included 51 participants for
the final analysis. The two groups did not differ significantly
at baseline on any of the sociodemographic characteristics.
Participants were aged 49 to 89 (mean 68.0) years. The majority

were male (46/60, 77%) and identified as white (45/60, 75%).
In addition, there were no group differences in self-reported
baseline PA (high defined as exercising 150 minutes or more
per week). Primary diagnoses for enrollment in CR included
ischemic heart disease (eg, percutaneous coronary intervention,
coronary artery bypass surgery, angina, and myocardial
infarction; 49/60 [82%]), valvular heart disease (eg, aortic valve
replacement, mitral valve replacement, etc, 6/60 [10%]), heart
failure (3/60, 5%), and structural heart disease (eg, myxoma,
aortic dissection, 2/60, 3%).

Table 2. Baseline sociodemographic data of enrolled participants (n=51).

P valueControl (n=25)Intervention (n=26)Characteristic

.9766.8 (8.7)66.7 (8.6)Age, mean (SD)

.795 (20)6 (23)Female, n (%)

.702 (8)1 (4)Hispanic or Latino, n (%)

.3722 (88)19 (73)White race, n (%)

.1919 (76)23 (88)Married, n (%)

.3313 (52)10 (38)Employed, n (%)

.9216 (64)18 (69)College graduate, n (%)

.5016 (57)20 (63)Physically active, n (%)

.532 (0, 3)1 (0, 3)PHQ-9a, median (IQR)b

.079.9 (8.4, 10)10 (9.9, 10)EXSEc, median (IQR)

.96429 (97)430 (112)6MWTd (meters), mean (SE)

Causes for enrollment in cardiac rehabilitation, n (%)

.1922 (88)19 (73)Ischemic heart diseases

.181 (4)4 (15)Heart failure

.581 (4)2 (8)Valvular heart disease

.981 (4)1 (4)Structural heart disease

aPHQ-9: Physical Health Questionnaire for depression.
bIQR: Interquartile range.
cEXSE: Exercise Self-Efficacy Scale.
d6MWT: 6-minute walk test.

Feasibility and Acceptability
We screened an average of 3 individuals per week and were
successful in recruiting 60 individuals over 11 months. We
enrolled 60 individuals; however, 9 withdrew or were lost to
follow-up (4 from the intervention group and 5 from the control
group), representing 15% (9/60) attrition. We also measured
overall acceptability by administering a satisfaction
questionnaire at the end of study with overall high satisfaction
scores for the Movn app and Fitbit device (4.5 and 4.86 out of
5, respectively) but lower scores for the push messages (3.14
out of 5).

Physical Activity Outcome: Mean Daily Step Counts
Over the 2-month period, the intervention group showed a
statistically significant higher mean daily step count compared
with the control group (8860 vs 6633, respectively; or a
covariate-adjusted difference of 2192 steps (95% CI 344 to 4040
steps, P=.02; Figure 2). This result was adjusted for age only,
as the other covariates (race, working status, college education,
depression, and exercise self-efficacy) were not significantly
different when included in both univariate and multivariate
linear models. The unadjusted difference in mean step counts
was similar (difference of 2223 steps, 95% CI 138 to 4308 steps,
P=.04). We also tested for any difference over time but found
no significant change over the 2-month period (β=3.7 steps per
day, 95% CI –3.1 to 10.6, P=.29).

JMIR Form Res 2021 | vol. 5 | iss. 4 | e20468 | p. 5https://formative.jmir.org/2021/4/e20468
(page number not for citation purposes)

Park et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Mean daily step counts over 60 days.

Functional Capacity Outcome
There were no statistically significant differences between the
groups at follow-up in the other outcome measures evaluated
(Figure 3). After 60 days of follow-up, mean 6MWT distance
increased by 61 meters in both intervention and control groups,
but there was no significant difference between the two groups

(0.4 meters, 95% CI 44.7 to 45.4 meters, P=.99). In this analysis,
we adjusted for age, gender, and college or higher education in
our final multivariate model. However, there was a main effect
of time (an increase of 138 steps from baseline to after 60 days
of follow-up (95% CI 77 to 199), or 2.3 steps per day, (95% CI
1.3 to 3.3), P=<.001), after adjusting for the same covariates.

Figure 3. Change in exercise capacity over 60 days.
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Depressive Symptoms and Exercise Self-Efficacy
Outcomes
Total scores for depressive symptoms and exercise self-efficacy
were examined from baseline to 2 months. We also examined

these variables as possible covariates related to the PA and
6MWT results. There was no significant association between
depressive symptoms and exercise self-efficacy with step counts
or distance walked in the 6MWT for either group in univariate
or multivariate analyses (Table 3).

Table 3. Association of depression (Physical Health Questionnaire for depression) and exercise self-efficacy (Exercise Self-Efficacy Scale) with step
count and 6-minute walk test.

P 6MWT
eβ6MWT

c,d (95% CI)P Steps
bβSteps

a (95% CI)ControlInterventionCovariate

.21116 (–60, 292).072390 (172, 4952)24.0 (85.7)27.0 (90.0)PHQ-9a,f, n (%)

.3050 (–43, 142).29–1051 (–2998, 895)14.0 (50.0)7.0 (25.9)EXSEb,g, n (%)

aScore <5 meaning no depressive symptoms.
bScore <10 meaning lower than maximum exercise self-efficacy.
c6MWT: 6-minute walk test.
dAdjusted for age and group assignment.
eAdjusted for age, group assignment, and baseline versus follow-up, gender, and education.
fPHQ-9: Physical Health Questionnaire for depression.
gEXSE: Exercise Self-Efficacy Scale.

Discussion

Principal Findings
Maintenance of exercise during the critical time period
immediately after discharge from CR has been shown to predict
future health behaviors and outcomes [24]. Our pilot study
provides a contribution to the literature by examining the
outcomes of an mHealth intervention that incorporates a mobile
phone app. The intervention included a mobile phone app to
deliver push-through messages and notifications plus an activity
tracker to maintain PA in a vulnerable, older patient population
who experienced an adverse cardiac event requiring CR. This
mHealth intervention that deployed multiple technologies was
deemed feasible with a high retention rate in both study groups
(85%) and attested to participants’ motivation to remain active
and apply the knowledge they learned during CR. Participants
also reported high satisfaction with the technology used in this
study, including reminders to walk at least 250 steps every hour
in times of inactivity.

Preliminary effects of the intervention were promising, with
higher average daily step counts for the intervention group over
2 months of follow-up than those assigned to a control condition
(pedometer + paper-and-pencil diary). Participants in the
intervention group walked, on average, 2192 more daily steps
than the control group. Our other outcomes of functional
capacity, self-reported depressive symptoms, and exercise
self-efficacy were not significantly different between groups.
However, this study highlights the potential benefits of using a
mobile app that was specifically designed for CR and a wearable
device to promote PA after CR discharge among adults with
CVD who had a mean age of 66.7 (SD 8.6) years in the
intervention group. These promising data suggest that patients
who participate in CR may benefit from the use of mobile
technology after CR discharge to maintain PA, which is strongly
associated with improved clinical outcomes such as less
morbidity and mortality [40].

For optimal health cardiovascular outcomes, the American Heart
Association and World Health Organization recommend 150
minutes of moderate-intensity aerobic PA per day for 5 days
per week [41], which is about 7000 to 8000 steps per day.
Studies suggest that 7500 steps per day are recommended for
secondary prevention in patients with coronary artery disease
to improve lipid profiles, muscle endurance, BMI, and waist
circumference [42,43]. Other studies show that compared with
<6000 steps per day, older adults with 8000 to 10,000 steps per
day (equivalent to 20 to 30 minutes per day at an intensity >3
metabolic equivalents) have improved cardiovascular and
musculoskeletal function [44]. Although this general
recommendation may be a good starting point to improve PA
for the target population in this study, the dose-response
relationship between PA and health status may not be sufficient
to reach optimal health status after a cardiac event or account
for those with conditions such as heart failure or arthritis that
may limit mobility. Moreover, there is no agreement between
experts about the exact number of steps needed per day for
tertiary prevention in older patients with CVD, and thus more
research is needed for this at-risk population [45,46].

Limitations
While this study showed promising PA outcomes for adults
after CR, there are important limitations to consider. First, the
accuracy of most commercially available activity tracking
devices is unclear although studies found high positive
correlation and agreement between Fitbit devices and the
Actigraph accelerometer as well as pedometers and the
Actigraph device [47-50]. Accuracy of step counts from most
PA devices is based on gait patterns collected from healthy
volunteers [51,52]. Second, this study used different activity
tracking devices for the intervention group (Fitbit wrist band)
and control group (waist-level or pocket pedometer). As the
primary intervention was a wearable activity tracker, providing
the control group with Fitbit devices would have imposed the
risk of diluting the intervention effect. Studies have shown that
positioning of the tracker on the body could alter the sensitivity
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of the device and subsequently influence the number of captured
steps [53,54]. Third, this pilot study included a small sample
size with a 2-month duration, not allowing for conclusive results
that are fully powered or long-term results on PA maintenance
after CR. Fourth, the final sample was lacking in racial and
gender diversity with a majority of white, male participants who
tend to have higher PA than other racial groups [55,56], which
limits the generalizability of this study results. Fifth, it is
possible the control group showed a change in behavior by
walking more steps than their baseline due to wearing a
pedometer that provided a form of feedback about their PA
[57,58]. Last, we proposed the chosen mHealth technology
(Movn app, Charge 2, text messages) supported the building of
theory-based constructs of self-efficacy and self-regulation from
SCT that would promote behavior change. However, we
acknowledge that the use of a pedometer may have supported
self-regulation, although we hypothesized to a lesser degree due
to the limited interaction with the pedometer as compared with
the Fitbit device.

Comparison With Prior Work
Previous studies have reported that participants who used
tracking tools to self-monitor PA reported significantly increased
long-term adherence to regular exercise, which translated into
better overall quality of life and reduction in risk factors [59-62].
Therefore, there have been several approaches to achieve this
level of self-monitoring. To date, there have been few RCTs
examining multiple technology-based interventions to sustain
PA after completing CR (eg, text messages, online classes, and
online social support groups) among the older adult population

[63]. Many of these interventions were not tailored to
participants’ individual goals and needs but instead involved
general messaging and feedback. Key factors associated with
successful interventions include personalized messages with
tailored advice, high engagement (2-way text messaging, higher
frequency of messages), and use of multiple modalities [64].
Interventions that do not included tailoring could lead to loss
of motivation and high attrition. PA interventions should focus
on active engagement of participants through tailored physical
fitness goals, tracking their performance [63,65,66], and 2-way
communication about their progress.

Conclusion
Participants of CR receive little to no support during the
transition from CR to community/home-based PA and need an
organized support mechanism to maintain PA [39]. This pilot
study showed an mHealth intervention using a wearable device
and mobile phone app can increase PA with daily step counts
in patients who complete CR. This intervention presented a
pragmatic and contemporary approach for adults to promote
PA after completing CR. This study provides support for a
full-scale RCT with a longer intervention and monitoring period
to assess trends in PA after CR as a result of applying mHealth
technology for self-monitoring after CR. Future research will
implement more tailored coaching for older adults. Our findings
provide evidence for using mHealth to enhance patient
self-management and demonstrate strong potential to promote
PA maintenance through education, recording goals, tracking
PA, and receiving tailored feedback.

Acknowledgments
The authors appreciate the support of the John Muir Medical Center Cardiac Conditioning staff for their assistance enrolling
study participants and continuous support. We are sincerely grateful to the individuals who participated in this study. LGP was
funded by a grant from the National Center for Advancing Translational Sciences of the National Institutes of Health
(KL2TR001870). The content is solely the responsibility of the authors and does not necessarily represent the official views of
the National Institutes of Health.

Conflicts of Interest
None declared.

Multimedia Appendix 1
CONSORT-EHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 291 KB-Multimedia Appendix 1]

References

1. Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, Chang AR, Cheng S, American Heart Association Council on
Epidemiology and Prevention Statistics Committee and Stroke Statistics Subcommittee. Heart disease and stroke
statistics—2018 update: a report from the American Heart Association. Circulation 2018 Mar 20;137(12):e67-e492. [doi:
10.1161/CIR.0000000000000558] [Medline: 29386200]

2. Tessler J, Bordoni B. Cardiac rehabilitation. In: StatPearls. Treasure Island: StatPearls Publishing; 2021.
3. Thomas RJ, Balady G, Banka G, Beckie TM, Chiu J, Gokak S, et al. 2018 ACC/AHA clinical performance and quality

measures for cardiac rehabilitation: a report of the American College of Cardiology/American Heart Association Task
Force on Performance Measures. J Am Coll Cardiol 2018 Apr 24;71(16):1814-1837. [doi: 10.1016/j.jacc.2018.01.004]
[Medline: 29606402]

4. 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

JMIR Form Res 2021 | vol. 5 | iss. 4 | e20468 | p. 8https://formative.jmir.org/2021/4/e20468
(page number not for citation purposes)

Park et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v5i4e20468_app1.pdf&filename=facb83554bce021155d77a6e3e767486.pdf
https://jmir.org/api/download?alt_name=formative_v5i4e20468_app1.pdf&filename=facb83554bce021155d77a6e3e767486.pdf
http://dx.doi.org/10.1161/CIR.0000000000000558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29386200&dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2018.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29606402&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


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]

5. Leon AS, Franklin BA, Costa F, Balady GJ, Berra KA, Stewart KJ, et al. Cardiac rehabilitation and secondary prevention
of coronary heart disease: an American Heart Association scientific statement from the Council on Clinical Cardiology
(Subcommittee on Exercise, Cardiac Rehabilitation, and Prevention) and the Council on Nutrition, Physical Activity, and
Metabolism (Subcommittee on Physical Activity), in collaboration with the American association of Cardiovascular and
Pulmonary Rehabilitation. Circulation 2005 Jan 25;111(3):369-376 [FREE Full text] [doi:
10.1161/01.CIR.0000151788.08740.5C] [Medline: 15668354]

6. 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]

7. Winzer EB, Woitek F, Linke A. Physical activity in the prevention and treatment of coronary artery disease. J Am Heart
Assoc 2018 Feb 08;7(4) [FREE Full text] [doi: 10.1161/JAHA.117.007725] [Medline: 29437600]

8. Ramadi A, Buijs DM, Threlfall TG, Aggarwal SG, Arena R, Rodgers WM, et al. Long-term physical activity behavior after
completion of traditional versus fast-track cardiac rehabilitation. J Cardiovasc Nurs 2016;31(6):E1-E7. [doi:
10.1097/JCN.0000000000000341] [Medline: 27111822]

9. Forman DE, Arena R, Boxer R, Dolansky MA, Eng JJ, Fleg JL, American Heart Association Council on Clinical Cardiology;
Council on Cardiovascular and Stroke Nursing; Council on Quality of Care and Outcomes Research; Stroke Council.
Prioritizing functional capacity as a principal end point for therapies oriented to older adults with cardiovascular disease:
a scientific statement for healthcare professionals from the American Heart Association. Circulation 2017 Apr
18;135(16):e894-e918 [FREE Full text] [doi: 10.1161/CIR.0000000000000483] [Medline: 28336790]

10. Mobile fact sheet. Washington: Pew Internet and American Life Project; 2019 Jun 12. URL: http://www.pewinternet.org/
fact-sheet/mobile/ [accessed 2019-08-01]

11. Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS. Impact of mHealth chronic disease management on treatment
adherence and patient outcomes: a systematic review. J Med Internet Res 2015;17(2):e52 [FREE Full text] [doi:
10.2196/jmir.3951] [Medline: 25803266]

12. Whitehead L, Seaton P. The effectiveness of self-management mobile phone and tablet apps in long-term condition
management: a systematic review. J Med Internet Res 2016;18(5):e97 [FREE Full text] [doi: 10.2196/jmir.4883] [Medline:
27185295]

13. Zhao J, Freeman B, Li M. Can mobile phone apps influence people's health behavior change? An evidence review. J Med
Internet Res 2016 Oct 31;18(11):e287 [FREE Full text] [doi: 10.2196/jmir.5692] [Medline: 27806926]

14. Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO, King AC, et al. Physical activity and public health in older
adults: recommendation from the American College of Sports Medicine and the American Heart Association. Med Sci
Sports Exerc 2007 Aug;39(8):1435-1445. [doi: 10.1249/mss.0b013e3180616aa2] [Medline: 17762378]

15. Bandura A. Social Foundations of Thought and Action: A Social Cognitive Theory. Englewood Cliffs: Prentice-Hall; 1986.
16. Bandura A. Self-efficacy: toward a unifying theory of behavioral change. Psychol Rev 1977 Mar;84(2):191-215. [doi:

10.1037//0033-295x.84.2.191] [Medline: 847061]
17. Young MD, Plotnikoff RC, Collins CE, Callister R, Morgan PJ. Social cognitive theory and physical activity: a systematic

review and meta-analysis. Obes Rev 2014 Dec;15(12):983-995. [doi: 10.1111/obr.12225] [Medline: 25428600]
18. Keller C, Fleury J, Gregor-Holt N, Thompson T. Predictive ability of social cognitive theory in exercise research: an

integrated literature review. Online J Knowl Synth Nurs 1999 Jan 05;6:2. [Medline: 12870090]
19. Schunk D, Usher E. Social cognitive theory and motivation. In: Ryan RM, editor. The Oxford Handbook of Human

Motivation. Oxford: Oxford University Press; 2012.
20. Bandura A. Self-Efficacy: The Exercise of Control. New York: Freeman; 1997.
21. Bandura A. Health promotion from the perspective of social cognitive theory. Psychol Health 1998 Jul;13(4):623-649. [doi:

10.1080/08870449808407422]
22. Bandura A. Health promotion by social cognitive means. Health Educ Behav 2004 Apr;31(2):143-164. [doi:

10.1177/1090198104263660] [Medline: 15090118]
23. Duncan TE, McAuley E. Social support and efficacy cognitions in exercise adherence: a latent growth curve analysis. J

Behav Med 1993 Apr;16(2):199-218. [doi: 10.1007/BF00844893] [Medline: 8315646]
24. Janssen V, De Gucht V, van Exel H, Maes S. A self-regulation lifestyle program for post-cardiac rehabilitation patients

has long-term effects on exercise adherence. J Behav Med 2014 Apr;37(2):308-321. [doi: 10.1007/s10865-012-9489-y]
[Medline: 23334387]

25. Fitbit Help: How does my Fitbit device calculate my daily activity?. 2019 Dec 05. URL: https://help.fitbit.com/articles/
en_US/Help_article/1141 [accessed 2019-08-21]

JMIR Form Res 2021 | vol. 5 | iss. 4 | e20468 | p. 9https://formative.jmir.org/2021/4/e20468
(page number not for citation purposes)

Park et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=15668354
http://dx.doi.org/10.1161/01.CIR.0000151788.08740.5C
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15668354&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
https://www.ahajournals.org/doi/10.1161/JAHA.117.007725?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1161/JAHA.117.007725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29437600&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0000000000000341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27111822&dopt=Abstract
http://europepmc.org/abstract/MED/28336790
http://dx.doi.org/10.1161/CIR.0000000000000483
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28336790&dopt=Abstract
http://www.pewinternet.org/fact-sheet/mobile/
http://www.pewinternet.org/fact-sheet/mobile/
http://www.jmir.org/2015/2/e52/
http://dx.doi.org/10.2196/jmir.3951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25803266&dopt=Abstract
http://www.jmir.org/2016/5/e97/
http://dx.doi.org/10.2196/jmir.4883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27185295&dopt=Abstract
http://www.jmir.org/2016/11/e287/
http://dx.doi.org/10.2196/jmir.5692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27806926&dopt=Abstract
http://dx.doi.org/10.1249/mss.0b013e3180616aa2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17762378&dopt=Abstract
http://dx.doi.org/10.1037//0033-295x.84.2.191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=847061&dopt=Abstract
http://dx.doi.org/10.1111/obr.12225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25428600&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12870090&dopt=Abstract
http://dx.doi.org/10.1080/08870449808407422
http://dx.doi.org/10.1177/1090198104263660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15090118&dopt=Abstract
http://dx.doi.org/10.1007/BF00844893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8315646&dopt=Abstract
http://dx.doi.org/10.1007/s10865-012-9489-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23334387&dopt=Abstract
https://help.fitbit.com/articles/en_US/Help_article/1141
https://help.fitbit.com/articles/en_US/Help_article/1141
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. Borson S, Scanlan J, Brush M, Vitaliano P, Dokmak A. The Mini-Cog: a cognitive 'vital signs' measure for dementia
screening in multi-lingual elderly. Int J Geriatr Psychiatry 2000 Nov;15(11):1021-1027. [doi:
10.1002/1099-1166(200011)15:11<1021::aid-gps234>3.0.co;2-6] [Medline: 11113982]

27. Borson S, Scanlan JM, Chen P, Ganguli M. The Mini-Cog as a screen for dementia: validation in a population-based sample.
J Am Geriatr Soc 2003 Oct;51(10):1451-1454. [doi: 10.1046/j.1532-5415.2003.51465.x] [Medline: 14511167]

28. Tam E, Gandesbery BT, Young L, Borson S, Gorodeski EZ. Graphical instructions for administration and scoring the
Mini-Cog: results of a randomized clinical trial. J Am Geriatr Soc 2018 May;66(5):987-991. [doi: 10.1111/jgs.15313]
[Medline: 29473942]

29. Fitabase: how it works. URL: https://www.fitabase.com/how-it-works/ [accessed 2019-08-20]
30. ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. ATS statement: guidelines for

the six-minute walk test. Am J Respir Crit Care Med 2002 Jul 1;166(1):111-117. [doi: 10.1164/ajrccm.166.1.at1102]
[Medline: 12091180]

31. Du H, Newton PJ, Salamonson Y, Carrieri-Kohlman VL, Davidson PM. A review of the six-minute walk test: its implication
as a self-administered assessment tool. Eur J Cardiovasc Nurs 2009 Mar;8(1):2-8 [FREE Full text] [doi:
10.1016/j.ejcnurse.2008.07.001] [Medline: 18694656]

32. Rostagno C, Gensini GF. Six minute walk test: a simple and useful test to evaluate functional capacity in patients with heart
failure. Intern Emerg Med 2008 Sep;3(3):205-212. [doi: 10.1007/s11739-008-0130-6] [Medline: 18299800]

33. Du H, Wonggom P, Tongpeth J, Clark RA. Six-minute walk test for assessing physical functional capacity in chronic heart
failure. Curr Heart Fail Rep 2017 Jun;14(3):158-166. [doi: 10.1007/s11897-017-0330-3] [Medline: 28421409]

34. Peixoto TCA, Begot I, Bolzan DW, Machado L, Reis MS, Papa V, et al. Early exercise-based rehabilitation improves
health-related quality of life and functional capacity after acute myocardial infarction: a randomized controlled trial. Can
J Cardiol 2015 Mar;31(3):308-313. [doi: 10.1016/j.cjca.2014.11.014] [Medline: 25633911]

35. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med 2001
Sep;16(9):606-613 [FREE Full text] [doi: 10.1046/j.1525-1497.2001.016009606.x] [Medline: 11556941]

36. Spitzer RL, Kroenke K, Williams JB. Validation and utility of a self-report version of PRIME-MD: the PHQ primary care
study. JAMA 1999 Nov 10;282(18):1737-1744. [doi: 10.1001/jama.282.18.1737] [Medline: 10568646]

37. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models using lme4. J Stat Softw 2015;67(1):48. [doi:
10.18637/jss.v067.i01]

38. R: a language and environment for statistical computing. URL: https://www.R-project.org/ [accessed 2019-08-21]
39. Buuren SV, Groothuis-Oudshoorn K. mice: Multivariate imputation by chained equations in R. J Stat Softw 2011 Dec

12;45(3):67. [doi: 10.18637/jss.v045.i03]
40. Giannuzzi P, Temporelli PL, Marchioli R, Maggioni AP, Balestroni G, Ceci V, GOSPEL Investigators. Global secondary

prevention strategies to limit event recurrence after myocardial infarction: results of the GOSPEL study, a multicenter,
randomized controlled trial from the Italian Cardiac Rehabilitation Network. Arch Intern Med 2008 Nov
10;168(20):2194-2204. [doi: 10.1001/archinte.168.20.2194] [Medline: 19001195]

41. Global recommendations on physical activity for health. Geneva: World Health Organization; 2010. URL: https://www.
who.int/dietphysicalactivity/global-PA-recs-2010.pdf [accessed 2019-09-26]

42. Bäck M, Cider A, Gillström J, Herlitz J. Physical activity in relation to cardiac risk markers in secondary prevention of
coronary artery disease. Int J Cardiol 2013 Sep 20;168(1):478-483. [doi: 10.1016/j.ijcard.2012.09.117] [Medline: 23041099]

43. Houle J, Valera B, Gaudet-Savard T, Auclair A, Poirier P. Daily steps threshold to improve cardiovascular disease risk
factors during the year after an acute coronary syndrome. J Cardiopulm Rehabil Prev 2013;33(6):406-410. [doi:
10.1097/HCR.0000000000000021] [Medline: 24104407]

44. Aoyagi Y, Park H, Park S, Shephard RJ. Habitual physical activity and health-related quality of life in older adults:
interactions between the amount and intensity of activity (the Nakanojo Study). Qual Life Res 2010 Apr;19(3):333-338.
[doi: 10.1007/s11136-010-9588-6] [Medline: 20084463]

45. Savage PD, Ades PA. Pedometer step counts predict cardiac risk factors at entry to cardiac rehabilitation. J Cardiopulm
Rehabil Prev 2008;28(6):370-377. [doi: 10.1097/HCR.0b013e31818c3b6d] [Medline: 19008690]

46. Takahashi T, Kumamaru M, Jenkins S, Saitoh M, Morisawa T, Matsuda H. In-patient step count predicts re-hospitalization
after cardiac surgery. J Cardiol 2015 Oct;66(4):286-291 [FREE Full text] [doi: 10.1016/j.jjcc.2015.01.006] [Medline:
25728798]

47. Lee JA, Williams SM, Brown DD, Laurson KR. Concurrent validation of the Actigraph gt3x+, Polar Active accelerometer,
Omron HJ-720 and Yamax Digiwalker SW-701 pedometer step counts in lab-based and free-living settings. J Sports Sci
2015;33(10):991-1000. [doi: 10.1080/02640414.2014.981848] [Medline: 25517396]

48. Coffman MJ, Reeve CL, Butler S, Keeling M, Talbot LA. Accuracy of the Yamax CW-701 pedometer for measuring steps
in controlled and free-living conditions. Digit Health 2016;2:2055207616652526 [FREE Full text] [doi:
10.1177/2055207616652526] [Medline: 29942555]

49. Tedesco S, Sica M, Ancillao A, Timmons S, Barton J, O'Flynn B. Validity evaluation of the Fitbit Charge 2 and the Garmin
vivosmart HR+ in free-living environments in an older adult cohort. JMIR Mhealth Uhealth 2019 Jun 19;7(6):e13084
[FREE Full text] [doi: 10.2196/13084] [Medline: 31219048]

JMIR Form Res 2021 | vol. 5 | iss. 4 | e20468 | p. 10https://formative.jmir.org/2021/4/e20468
(page number not for citation purposes)

Park et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1002/1099-1166(200011)15:11<1021::aid-gps234>3.0.co;2-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11113982&dopt=Abstract
http://dx.doi.org/10.1046/j.1532-5415.2003.51465.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14511167&dopt=Abstract
http://dx.doi.org/10.1111/jgs.15313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29473942&dopt=Abstract
https://www.fitabase.com/how-it-works/
http://dx.doi.org/10.1164/ajrccm.166.1.at1102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12091180&dopt=Abstract
https://academic.oup.com/eurjcn/article-lookup/doi/10.1016/j.ejcnurse.2008.07.001
http://dx.doi.org/10.1016/j.ejcnurse.2008.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18694656&dopt=Abstract
http://dx.doi.org/10.1007/s11739-008-0130-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18299800&dopt=Abstract
http://dx.doi.org/10.1007/s11897-017-0330-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28421409&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2014.11.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25633911&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0884-8734&date=2001&volume=16&issue=9&spage=606
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11556941&dopt=Abstract
http://dx.doi.org/10.1001/jama.282.18.1737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10568646&dopt=Abstract
http://dx.doi.org/10.18637/jss.v067.i01
https://www.R-project.org/
http://dx.doi.org/10.18637/jss.v045.i03
http://dx.doi.org/10.1001/archinte.168.20.2194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19001195&dopt=Abstract
https://www.who.int/dietphysicalactivity/global-PA-recs-2010.pdf
https://www.who.int/dietphysicalactivity/global-PA-recs-2010.pdf
http://dx.doi.org/10.1016/j.ijcard.2012.09.117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23041099&dopt=Abstract
http://dx.doi.org/10.1097/HCR.0000000000000021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24104407&dopt=Abstract
http://dx.doi.org/10.1007/s11136-010-9588-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20084463&dopt=Abstract
http://dx.doi.org/10.1097/HCR.0b013e31818c3b6d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19008690&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0914-5087(15)00019-2
http://dx.doi.org/10.1016/j.jjcc.2015.01.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25728798&dopt=Abstract
http://dx.doi.org/10.1080/02640414.2014.981848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25517396&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207616652526?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2055207616652526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29942555&dopt=Abstract
https://mhealth.jmir.org/2019/6/e13084/
http://dx.doi.org/10.2196/13084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31219048&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


50. Chu AHY, Ng SHX, Paknezhad M, Gauterin A, Koh D, Brown MS, et al. Comparison of wrist-worn Fitbit Flex and
waist-worn ActiGraph for measuring steps in free-living adults. PLoS One 2017;12(2):e0172535 [FREE Full text] [doi:
10.1371/journal.pone.0172535] [Medline: 28234953]

51. Leth S, Hansen J, Nielsen OW, Dinesen B. Evaluation of commercial self-monitoring devices for clinical purposes: results
from the future patient trial, phase I. Sensors (Basel) 2017 Jan 22;17(1) [FREE Full text] [doi: 10.3390/s17010211] [Medline:
28117736]

52. Fokkema T, Kooiman TJM, Krijnen WP. Reliability and validity of ten consumer activity trackers depend on walking
speed. Med Sci Sports Exerc 2017 Apr;49(4):793-800. [doi: 10.1249/MSS.0000000000001146] [Medline: 28319983]

53. Ehrler F, Weber C, Lovis C. Influence of pedometer position on pedometer accuracy at various walking speeds: a comparative
study. J Med Internet Res 2016 Oct 06;18(10):e268 [FREE Full text] [doi: 10.2196/jmir.5916] [Medline: 27713114]

54. Ehrler F, Weber C, Lovis C. Positioning commercial pedometers to measure activity of older adults with slow gait: at the
wrist or at the waist? Stud Health Technol Inform 2016;221:18-22. [Medline: 27071868]

55. Saffer H, Dave D, Grossman M, Leung LA. Racial, ethnic, and gender differences in physical activity. J Hum Cap
2013;7(4):378-410 [FREE Full text] [doi: 10.1086/671200] [Medline: 25632311]

56. August KJ, Sorkin DH. Racial/ethnic disparities in exercise and dietary behaviors of middle-aged and older adults. J Gen
Intern Med 2011 Mar;26(3):245-250 [FREE Full text] [doi: 10.1007/s11606-010-1514-7] [Medline: 20865342]

57. Chen LF, Vander Weg MW, Hofmann DA, Reisinger HS. The Hawthorne effect in infection prevention and epidemiology.
Infect Control Hosp Epidemiol 2015 Dec;36(12):1444-1450. [doi: 10.1017/ice.2015.216] [Medline: 26383964]

58. Sedgwick P, Greenwood N. Understanding the Hawthorne effect. BMJ 2015 Sep 04;351:h4672. [doi: 10.1136/bmj.h4672]
[Medline: 26341898]

59. Arrigo I, Brunner-LaRocca H, Lefkovits M, Pfisterer M, Hoffmann A. Comparative outcome one year after formal cardiac
rehabilitation: the effects of a randomized intervention to improve exercise adherence. Eur J Cardiovasc Prev Rehabil 2008
Jun;15(3):306-311. [doi: 10.1097/HJR.0b013e3282f40e01] [Medline: 18525385]

60. Sniehotta FF, Scholz U, Schwarzer R, Fuhrmann B, Kiwus U, Völler H. Long-term effects of two psychological interventions
on physical exercise and self-regulation following coronary rehabilitation. Int J Behav Med 2005;12(4):244-255. [doi:
10.1207/s15327558ijbm1204_5] [Medline: 16262543]

61. Aliabad HO, Vafaeinasab M, Morowatisharifabad MA, Afshani SA, Firoozabadi MG, Forouzannia SK. Maintenance of
physical activity and exercise capacity after rehabilitation in coronary heart disease: a randomized controlled trial. Glob J
Health Sci 2014 Jul 29;6(6):198-208 [FREE Full text] [doi: 10.5539/gjhs.v6n6p198] [Medline: 25363124]

62. Moore SM, Charvat JM, Gordon NH, Pashkow F, Ribisl P, Roberts BL, et al. Effects of a CHANGE intervention to increase
exercise maintenance following cardiac events. Ann Behav Med 2006 Feb;31(1):53-62. [doi: 10.1207/s15324796abm3101_9]
[Medline: 16472039]

63. Butler L, Furber S, Phongsavan P, Mark A, Bauman A. Effects of a pedometer-based intervention on physical activity
levels after cardiac rehabilitation: a randomized controlled trial. J Cardiopulm Rehabil Prev 2009;29(2):105-114. [doi:
10.1097/HCR.0b013e31819a01ff] [Medline: 19305235]

64. Park LG, Beatty A, Stafford Z, Whooley MA. Mobile phone interventions for the secondary prevention of cardiovascular
disease. Prog Cardiovasc Dis 2016;58(6):639-650. [doi: 10.1016/j.pcad.2016.03.002] [Medline: 27001245]

65. Pinto BM, Goldstein MG, Papandonatos GD, Farrell N, Tilkemeier P, Marcus BH, et al. Maintenance of exercise after
phase II cardiac rehabilitation: a randomized controlled trial. Am J Prev Med 2011 Sep;41(3):274-283 [FREE Full text]
[doi: 10.1016/j.amepre.2011.04.015] [Medline: 21855741]

66. Millen JA, Bray SR. Promoting self-efficacy and outcome expectations to enable adherence to resistance training after
cardiac rehabilitation. J Cardiovasc Nurs 2009;24(4):316-327. [doi: 10.1097/JCN.0b013e3181a0d256] [Medline: 21206354]

Abbreviations
6MWT: 6 minute walk test
CONSORT: Consolidated Standards of Reporting Trials
CR: cardiac rehabilitation
CVD: cardiovascular disease
EXSE: Exercise Self-Efficacy Scale
IQR: interquartile range
mHealth: mobile health
PA: physical activity
PHQ-9: Patient Health Questionnaire
RCT: randomized controlled trial
SCT: social cognitive theory

JMIR Form Res 2021 | vol. 5 | iss. 4 | e20468 | p. 11https://formative.jmir.org/2021/4/e20468
(page number not for citation purposes)

Park et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.plos.org/10.1371/journal.pone.0172535
http://dx.doi.org/10.1371/journal.pone.0172535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28234953&dopt=Abstract
http://www.mdpi.com/resolver?pii=s17010211
http://dx.doi.org/10.3390/s17010211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28117736&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000001146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28319983&dopt=Abstract
http://www.jmir.org/2016/10/e268/
http://dx.doi.org/10.2196/jmir.5916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27713114&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27071868&dopt=Abstract
http://europepmc.org/abstract/MED/25632311
http://dx.doi.org/10.1086/671200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25632311&dopt=Abstract
http://europepmc.org/abstract/MED/20865342
http://dx.doi.org/10.1007/s11606-010-1514-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20865342&dopt=Abstract
http://dx.doi.org/10.1017/ice.2015.216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26383964&dopt=Abstract
http://dx.doi.org/10.1136/bmj.h4672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26341898&dopt=Abstract
http://dx.doi.org/10.1097/HJR.0b013e3282f40e01
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18525385&dopt=Abstract
http://dx.doi.org/10.1207/s15327558ijbm1204_5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16262543&dopt=Abstract
https://doi.org/10.5539/gjhs.v6n6p198
http://dx.doi.org/10.5539/gjhs.v6n6p198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25363124&dopt=Abstract
http://dx.doi.org/10.1207/s15324796abm3101_9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16472039&dopt=Abstract
http://dx.doi.org/10.1097/HCR.0b013e31819a01ff
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19305235&dopt=Abstract
http://dx.doi.org/10.1016/j.pcad.2016.03.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27001245&dopt=Abstract
http://europepmc.org/abstract/MED/21855741
http://dx.doi.org/10.1016/j.amepre.2011.04.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21855741&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0b013e3181a0d256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21206354&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 19.05.20; peer-reviewed by C Jurgens, T Svensson, BB Nilsson; comments to author 20.06.20;
revised version received 14.08.20; accepted 12.03.21; published 16.04.21

Please cite as:
Park LG, Elnaggar A, Lee SJ, Merek S, Hoffmann TJ, Von Oppenfeld J, Ignacio N, Whooley MA
Mobile Health Intervention Promoting Physical Activity in Adults Post Cardiac Rehabilitation: Pilot Randomized Controlled Trial
JMIR Form Res 2021;5(4):e20468
URL: https://formative.jmir.org/2021/4/e20468
doi: 10.2196/20468
PMID:

©Linda G Park, Abdelaziz Elnaggar, Sei J Lee, Stephanie Merek, Thomas J Hoffmann, Julia Von Oppenfeld, Nerissa Ignacio,
Mary A Whooley. Originally published in JMIR Formative Research (http://formative.jmir.org), 16.04.2021. 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
Formative Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2021 | vol. 5 | iss. 4 | e20468 | p. 12https://formative.jmir.org/2021/4/e20468
(page number not for citation purposes)

Park et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://formative.jmir.org/2021/4/e20468
http://dx.doi.org/10.2196/20468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

