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Abstract

Background: Cardiac rehabilitation (CR) is underused in the United States and globally, with participation disparities across
gender, socioeconomic status, race, and ethnicities. The pandemic led to greater adoption of telehealth CR and mobile app use.

Objective: Our primary objective was to estimate the association between CR mobile app use and change in functional capacity
from enrollment to completion in patients participating in a CR program that offered in-person, hybrid, and telehealth CR. Our
secondary objectives were to study the association between mobile app use and changes in blood pressure (BP) or program
completion.

Methods: We conducted a retrospective cohort study of participants enrolled in CR at an urban CR program in the United
States. Participants were English speaking, at least 18 years of age, participated in the program between May 22, 2020, and May
21, 2022, and downloaded the CR mobile app. Mobile app use was quantified by number of exercise logs, vitals logs, and education
material views. The primary outcome was change in functional capacity, measured by change in 6-minute walk distance (6MWD)
from enrollment to completion. The secondary outcome was change in BP from enrollment to completion. We estimated associations
using multivariable linear or logistic regression models adjusted for age, sex, race, ethnicity, socioeconomic status by ZIP code,
insurance, and primary diagnosis for CR referral.

Results: A total of 107 participants (mean age 62.9, SD 13.02 years; 90/107, 84.1% male; and 57/105, 53.3% self-declared as
White Caucasian) used the mobile app and completed the CR program. Participants had a mean 64.0 (SD 54.1) meter increase
in 6MWD between enrollment and completion (P<.001). From enrollment to completion, participants with an elevated BP at
baseline (≥130/80 mmHg) experienced a significant decrease in BP (systolic BP –11.5 mmHg; P=.002 and diastolic BP –7.7
mmHg; P=.003). We found no significant association between total app interactions and change in 6MWD (coefficient –0.03,
95% CI –0.1 to 0.07; P=.59) or change in BP (systolic coefficient 0.002, 95% CI –0.03 to 0.03; P=.87 and diastolic coefficient
–0.005, 95% CI –0.03 to 0.02; P=.65). There was no significant association between total exercise logs and change in 6MWD
(coefficient 0.1, 95% CI –0.3 to 0.4; P=.57) or total BP logs and change in BP (systolic coefficient –0.02, 95% CI –0.1 to 0.06;
P=.63 and diastolic coefficient –0.02, 95% CI –0.09 to 0.04; P=.50). There was no significant association between total app
interactions and completion of CR (adjusted odds ratio 1.00, 95% CI 0.99-1.01; P=.44).

Conclusions: CR mobile app use as part of an in-person, hybrid, or telehealth CR program was not associated with greater
improvement in functional capacity or BP or with program completion.

(JMIR Cardio 2023;7:e44433) doi: 10.2196/44433
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Introduction

Cardiovascular disease remains the leading cause of death
globally and in the United States for men, women, and most
racial and ethnic groups [1,2]. The United States spent US
$320.1 billion in cardiovascular-related costs in 2016, with an
overall increase in spending driven mostly by inpatient and
ambulatory care [3,4]. Cardiac rehabilitation (CR) is a
multidisciplinary exercise training customized to help patients
with heart disease to recover, improve, and prevent future
cardiac events [5-7]. Exercise-based CR studies have shown
reductions in mortality and hospital admissions as well as
improvement in quality of life [5-7]. However, CR is highly
underused around the globe [7-9]. Globally, uptake of eligible
patients ranges from 10% to 60%, with an uptake of 24% in the
United States [7,10-14]. With barriers such as transportation,
cost, and participation disparities across sex, gender,
socioeconomic status (SES), race, and ethnicity, new delivery
strategies are needed to increase accessibility and participation
in CR [7,8,13,15].

The role of digital devices has significantly increased with the
increasing trend of digitalization [16-18]. As mobile phone use
increases, advancement in mobile technology and its application
have the potential to transform health care delivery and support
vulnerable populations [18-20]. Mobile health apps can organize
and present relevant information and facilitate clinician-patient
communication [16,21]. Prior studies have shown the potential
of mobile health apps in transforming CR, showing that it is
feasible to use mobile health apps to help deliver CR. [22-24].
With the COVID-19 pandemic, programs began to implement
telehealth and hybrid approaches to delivering care, including
the use of mobile apps [25,26]. However, it is unclear whether
the extent of engagement with mobile apps is associated with
important CR outcomes, such as functional capacity or blood
pressure (BP).

The primary objective of this study was to estimate the
association between CR mobile app use—measured by total
app interactions—and change in functional capacity—measured
by change in 6-minute walk distance (6MWD)—between
enrollment and completion. We hypothesized that among

patients using a CR mobile app, greater mobile app use would
be associated with greater change in 6MWD. Secondary
objectives included studying the association between total app
interactions and changes in BP, physical activity logs and change
in 6MWD, frequency of BP logs and change in BP, as well as
the association between total app interactions and completion
of CR. The study has the potential to quantify the impact of a
mobile app on clinical outcomes in CR programs.

Methods

Design and Participants
We conducted a retrospective cohort study of adult participants
enrolled in CR at University of California, San Francisco
(UCSF) CR from May 22, 2020 (when use of the mobile app
began) until May 21, 2022. For the primary study analysis, we
included all participants aged ≥18 years who were enrolled in
CR and downloaded the mobile app. Since the mobile app was
only available in English, the study only included
English-speaking participants. For the primary outcome analysis,
we included only participants with 6MWD measurements at
both enrollment and completion. For participants who enrolled
in CR multiple times during this period (n=16), we analyzed
the first episode of participation in CR.

CR Program and Mobile App
Participants enrolled in CR at UCSF can participate in in-person,
telehealth, or hybrid CR [26]. Use of a mobile app (Chanl
Health; Figure 1) is offered to all CR patients in all modes of
participation but is optional. The mobile app allows patients to
log exercise activities and vitals, view educational materials,
set medication reminders, and message CR staff. CR staff
include doctors, nurses, exercise physiologists, pharmacists, a
nutritionist, and a mental health provider. Concomitantly, CR
staff can view patient logs and activities. Eligible patients were
informed of the mobile app and taught how to use the app by a
CR staff member using task-based training on entering vital
signs, entering an exercise session, viewing an education
module, messaging with providers, and setting up medication
reminders (if desired). There was no cost to the patient
associated with using the app.
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Figure 1. Screenshots of a mobile app used by patients in a retrospective cohort study of cardiac rehabilitation patients at University of California, San
Francisco from May 22, 2020, to May 21, 2022. Features of the mobile app include (A) exercise log, (B) blood pressure log, and (C) chat with staff.

Mobile App Use
Patient app interaction was retrieved from mobile app use logs.
Patient app interactions included exercise logs, vital sign logs
(eg, BP, weight, blood glucose, and oxygen saturation),
education material views, and chat with providers. Data were
manually entered into the app by patients. Total app interaction
was measured as the sum of total exercise logs, vital sign logs,
and education material views. For analysis of BP measurements
recorded in the app, when multiple measurements were present
with the same date and time, BP values were averaged.

Outcomes
The primary outcome was change in functional capacity between
enrollment and completion of the CR program, measured by
change in 6MWD. At enrollment and completion, participants
completed a 6-minute walk test on a standard course at the
UCSF CR center [27]. The secondary outcome was change in
BP between enrollment and completion of the CR program. At
enrollment and completion, systolic and diastolic BP were
measured with a standard BP cuff at the UCSF CR center.
Measurements of 6MWD and BP were recorded by CR staff in
CR Quality Improvement data and entered into the electronic
health records, which served as the data sources for outcome
measurements.

Other Measurements
Participant characteristics were obtained from structured
electronic health record data, including age, sex assigned at
birth, race, ethnicity, insurance, SES by zip code, and primary
reason for CR referral. Sex assigned at birth was used since it
was the only available data. Insurance was categorized as either
private or public (eg, Medicare, Medicaid, and other city- or

state-sponsored health plans). SES by zip code was established
using the UCSF Health Atlas, where zip codes across California
are rated between 1 (lowest quintile) to 5 (highest quintile) of
socioeconomic advantage [28]. The UCSF Health Atlas uses
neighborhood data system from a census tract-level data
accounting for 7 factors (eg, percentage of people aged ≥25
years with college, high school, or less than high school
education level; percentage of people with blue-collar jobs;
percentage of people aged ≥16 years in the workforce, but
without a job; and percentage of people below 200% of the
federal poverty level, median household income, and median
rent) [28]. The primary diagnosis associated with the CR referral
was used as the primary reason for referral, categorized as
coronary artery disease, valvular disease, heart failure, or other
diseases. If a coded referral diagnosis was not present, reason
from referral was determined from chart review of the patient’s
individualized treatment plan for CR.

Clinical CR measurements at enrollment and completion were
obtained from CR Quality Improvement data, including BMI,
waist-to-hip ratio, General Anxiety Disorder (GAD)-7, and
Patient Health Questionnaire (PHQ)-9. BMI was calculated
through weight and height recorded in the health electronic
record, and waist-to-hip ratio were measured in person by CR
staff using standardized methods. PHQ-9 was scored 0-27, with
higher scores representing more severe depressive symptoms;
GAD-7 was scored 0-21, with higher scores representing more
severe anxiety symptoms. Laboratory test values were obtained
from structured electronic health record data, including
hemoglobin A1c, total cholesterol, low-density lipoprotein,
high-density lipoprotein, and triglycerides. Enrollment
laboratory values were defined as the measurements prior to
the participant’s first day in the CR program. Completion
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laboratory values were defined as a recorded measurement 3 to
6 months after enrollment.

Statistical Analysis
We included all patients within the study period who fit our
inclusion criteria; therefore, sample size was not calculated a
priori. Patient characteristics, app interactions, and clinical test
results were summarized using descriptive statistics, mean (SD)
for normally distributed characteristics, and median (IQR) for
nonnormally distributed characteristics. Changes in clinical
characteristics were calculated by subtracting enrollment values
from completion values and compared using a paired t test
(2-tailed). Linear regression was used to evaluate the association
between change in 6MWD and total app interactions, change
in 6MWD and total exercise logs, change in BP and total app
interactions, and change in BP and total BP logs. We also
examined, among all people enrolled in CR who downloaded
the app, whether total app interactions were associated with
completion of CR using logistic regression. Regression models
were adjusted for confounders including age, sex assigned at
birth, race, ethnicity, SES by zip code, insurance, and primary
diagnosis. Significance was considered P<.05. With our sample
size, we would have >70% power to detect a difference of 25
meters (the minimum clinically important difference) per 100
app uses [29]. All statistical analyses were performed using
Stata (version 17.0; StataCorp).

Ethics Approval
This study was approved by the UCSF Institutional Review
Board (21-33754), who waived the requirement of informed
consent for this retrospective study. All identifiable data were
stored on secure cloud servers. From identifiable raw data,
deidentified data sets were created for analysis. There was no
compensation to patients.

Results

Between May 22, 2020, and May 21, 2022, a total of 107 adult
English-speaking patients enrolled and completed the UCSF
CR program and downloaded the CR mobile app. Mean
participant age was 62.9 (SD 13.02) years, with 90/107 (84.1%)
participants having male sex assigned at birth, 57/105 (53.3%)
self-declared as White Caucasian, 96/105 (91.4%) self-declared
as non-Hispanic, 75/107 (70.1%) with private insurance, and
62/106 (58.5%) categorized as the highest quintile of SES by

zip code (Table 1) . The leading primary reason for CR referral
was coronary artery disease with 76/107 (71.0%) participants.

Participants had a mean 64.0 (SD 54.1; P<.001) meter increase
in 6MWD between enrollment and completion (Table 2). Among
all participants, there was not a significant change in systolic
BP or diastolic BP from enrollment to completion. However,
participants with an elevated BP at baseline (³130/80 mmHg)
experienced a significant decrease in BP from enrollment to
completion (Table 2).

Participants had a median of 92 (IQR 20-200) total app
interactions, a median of 19 (IQR 1-57) exercise logs, and a
median of 26 (IQR 4-67) BP logs. Of 107 participants, 17
(15.9%) had no exercise logs, 4 (3.7%) had no app interactions
(only downloaded the app), and 8 (7.5%) had no BP logs.
Logged BPs were stable over time among all participants but
demonstrated a decrease over time among participants with
initially elevated BP (n=26; Figure 2).

Evaluating the association between total app interactions and
change in 6MWD with a linear regression model adjusted for
age, sex, race, ethnicity, SES by zip code, insurance, and
primary diagnosis revealed no significant association (Table 3).
There was no association between total exercise logs and change
in 6MWD. Similarly, we did not observe associations between
total app interactions or total BP logs and change in BP (Table
3).

We conducted a sensitivity analysis examining the adjusted
association between chat messages and change in functional
capacity, finding no association (coefficient 0.48, 95% CI –0.84
to 1.80; P=.47). Adding chat messages to total app interactions
did not meaningfully change the adjusted association between
total app interactions and functional capacity (coefficient –0.04,
95% CI –0.1 to 0.06; P=.43). Representing total app interactions
as quartiles of use also demonstrated no association between
quartile of app interactions and functional capacity.

Analyzing the data of 149 patients, who were ≥18 years of age,
enrolled in the CR program between May 22, 2020, and
February 21, 2022 (since program completion of patients has
an average of 4 months), and downloaded the mobile app, we
found no significant association between total app interactions
and program completion (odds ratio 1.00; 95% CI 0.99-1.00;
P=.10), even after adjustment for age, sex, race, ethnicity, SES
by zip code, insurance, and primary diagnosis (odds ratio 1.00;
95% CI 0.99-1.01; P=.44).
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Table 1. Characteristics of patients using a mobile app in a retrospective cohort study of patients in cardiac rehabilitation at University of California,
San Francisco from May 22, 2020, to May 21, 2022.

ValuesCharacteristics

62.9 (13.02)Age in years (n=107), mean (SD)

Sex at birth (n=107), n (%)

90 (84.1)Male

17 (15.9)Female

Race (n=105), n (%)

2 (1.9)African American

29 (27.6)Asian

1 (1)Pacific Islander

57 (53.3)White Caucasian

4 (3.7)Multirace

12 (11.4)Others

Ethnicity (n=105), n (%)

9 (8.6)Hispanic

96 (91.4)Non-Hispanic

Socioeconomic status by zip code (n=106), n (%)

0 (0)1 (lowest)

2 (1.9)2

11 (10.4)3

31 (29.3)4

62 (58.5)5 (highest)

Insurance (n=107), n (%)

32 (29.9)Public insurance

75 (70.1)Private insurance

Primary diagnosis (n=107), n (%)

76 (71)Coronary artery disease

13 (12.2)Heart failure

14 (13.1)Valvular

4 (3.7)Other

Mobile app use (n=107), median (IQR)

92 (20-200)Total app interactions

19 (1-57)Total exercise logs

26 (4-67)Total blood pressure logs
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Table 2. Clinical results of patients using a mobile app in a retrospective cohort study of patients in cardiac rehabilitation at University of California,
San Francisco from May 22, 2020, to May 21, 2022 (ne represents number of participants at enrollment, and nc represents number of participants at
completion).

P valueChangeCompletionEnrollmentCharacteristics

<.00164 (54.1)510.8 (99.3)447.1 (85.1)6-minute walk distance (meters; n=107), mean (SD)

N/AN/Ab14 (20.9)26 (25.7)Elevated BPa (³130/80 mmHg; ne=101; nc=67), n (%)

.07–2.7 (11.9)117.2 (12)119.5 (11.7)Systolic BP (mmHg; all patients; ne=101; nc=67), n (%)

.06–2 (8.3)71.6 (9.4)73.9 (7.6)Diastolic BP (mmHg; all patients; ne=101; nc=67), n (%)

.920.2 (10.2)116.4 (12.6)115.1 (8.3)Systolic BP (<130/80 mmHg at enrollment; ne=75; nc=50), n (%)

.90–0.1 (7.1)70.8 (9.3)70.9 (5.8)Diastolic BP (<130/80 mmHg at enrollment; ne=75; nc=50), n (%)

.002–11.5 (12.4)121.1 (10.7)132.4 (10.6)Systolic BP (≥130/80 mmHg at enrollment; ne=26; nc=17), n (%)

.003–7.7 (–14 to –0.4)74.8 (65.5 to 81.1)82.5 (80.1 to 86.7)Diastolic BP (≥130/80 mmHg at enrollment; ne=26; nc=17), n (%)

.030.3 (1.4)26.9 (4.5)26.7 (4.4)BMI (kg/m2; n=107), n (%)

<.0010 (0)0.9 (0.08)0.9 (0.07)Waist-to-hip ratio (n=107), n (%)

<.001–1.2 (–3 to 0)1 (0 to 3)1 (0 to 5)GAD-7c (n=107), median (IQR)

<.001–1.9 (–3 to 0)1 (0 to 3)3 (1 to 6)PHQ-9d (n=107), median (IQR)

.70–0.1 (–0.2 to 0.3)5.6 (5.4 to 6.1)5.6 (5.3 to 5.9)Hemoglobin A1c (%; ne=60; nc=33), median (IQR)

.01–22.5 (51.3)134.2 (45.1)154.7 (47.8)Total Cholesterol (mg/dL; ne=68; nc=46), n (%)

.006–21.7 (43.8)74.4 (35.7)89.2 (41)LDLe (mg/dL; ne=67; nc=44), n (%)

.163.9 (16.6)45.4 (16.4)43.7 (13.7)HDLf (mg/dL; ne=68; nc=45), n (%)

.25–10.2 (53.3)94.4 (42.9)107.9 (52.2)Total triglyceride (mg/dL; ne=72; nc=45), n (%)

aBP: blood pressure.
bN/A: not applicable.
cGAD-7: General Anxiety Disorder-7.
dPHQ-9: Patient Health Questionnaire-9.
eLDL: low-density lipoprotein.
fHDL: high-density lipoprotein.

Figure 2. Average blood pressure over time of patients using a mobile app in a retrospective cohort study of patients in cardiac rehabilitation at
University of California, San Francisco from May 22, 2020, to May 21, 2022. (A) Average blood pressure of all patients at enrollment (n=101). (B)
Average blood pressure of patients with elevated blood pressure (≥130/80 mmHg) at enrollment (n=26). (C) Average blood pressure of patients with
normal blood pressure (<130/80 mmHg) at enrollment (n=75).
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Table 3. Associations between clinical outcomes and mobile app use in patients using a mobile app in a retrospective cohort study of patients in cardiac
rehabilitation at University of California, San Francisco from May 22, 2020, to May 21, 2022 (models were adjusted for age, sex assigned at birth, race,
ethnicity, socioeconomic status by zip code, insurance, and primary diagnosis).

P valueCoefficient (95% CI)Clinical outcome

Change in 6-minute walk distance

.59–0.03 (–0.1 to 0.07)Total app interactions

.570.1 (–0.3 to 0.4)Total exercise logs

Change in systolic blood pressure

.870.002 (–0.03 to 0.03)Total app interactions

.63–0.02 (–0.1 to 0.06)Total blood pressure logs

Change in diastolic blood pressure

.65–0.005 (–0.03 to 0.02)Total app interactions

.50–0.02 (–0.09 to 0.04)Total blood pressure logs

Discussion

Principal Results
In this study of 107 patients participating in CR with the use of
a mobile app, we found no association between the amount of
app use and improvement in clinical outcomes, including
6MWD and BP. We also did not observe an association between
app use and completion of CR.

Comparison With Prior Work
Previous research has shown that CR programs using mobile
apps can achieve similar or improved outcomes compared to
traditional CR programs [26]. However, there has been a lack
of published research on associations between patient interaction
with CR mobile apps and clinical outcomes. In their study,
Widmer et al [30] found that digital health interventions in
which patients interact with the app through reporting dietary
and exercise habits showed a nonsignificant reduction in
cardiovascular-related rehospitalizations [30]. In a randomized
study, Rosario et al [31] found no statistically significant
difference in 6MWD, waist measurement, RPE, and resting
heart rate comparing hospital-based CR patients with and
without a smart phone app, portable BP monitor, and weight
scale [31]. In our nonrandomized study, we found no association
between total app interactions and change in functional capacity
(change in 6MWD) or change in BP.

In a systematic review of 6 randomized control trials of CR
mobile apps, Tuttle et al [32] found inconsistent clinical results.
Analysis suggested improved outcomes with apps that
incorporated automated data collection, such as automatic step
counters, automatic information logs, correctional goal setting,
and real-time feedback [32]. Meanwhile, apps without automatic
data collection and feedback were not successful [32]. The app
used by patients in this study required manual data entry and
did not provide automated feedback; moreover, its use was not
associated with improved outcomes, which is consistent with
the systematic review findings.

Nonetheless, with the larger use of smartphones comes an
inherent shift of mobile app incorporation into clinical care. In
addition, there is a high interest of mobile app use for health
care delivery among patients and clinicians [9,33]. With this

interest, technologies such as mobile apps can provide
flexibility, scalability of care, accessibility of information, and
communication among teams and patients [16,20-23]. As we
have learned during the COVID-19 pandemic, mobile apps
provided a mechanism to facilitate CR care and information
exchange between patients and providers in a hybrid and remote
setting, with no significant difference in clinical outcomes from
in-person CR programs [26]. Patient experience is considered
an important predictor for health care quality affecting clinical
outcomes, medical adherence, and hospital retention [34-37].
Similarly, provider experience, although less studied, has been
shown to affect patient outcomes and successful integration of
programs [36,38]. However, little research is done on the role
of mobile apps in improving patient and provider experiences
[39,40]. This study did not capture measures of patient and
provider satisfaction with mobile app use. Future studies should
examine the impact of mobile app use on patient and provider
experience.

Limitations
Certain limitations must be considered. Generalizability may
be limited since the cohort was enrolled and completed the
program during the COVID-19 pandemic. Other factors that
may affect generalizability include underrepresentation across
sex assigned at birth, race, ethnicity, and SES since the cohort
was mostly male, White Caucasian, non-Hispanic, living in
neighborhoods associated with high SES, and with private
insurance. SES by zip code incompletely captures
individual-level SES factors.

This study only examined mobile app use among people who
chose to download a mobile app and cannot account for
differences between this population and people who did not
choose to download the mobile app. Moreover, the patient
population was only from a single center with a limited sample
size. Additionally, in this observational study, using data
collected during the routine course of health care, we could not
account for all potential unmeasured confounders.

Conclusions
In a population of patients participating in CR and using a
mobile app, this study found no associations between total app
interactions and changes in functional capacity, total exercise
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logs and changes in functional capacity, total app interactions
and program completion, total app interactions and changes in
BP, and total BP logs and changes in BP. Mobile app use was
not associated with completion of the program. Given the lack
of association between mobile app use and clinical outcomes,

we encourage further study of the impact of mobile app use on
patient and provider experience. Importantly, this research
should be conducted in a diverse population to address existing
disparities.

Acknowledgments
This study was funded by the University of California, San Francisco (UCSF) Summer Explore Program Grant. This publication
was supported by UCSF Academic Research Systems, and by the National Center for Advancing Translational Sciences, National
Institutes of Health (NIH), through UCSF-CTSI (Clinical & Translational Science Institute) Grant Number UL1 TR991872. Its
contents are solely the responsibility of the authors and do not necessarily represent the official views of UCSF or the NIH.

Data Availability
Since data derive from identifiable data and there is a risk of reidentification, access to data sets is limited. A deidentified data
set may be available upon request and execution of a data use agreement.

Conflicts of Interest
ALB was formerly employed by (2018-2019) and held stock in (2019-2021) Apple Inc and was formerly on the board of the
American Association of Cardiovascular and Pulmonary Rehabilitation (2020-2021). ALB has received research support from
the National Heart, Lung, and Blood Institute (NHLBI) and the National Institute of Mental Health (NIMH), unrelated to this
manuscript topic.

References

1. Cardiovascular diseases (CVDs). World Health Organization. 2021 Jun 11. URL: https://www.who.int/news-room/fact-sheets/
detail/cardiovascular-diseases-(cvds) [accessed 2022-01-13]

2. Heart Disease Facts. Centers for Disease Control and Prevention. 2022. URL: https://www.cdc.gov/heartdisease/facts.htm
[accessed 2022-01-13]

3. Birger M, Kaldjian AS, Roth GA, Moran AE, Dieleman JL, Bellows BK. Spending on cardiovascular disease and
cardiovascular risk factors in the United States: 1996 to 2016. Circulation 2021 Jul 27;144(4):271-282 [FREE Full text]
[doi: 10.1161/CIRCULATIONAHA.120.053216] [Medline: 33926203]

4. Health and economic costs of chronic diseases. Centers for Disease Control and Prevention. 2022 Sep 8. URL: https://www.
cdc.gov/chronicdisease/about/costs/index.htm [accessed 2022-01-13]

5. Cardiac rehabilitation change package. Centers for Disease Control and Prevention. 2020 Jan 20. URL: https://millionhearts.
hhs.gov/tools-protocols/action-guides/cardiac-change-package/index.html [accessed 2022-01-13]

6. Heran BS, Chen JM, Ebrahim S, Moxham T, Oldridge N, Rees K, et al. Exercise-based cardiac rehabilitation for coronary
heart disease. Cochrane Database Syst Rev 2011(7):CD001800 [FREE Full text] [doi: 10.1002/14651858.CD001800.pub2]
[Medline: 21735386]

7. 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]

8. Beatty AL, Brown TM, Corbett M, Diersing D, Keteyian SJ, Mola A, et al. Million hearts cardiac rehabilitation think tank:
accelerating new care models. Circ Cardiovasc Qual Outcomes 2021 Oct;14(10):e008215. [doi:
10.1161/CIRCOUTCOMES.121.008215] [Medline: 34587751]

9. 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]

10. Ades PA, Keteyian SJ, Wright JS, Hamm LF, Lui K, Newlin K, et al. Increasing cardiac rehabilitation participation from
20% to 70%: a road map from the million hearts cardiac rehabilitation collaborative. Mayo Clin Proc 2017 Feb;92(2):234-242
[FREE Full text] [doi: 10.1016/j.mayocp.2016.10.014] [Medline: 27855953]

11. Hinde S, Bojke L, Harrison A, Doherty P. Improving cardiac rehabilitation uptake: potential health gains by socioeconomic
status. Eur J Prev Cardiol 2019 Nov;26(17):1816-1823. [doi: 10.1177/2047487319848533] [Medline: 31067128]

12. Park LG, Schopfer DW, Zhang N, Shen H, Whooley MA. Participation in cardiac rehabilitation among patients with heart
failure. J Card Fail 2017 May;23(5):427-431 [FREE Full text] [doi: 10.1016/j.cardfail.2017.02.003] [Medline: 28232047]

JMIR Cardio 2023 | vol. 7 | e44433 | p. 8https://cardio.jmir.org/2023/1/e44433
(page number not for citation purposes)

Oclaman et alJMIR Cardio

XSL•FO
RenderX

https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.cdc.gov/heartdisease/facts.htm
https://europepmc.org/abstract/MED/33926203
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.053216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33926203&dopt=Abstract
https://www.cdc.gov/chronicdisease/about/costs/index.htm
https://www.cdc.gov/chronicdisease/about/costs/index.htm
https://millionhearts.hhs.gov/tools-protocols/action-guides/cardiac-change-package/index.html
https://millionhearts.hhs.gov/tools-protocols/action-guides/cardiac-change-package/index.html
http://europepmc.org/abstract/MED/21735386
http://dx.doi.org/10.1002/14651858.CD001800.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21735386&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
http://dx.doi.org/10.1161/CIRCOUTCOMES.121.008215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34587751&dopt=Abstract
http://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
http://europepmc.org/abstract/MED/27855953
http://dx.doi.org/10.1016/j.mayocp.2016.10.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27855953&dopt=Abstract
http://dx.doi.org/10.1177/2047487319848533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31067128&dopt=Abstract
https://europepmc.org/abstract/MED/28232047
http://dx.doi.org/10.1016/j.cardfail.2017.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28232047&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


13. 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]

14. Turk-Adawi K, Supervia M, Lopez-Jimenez F, Pesah E, Ding R, Britto RR, et al. Cardiac rehabilitation availability and
density around the globe. EClinicalMedicine 2019 Aug;13:31-45 [FREE Full text] [doi: 10.1016/j.eclinm.2019.06.007]
[Medline: 31517261]

15. Chindhy S, Taub PR, Lavie CJ, Shen J. Current challenges in cardiac rehabilitation: strategies to overcome social factors
and attendance barriers. Expert Rev Cardiovasc Ther 2020 Nov;18(11):777-789 [FREE Full text] [doi:
10.1080/14779072.2020.1816464] [Medline: 32885702]

16. Haluza D, Jungwirth D. ICT and the future of health care: aspects of doctor-patient communication. Int J Technol Assess
Health Care 2014 Jul;30(3):298-305. [doi: 10.1017/S0266462314000294] [Medline: 25308693]

17. Koonin LM, Hoots B, Tsang CA, Leroy Z, Farris K, Jolly T, et al. Trends in the use of telehealth during the emergence of
the COVID-19 pandemic - United States, January-March 2020. MMWR Morb Mortal Wkly Rep 2020 Oct
30;69(43):1595-1599 [FREE Full text] [doi: 10.15585/mmwr.mm6943a3] [Medline: 33119561]

18. Maassen O, Fritsch S, Gantner J, Deffge S, Kunze J, Marx G, et al. Future mobile device usage, requirements, and expectations
of physicians in German university hospitals: web-based survey. J Med Internet Res 2020 Dec 21;22(12):e23955 [FREE
Full text] [doi: 10.2196/23955] [Medline: 33346735]

19. Gallagher R, Zhang L. Evaluating mobile health technologies: does the traditional randomized controlled trial serve our
needs? Eur J Cardiovasc Nurs 2021 Aug 20;20(6):623-626. [doi: 10.1093/eurjcn/zvab053] [Medline: 34269387]

20. Osei E, Mashamba-Thompson TP. Mobile health applications for disease screening and treatment support in low-and
middle-income countries: A narrative review. Heliyon 2021 Mar;7(3):e06639 [FREE Full text] [doi:
10.1016/j.heliyon.2021.e06639] [Medline: 33869857]

21. Haluza D, Hofer F. Exploring perceptions on medical app use in clinical communication among Austrian physicians: results
of a validation study. Health Informatics J 2020 Sep 02;26(3):1659-1671 [FREE Full text] [doi: 10.1177/1460458219888420]
[Medline: 32723170]

22. Sharma A, Mentz RJ, Granger BB, Heitner JF, Cooper LB, Banerjee D, et al. Utilizing mobile technologies to improve
physical activity and medication adherence in patients with heart failure and diabetes mellitus: Rationale and design of the
TARGET-HF-DM Trial. Am Heart J 2019 May;211:22-33. [doi: 10.1016/j.ahj.2019.01.007] [Medline: 30831331]

23. Schnall R, Bakken S, Rojas M, Travers J, Carballo-Dieguez A. mHealth technology as a persuasive tool for treatment, care
and management of persons living with HIV. AIDS Behav 2015 Jun 9;19 Suppl 2(0 2):81-89 [FREE Full text] [doi:
10.1007/s10461-014-0984-8] [Medline: 25572830]

24. 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]

25. Anyanwu EC, Ward RP, Shah A, Arora V, Umscheid CA. A mobile app to facilitate socially distanced hospital
communication during COVID-19: implementation experience. JMIR Mhealth Uhealth 2021 Feb 23;9(2):e24452 [FREE
Full text] [doi: 10.2196/24452] [Medline: 33513562]

26. Ganeshan S, Jackson H, Grandis DJ, Janke D, Murray ML, Valle V, et al. Clinical outcomes and qualitative perceptions
of in-person, hybrid, and virtual cardiac rehabilitation. J Cardiopulm Rehabil Prev 2022 Sep 01;42(5):338-346. [doi:
10.1097/HCR.0000000000000688] [Medline: 35420563]

27. Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey D, et al. An official European Respiratory Society/American
Thoracic Society technical standard: field walking tests in chronic respiratory disease. Eur Respir J 2014 Dec;44(6):1428-1446
[FREE Full text] [doi: 10.1183/09031936.00150314] [Medline: 25359355]

28. UCSF Health Atlas. URL: https://healthatlas.ucsf.edu/ [accessed 2022-06-15]
29. Gremeaux V, Troisgros O, Benaïm S, Hannequin A, Laurent Y, Casillas J, et al. Determining the minimal clinically important

difference for the six-minute walk test and the 200-meter fast-walk test during cardiac rehabilitation program in coronary
artery disease patients after acute coronary syndrome. Arch Phys Med Rehabil 2011 Apr;92(4):611-619. [doi:
10.1016/j.apmr.2010.11.023] [Medline: 21440707]

30. Widmer RJ, Allison TG, Lennon R, Lopez-Jimenez F, Lerman LO, Lerman A. Digital health intervention during cardiac
rehabilitation: a randomized controlled trial. Am Heart J 2017 Jun;188:65-72. [doi: 10.1016/j.ahj.2017.02.016] [Medline:
28577682]

31. Rosario MBD, Lovell NH, Fildes J, Holgate K, Yu J, Ferry C, et al. Evaluation of an mHealth-based adjunct to outpatient
cardiac rehabilitation. IEEE J Biomed Health Inform 2018 Nov;22(6):1938-1948. [doi: 10.1109/JBHI.2017.2782209]
[Medline: 29990228]

32. Tuttle K, Kelemen A, Liang Y. Use of smartphone apps for improving physical function capacity in cardiac patient
rehabilitation: systematic review. JMIRx Med 2021;2(3):e21906 [FREE Full text] [doi: 10.2196/21906]

33. Alazzam MB, Al-Radaideh AT, Alhamarnah RA, Alassery F, Hajjej F, Halasa A. A survey research on the willingness of
gynecologists to employ mobile health applications. Comput Intell Neurosci 2021;2021:1220374 [FREE Full text] [doi:
10.1155/2021/1220374] [Medline: 35047026]

JMIR Cardio 2023 | vol. 7 | e44433 | p. 9https://cardio.jmir.org/2023/1/e44433
(page number not for citation purposes)

Oclaman et alJMIR Cardio

XSL•FO
RenderX

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
https://linkinghub.elsevier.com/retrieve/pii/S2589-5370(19)30100-2
http://dx.doi.org/10.1016/j.eclinm.2019.06.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31517261&dopt=Abstract
https://europepmc.org/abstract/MED/32885702
http://dx.doi.org/10.1080/14779072.2020.1816464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32885702&dopt=Abstract
http://dx.doi.org/10.1017/S0266462314000294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25308693&dopt=Abstract
https://doi.org/10.15585/mmwr.mm6943a3
http://dx.doi.org/10.15585/mmwr.mm6943a3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33119561&dopt=Abstract
https://www.jmir.org/2020/12/e23955/
https://www.jmir.org/2020/12/e23955/
http://dx.doi.org/10.2196/23955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33346735&dopt=Abstract
http://dx.doi.org/10.1093/eurjcn/zvab053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34269387&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2405-8440(21)00742-8
http://dx.doi.org/10.1016/j.heliyon.2021.e06639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33869857&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/1460458219888420?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1460458219888420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32723170&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2019.01.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30831331&dopt=Abstract
https://europepmc.org/abstract/MED/25572830
http://dx.doi.org/10.1007/s10461-014-0984-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25572830&dopt=Abstract
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://mhealth.jmir.org/2021/2/e24452/
https://mhealth.jmir.org/2021/2/e24452/
http://dx.doi.org/10.2196/24452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33513562&dopt=Abstract
http://dx.doi.org/10.1097/HCR.0000000000000688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35420563&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=25359355
http://dx.doi.org/10.1183/09031936.00150314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25359355&dopt=Abstract
https://healthatlas.ucsf.edu/
http://dx.doi.org/10.1016/j.apmr.2010.11.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21440707&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2017.02.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28577682&dopt=Abstract
http://dx.doi.org/10.1109/JBHI.2017.2782209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29990228&dopt=Abstract
https://doi.org/10.2196/21906
http://dx.doi.org/10.2196/21906
https://doi.org/10.1155/2021/1220374
http://dx.doi.org/10.1155/2021/1220374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35047026&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


34. Ahmed F, Burt J, Roland M. Measuring patient experience: concepts and methods. Patient 2014;7(3):235-241. [doi:
10.1007/s40271-014-0060-5] [Medline: 24831941]

35. Lu C, Hu Y, Xie J, Fu Q, Leigh I, Governor S, et al. The use of mobile health applications to improve patient experience:
cross-sectional study in Chinese public hospitals. JMIR Mhealth Uhealth 2018 May 23;6(5):e126. [doi: 10.2196/mhealth.9145]
[Medline: 29792290]

36. Nguyen M, Waller M, Pandya A, Portnoy J. A review of patient and provider satisfaction with telemedicine. Curr Allergy
Asthma Rep 2020 Sep 22;20(11):72 [FREE Full text] [doi: 10.1007/s11882-020-00969-7] [Medline: 32959158]

37. Prakash B. Patient satisfaction. J Cutan Aesthet Surg 2010 Sep;3(3):151-155 [FREE Full text] [doi: 10.4103/0974-2077.74491]
[Medline: 21430827]

38. McHugh MD, Kutney-Lee A, Cimiotti JP, Sloane DM, Aiken LH. Nurses' widespread job dissatisfaction, burnout, and
frustration with health benefits signal problems for patient care. Health Aff (Millwood) 2011 Feb;30(2):202-210 [FREE
Full text] [doi: 10.1377/hlthaff.2010.0100] [Medline: 21289340]

39. Elnaggar A, von Oppenfeld J, Whooley MA, Merek S, Park LG. Applying mobile technology to sustain physical activity
after completion of cardiac rehabilitation: acceptability study. JMIR Hum Factors 2021 Sep 02;8(3):e25356 [FREE Full
text] [doi: 10.2196/25356] [Medline: 34473064]

40. Lunde P, Bye A, Bruusgaard KA, Hellem E, Nilsson BB. Patients' experiences of using a smartphone app after cardiac
rehabilitation: qualitative study. JMIR Hum Factors 2022 Mar 23;9(1):e34294 [FREE Full text] [doi: 10.2196/34294]
[Medline: 35319476]

Abbreviations
6WMD: 6-minute walk distance
BP: blood pressure
CR: cardiac rehabilitation
GAD-7: General Anxiety Disorder
PHQ-9: Patient Health Questionnaire (PHQ)-9
SES: socioeconomic status
UCSF: University of California, San Francisco

Edited by T Leung; submitted 18.11.22; peer-reviewed by M Idris, N Trehan; comments to author 16.02.23; revised version received
09.03.23; accepted 07.04.23; published 15.05.23

Please cite as:
Oclaman JM, Murray ML, Grandis DJ, Beatty AL
The Association Between Mobile App Use and Change in Functional Capacity Among Cardiac Rehabilitation Participants: Cohort
Study
JMIR Cardio 2023;7:e44433
URL: https://cardio.jmir.org/2023/1/e44433
doi: 10.2196/44433
PMID:

©Janah May Oclaman, Michelle L Murray, Donald J Grandis, Alexis L Beatty. Originally published in JMIR Cardio
(https://cardio.jmir.org), 15.05.2023. 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 Cardio, is properly cited. The complete bibliographic information,
a link to the original publication on https://cardio.jmir.org, as well as this copyright and license information must be included.

JMIR Cardio 2023 | vol. 7 | e44433 | p. 10https://cardio.jmir.org/2023/1/e44433
(page number not for citation purposes)

Oclaman et alJMIR Cardio

XSL•FO
RenderX

http://dx.doi.org/10.1007/s40271-014-0060-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24831941&dopt=Abstract
http://dx.doi.org/10.2196/mhealth.9145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29792290&dopt=Abstract
http://europepmc.org/abstract/MED/32959158
http://dx.doi.org/10.1007/s11882-020-00969-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32959158&dopt=Abstract
http://www.jcasonline.com/article.asp?issn=0974-2077;year=2010;volume=3;issue=3;spage=151;epage=155;aulast=Prakash
http://dx.doi.org/10.4103/0974-2077.74491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21430827&dopt=Abstract
https://europepmc.org/abstract/MED/21289340
https://europepmc.org/abstract/MED/21289340
http://dx.doi.org/10.1377/hlthaff.2010.0100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21289340&dopt=Abstract
https://humanfactors.jmir.org/2021/3/e25356/
https://humanfactors.jmir.org/2021/3/e25356/
http://dx.doi.org/10.2196/25356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34473064&dopt=Abstract
https://humanfactors.jmir.org/2022/1/e34294/
http://dx.doi.org/10.2196/34294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35319476&dopt=Abstract
https://cardio.jmir.org/2023/1/e44433
http://dx.doi.org/10.2196/44433
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/

