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ARTICLE INFO SUMMARY
Article history: Purpose: Middle-aged men after myocardial infarction (MI), particularly those at risk for heart failure,
Received 9 May 2025 require sustained health behaviors for effective long-term self-care. This study evaluated the 1-year
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efficacy of a mobile app—based weekly self-monitoring program grounded in the information-
motivation-behavioral skills model.

Methods: A single-blind, randomized controlled trial was conducted with 68 post-MI men who un-
derwent percutaneous coronary intervention and had a left ventricular ejection fraction < 50%. Par-
ticipants were randomly assigned to the experimental group (n = 35), who used With Your Heart, a
mobile app developed for this study. The app included a weekly self-monitoring checklist with
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mobile applications algorithm-based feedback, and participants additionally received nurse counseling during outpatient
myocardial infarction visits every 3 months. The control group (n = 33) received standard lifestyle education through a leaflet
self-care at the baseline. Outcomes were measured at the baseline, 3 months, 6 months, and 12 months. Data

were analyzed using repeated-measures analysis of variance to examine group x time interactions, with
Bonferroni correction applied for post hoc comparisons.
Results: Average age of the experimental group was 58.01 (+8.52) years and 57.35 (+9.63) years in the
control group. Overall, 85.3% experienced a first-time MI, whereas 14.7% had a recurrent MI. Significant
group x time interaction effects were found for health behaviors (F = 10.24, p<.001) and illness
perception (F = 3.15, p = .026). The experimental group demonstrated sustained improvements in
health behaviors across all follow-up points and reduced negative illness perception at 3 and 6 months.
Resilience was significantly higher in the experimental group overall, although no interaction effect was
observed. Depression decreased over time in both groups, with no between-group differences.
Conclusion: Weekly app-based self-monitoring significantly improved health behaviors and favorably
influenced psychological outcomes, particularly illness perception and resilience, in middle-aged post-
MI men at risk for heart failure. These findings support app-based self-monitoring as a feasible digital
healthcare strategy to promote lifestyle modification for at-risk patients during outpatient care.
© 2026 Korean Society of Nursing Science. Published by Elsevier BV. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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82.2% were men, and after 6 years, 5.2% developed HF [3]. Pre-
dictors of HF progression in post-MI patients include advanced
age, hypertension, and structural changes such as reduced left
ventricular ejection fraction (LVEF) [3,4]. Ml is, therefore, a leading
cause of HF, and prevention of progression requires not only
medication adherence and risk factor control but also sustained
lifestyle modification, particularly among patients with reduced
LVEF [1,5,6]. Continuous self-care adherence is essential to prevent
adverse outcomes in post-MI patients [7], underscoring the
importance of effective nursing interventions.

However, many post-MI patients struggle with maintaining
healthy behaviors and managing comorbidities despite treatment
[5]. While rehabilitation programs often improve short-term
adherence, sustaining long-term lifestyle changes such as diet
and medication adherence remains difficult due to limited support
and motivation [6]. A meta-analysis of randomized controlled
trials found that nurse-led lifestyle interventions significantly
reduced blood pressure, fasting blood glucose, total cholesterol,
readmission rates, and psychological distress [8]. These findings
underscore the need for continuous interventions that reinforce
self-care in post-MI patients at risk for HF.

In a Korean acute MI registry study with 13,104 participants,
75.9% were men, with a mean age of 60.7 years, and 75.3% were
smokers [9]. Compared with women, middle-aged men are more
likely to exhibit lifestyle risk factors such as obesity and smoking,
often as a means of coping with work-related stress and a
company dinner culture that emphasizes alcohol consumption
and social bonding [9,10]. This highlights the necessity of pro-
moting healthy lifestyle modification among middle-aged men
recovering from MI.

To maximize the efficacy of nursing interventions for lifestyle
modification, it is important to consider psychological and moti-
vational factors that influence self-care. Illness perception shapes
perceived threat, control, and the necessity of action, with more
accurate and less negative perceptions linked to better adherence
and health-promoting behaviors [11,12]. Depression, present in
about 20% of patients with cardiovascular disease and in up to
two-thirds of patients after MI, is consistently associated with
poor medication adherence, inadequate self-management, and
worse outcomes [13]. Negative illness perceptions are further
linked to greater depressive symptoms [14]. In contrast, resilience
facilitates coping and resource utilization and is associated with
improved health behaviors and reduced cardiovascular risk
[15,16]. Therefore, including illness perception, depression, and
resilience as secondary outcomes is justified as interventions for
post-MI patients should address not only health behaviors but also
these psychological factors that drive behavior change.

With rapid advances in digital healthcare, mobile health
(mHealth) technologies such as wearable devices and smartphone
applications (apps) are increasingly used in cardiovascular disease
management [17]. Unlike brief and infrequent clinic-based en-
counters, mHealth programs provide continuous monitoring and
support in daily life, extending the reach of secondary prevention.
App-based interventions have improved adherence to healthy diet,
physical activity, sedentary behavior, exercise capacity, and blood
glucose control [18]. A meta-analysis of nurse-led remote in-
terventions further showed that digital approaches enhanced
quality of life through symptom monitoring and timely feedback in
patients with chronic diseases [19]. Recent evidence indicates that
smartphone app—based interventions enhance self-management
behaviors and psychosocial outcomes in patients with coronary
heart disease, with self-monitoring, feedback, and education
identified as key components of effective mHealth programs
[20,21]. Collectively, these findings suggest that mobile apps may
play an important role in secondary cardiovascular prevention,

particularly when sustained engagement and personalized fea-
tures are combined with nurse support.

This study was guided by the information-motivation-behav-
ioral skills (IMB) model [22], which posits that health behavior
change occurs when patients are adequately informed, motivated,
and equipped with the necessary skills. In this intervention, in-
formation was delivered through face-to-face education, a stan-
dardized leaflet, and in-app lifestyle resources. Motivation was
enhanced by individualized nurse counseling and algorithm-based
feedback aimed at improving cognitive and affective representa-
tions of illness (e.g., reducing negative illness perception) and
addressing depressive symptoms that undermine adherence.
Behavioral skills were strengthened by weekly app-based self-
monitoring, which facilitated reflection, progress tracking, and
action planning.

Despite growing evidence for mHealth interventions, little is
known about their long-term psychological and behavioral effects
in middle-aged men after MI, who often experience high stress,
lifestyle risks, and limited access to conventional rehabilitation.
Therefore, this study evaluated the 1-year effects of an IMB-based,
app-supported weekly self-monitoring program on health be-
haviors (primary outcome) and on resilience, illness perception,
and depression (secondary outcomes) in this risk group. The hy-
potheses of this study were as follows: compared with the control
group, the experimental group would demonstrate significantly
greater improvements over time (group x time interaction) in (1)
health behaviors, (2) resilience, and (3) illness perception, as well
as greater reductions in (4) depression.

Methods
Research design

In this study, we developed a smartphone app to improve
health behaviors for self-care in post-MI male patients and verified
its efficacy using a controlled experimental design with random
assignment. This was a two-group, single-blind, randomized
controlled study, registered in the Korea Clinical Research Infor-
mation Service (http://www.cris.nih.go.kr), and the registration
number was KCT0009112. This study adhered to the Consolidated
Standards of Reporting Trials (CONSORT) guidelines.

Research participants

Eligible participants were male outpatients who underwent
percutaneous coronary intervention after MI at two university
hospitals in Seoul, Korea. Inclusion criteria were as follows: (1)
LVEF <50% on echocardiography within 3 months of MI diagnosis,
classified as Stage B HF (at risk) according to the American College
of Cardiology/American Heart Association (ACC/AHA) guidelines,
requiring lifestyle modification and self-care; (2) physician-
confirmed early or risk-stage HF; (3) no ventricular assist device;
(4) stable physical condition without cognitive dysfunction; and
(5) ability to use a smartphone and willingness to participate.
Exclusion criteria included participation in other structured exer-
cise or cardiac rehabilitation programs. In the experimental group,
adherence to the mobile app was monitored throughout the study.
Participants were required to complete at least two-thirds
(>66.7%) of the weekly self-monitoring checklists; failure to
meet this threshold was regarded as insufficient participation and
was considered a dropout. To provide objective evidence of app
use, adherence was additionally tracked using in-app logs,
including checklist completion rates and login frequency.

For sample size estimation, we used a repeated-measures
within—between interaction analysis of variance (ANOVA) in
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G*Power version 3.1.9 (Heinrich Heine University Diisseldorf,
Diisseldorf, Germany). Based on prior literature reporting changes
in self-care behaviors after 1 year of small-group education in post-
MI patients [23], we assumed a conservative effect size of f = 0.25.
With a power of .80, we assumed a two-sided significance level of
.05, two groups, four repeated measurements, an assumed corre-
lation among repeated measures of .50, and a nonsphericity
correction of ¢ = 1.00. Under these assumptions, a minimum of 26
participants per group (52 in total) was required. To account for an
anticipated dropout rate of 20%, we aimed to recruit at least 33
participants per group (66 in total). The final analyzed sample
included 68 participants, exceeding this requirement.

After reviewing electronic medical records, 94 male patients
met the eligibility criteria. Of these, 88 were randomized at a 1:1
ratio to the experimental or control group using computerized
random numbers with permuted block randomization (block
size = 4) [24]. The randomization sequence was generated by a
researcher who was independent of patient enrollment. Allocation
concealment was ensured by sequential assignment according to
outpatient visit order using sealed opaque envelopes. After base-
line assessment, a blinded research assistant administered the
survey. All data collectors remained blinded to group assignments
throughout the study to minimize bias. Over the 12-month study
period, 20 patients dropped out and data from 68 patients (35
experimental, 33 control) were analyzed (Figure 1).

Research procedure

Development of the ‘With Your Heart’ app

A smartphone app, With Your Heart, was developed from
February to June 2021 in collaboration with a developer following
academic guidelines on post-MI self-care. The app was designed to
enhance motivation for lifestyle modification and included a
weekly checklist for self-reflection with algorithm-based individ-
ualized feedback. It was built on the android system and made
available via Google Play (Google LLC, Mountain View, CA, USA),
with both user and administrator interfaces supported by a man-
agement server and database. Participants logged in using their
name and birthdate for self-monitoring, and their checklist results
were graphically displayed for use during nurse counseling at
outpatient visits every 3 months.

The app’s weekly self-monitoring checklist includes the life-
style recommendations for cardiovascular health organized by the
Korea Disease Control and Prevention Agency [25]. The checklist
consisted of 11 multiple-choice questions assessing self-care be-
haviors during the past week, with two additional questions for
participants with diabetes. Participants selected one of four
response options (“always,” “often,” “sometimes,” or “never”). The
questions are as follows: (1) Did you feel irritated or angry because
something bothered you? (2) Did you take your prescribed medi-
cations at the prescribed times? (3) Did you experience chest pain
or discomfort in daily life? 4) Did you experience shortness of
breath in daily life? (5) Did you try to eat healthy foods (not too
salty)? (6) Did you limit your intake of high-cholesterol foods? (7)
Did you regularly perform muscle-strengthening exercises for at
least 30 minutes? (8) Did you regularly perform aerobic exercise
for at least 30 minutes? (9) Did you refrain from smoking? (10) Did
you measure your blood pressure? (11) Did you measure your body
weight? Two questions were added for diabetes management as
follows: (12) How often did you consume snacks (e.g., bread, rice
cakes, fruit) in addition to regular meals? (13) Did you check your
blood glucose level every day as instructed by your physician?

Participants received immediate individualized feedback,
including an animated nurse image and sound effects, based on
their checklist results. This feedback was generated in a variety of

” o«

messages using approximately 80 algorithms that address risk
factors such as diabetes and smoking, thus increasing motivation
for lifestyle modification. If a participant missed an item, a flashing
‘y/" screen notification prompted them to review the checklist. The
app offered additional information on improving behavior by
clicking on unchecked items, along with feedback from the
animated nurse. In addition, supplementary disease-related in-
formation was available for self-learning, covering topics such as
MI treatment, complications, HF, dyslipidemia, and vascular age
appraisal.

To establish the content validity of the developed mobile app,
we invited seven experts (three cardiologists, three senior nurses
with >10 years of cardiology experience, and one nursing profes-
sor). Five items addressed content clarity, accessibility, conve-
nience, learning usefulness, and overall impression, and were
evaluated using a 4-point Likert scale. The item-level content
validity index (I-CVI) was calculated as the proportion of experts
rating each item as 3 or 4, and the scale-level CVI (S-CVI/Ave) was
calculated as the average of all I-CVIs. According to Lynn’s criteria,
an [-CVI >.78 and an S-CVI >.80 were considered acceptable [26].
The I-CVI values ranged from .86 to 1.00, and the overall S-CVI/Ave
was .92, indicating excellent content validity. Based on expert
feedback, we revised the login process and font size to improve
usability. Subsequently, five post-MI outpatients pilot-tested the
app, confirming usability after these revisions.

Intervention of the app ‘With Your Heart’

The experimental group received 20 minutes of initial coun-
seling education, including an educational leaflet explaining MI,
treatment, and self-care behaviors. After an app tutorial, partici-
pants registered in the app and received text reminders for weekly
self-monitoring. To encourage use of the app, text notifications
were sent to smartphones once a week, and when necessary, re-
searchers provided phone counseling. Participants had access to
the app for 1 year (Table 1).

Once a week, when participants completed a self-monitoring
checklist, they were informed of their status through various
nurse animations and received praise, encouragement, and in-
formation on what to do next. The results of the checklist
answered by the participants were transmitted and stored to the
learning management system of the real-time app. The stored
data were converted into graphics for use during nurse consul-
tations. Starting 3 months into the study, the nurse researcher
met with each participant every 3 months during their regular
outpatient visits to provide health counseling based on these
graphics.

The control group received the same educational leaflet on
healthy lifestyle at the baseline and brief lifestyle-related coun-
seling upon request. During routine outpatient visits every 3
months, participants also met with a nurse to complete study
questionnaires. At these visits, they were able to ask simple
questions, which were addressed with brief counseling.

Research variables

Health behaviors

With permission from the original author, we used Walker
et al’s Health-Promoting Lifestyle Profile [27], which had been
adapted for Korean elderly populations through translation and
back-translation [28]. The instrument consists of 25 items across
five subdomains: health responsibility (6 items), exercise (4
items), eating habits (7 items), stress management (5 items), and
no smoking (3 items). Each item is rated on a four-point self-report
Likert scale (1 = never to 4 = always). Total scores range from 25 to
100, with higher scores indicating better health behaviors. At the
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Figure 1. CONSORT flow diagram of the study.

time of development, the tool demonstrated a Cronbach a of .82
[27]. In the present study, Cronbach o was .92, with subscale values
ranging from .82 to .91.

Resilience

With permission from the original author, we used the resil-
ience tool developed by Shin [29] for patients with cardiovascular
disease. This self-report questionnaire consists of 25 items across
seven subdomains: supportive relationships (6 items), health
practice ability (4 items), control ability (5 items), positive attitude
(4 items), restoration beliefs (2 items), relationship with medical
staff (2 items), and confidence to overcome (2 items). Each item is
rated on a five-point Likert scale (1 = strongly disagree to
5 = strongly agree). Total scores range from 25 to 125, with higher

scores indicating greater resilience. The instrument showed a
Cronbach o of .84 at development [29]. In this study, Cronbach o
was .94, and subscale values ranged from .78 to .89.

Illness perception

The illness perception was assessed using the Brief Illness
Perception Questionnaire developed by Broadbent et al. [30],
which was modified and validated in Korean by Seong [31]. We
obtained permission from the author to use the tool. This tool
comprises eight items with three reverse-scored items, each
scored from O to 10. It ranges from O to 80; the higher the total
score, the more negative the illness perception (i.e., perceived as
threatening). At the time of development, the tool’s Cronbach o
was .73 [30], and in this study, Cronbach a was .70.
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Table 1 Contents of the Mobile App-based Self-Monitoring Intervention.

Category Self-monitoring using ‘With Your Heart’ app Nurse-led counseling
Weekly self-care behavior check Information for self-leaning & feedback
Pretest - Research enrollment

Pre-survey on research variables

Training on how to use the app

Intervention using the Monitoring health behavior using

Face-to-face education using an educational leaflet

Myocardial infarction &

Reminder text message sent every Sunday

smartphone app weekly checklist healthy life - Immediate text feedback by an animated nurse based
- Record any unusual changes in symptoms - Complications & prognosis on an algorithm that reflects the checklist results
of myocardial infarction - Telephone consultation when necessary on app use
- Hypertension & diabetes - Individual face-to-face counseling based on the result
Nurse-led - Heart failure of a self-checklist with graphic data during
consultation (2 times) - Dyslipidemia outpatient visits

Posttest
- Post-survey on research variables
- Gratitude for prior investigation and research cooperation

My vascular age

Helping participants identify their strengths and
barriers and encouraging healthy behaviors

Depression

Depression was measured using the Korean-validated version
of the Patient Health Questionnaire-9 [32], originally developed by
Kroenke et al. [33] This instrument consists of nine items scored on
a 4-point Likert scale: 0 (not at all), 1 (several days), 2 (more than
half the days), and 3 (nearly every day). The total score ranges from
0 to 27, with higher scores indicating more severe depressive
symptoms. Cronbach o was .89 in the original validation study [33]
and .91 in the present study.

Sociodemographic and clinical characteristics of participants

Sociodemographic characteristics collected through electronic
medical records and patient interviews included age, marital
status, education level, monthly income, occupation, and cohab-
itation status. Clinical characteristics included smoking status,
body mass index, comorbidities, past and family history of car-
diovascular disease, New York Heart Association (NYHA) class,
duration since MI diagnosis, presence of MI recurrence, and LVEF
values.

Data Collection Data collection was conducted at two univer-
sity hospitals in Seoul from August 2021 to August 2023. Cardi-
ologists were briefed on the study protocol and assisted with
patient registration. Eligible patients visiting the cardiology
outpatient department were screened and enrolled with cardiol-
ogist confirmation. Participants were informed about the volun-
tary nature of participation in the study and their right to
withdraw without consequences, and confidentiality was ensured.
Follow-up surveys at 3, 6, and 12 months were scheduled at fixed
intervals from each participant’s enrollment date. The first author,
a clinical nurse, administered baseline surveys. Research assistants
received training to enhance inter-rater reliability and conducted
follow-up surveys. To minimize bias, coding and statistical analysis
were performed by an independent research assistant and the
corresponding author, neither of whom were involved in data
collection.

Ethical consideration

This study was approved by the Institutional Review Board of
the Hanyang University Hospital (HYUH-2020-12-025-008). Par-
ticipants were informed of the study’s purpose and procedures,
provided written consent, and were assured they could withdraw
at any time without disadvantage. Personal information was
anonymized, used only for research purposes, and securely stored
with access restricted to the researcher.

Data analysis

Data were analyzed using SPSS/WIN version 24.0 (IBM Corp.,
Armonk, NY, USA). Missing data occurred due to participant
dropout during the follow-up period. Because repeated-measures
ANOVA requires complete data across all measurement occasions,
analyses were conducted using a per-protocol approach, including
only participants who completed all follow-up assessments. No
imputation methods were applied for missing data. The final
analyzed sample, therefore, consisted of 68 participants. Valid
participation in the smartphone app intervention was defined as
completion of more than two-thirds of the weekly checklist items;
only participants meeting this criterion were included in the per-
protocol analysis.

Descriptive statistics were used to summarize participants’
sociodemographic and clinical characteristics. Group differences
at the baseline were assessed using y tests or independent t tests,
with Fisher’s exact test applied when expected cell counts were
<5. Prior to conducting repeated-measures ANOVA, assumptions
of normality and homogeneity were evaluated for all dependent
variables. Normality was assessed using the Shapiro—Wilk test
(p > .05 for all variables), inspection of Q—Q plots, and evaluation
of skewness and kurtosis (absolute values < 2). Homogeneity of
variances was tested using Levene’s test, and sphericity was
assessed with Mauchly’s test. When the sphericity assumption was
violated, the Greenhouse—Geisser correction was applied. Hy-
potheses were tested using repeated-measures ANOVA to evaluate
group, time, and group x time interaction effects. When significant
effects were identified, post hoc comparisons were conducted us-
ing Bonferroni-adjusted significance levels to control for Type I
error. Independent t tests were additionally performed to compare
mean differences between groups at each time point. Statistical
significance was set at p < .05 (two-tailed).

Results
Participants’ characteristics and homogeneity test

During the 12-month study period, nine participants in the
experimental group (20.5%) and 11 participants in the control
group (25.0%) dropped out due to discontinuation of participation,
transfer to another hospital, worsening health condition, or invalid
participation. In the experimental group, two participants at 3
months, three at 6 months, and four at 12 months dropped out,
resulting in data from 35 participants being used in the final
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analysis. In the control group, two participants dropped out at 3
months, four at 6 months, five at 12 months, resulting in data from
33 participants being used in the final analysis (Figure 1).

At the baseline, the average age was 58.13 years (+8.52) in the
experimental group and 57.35 years (+9.63) in the control group.
Most participants were married and employed, and the majority
had at least a high school education. About a third were of NYHA
class Il or III, while over half were current smokers. Approximately
83.8% of participants were diagnosed with ST-segment elevation
myocardial infarction (STEMI), and 85.3% were first-time MI pa-
tients, with no significant difference between groups. At baseline,
the mean LVEF (%) was 43.4 (+6.50) in the experimental group and
45.7 (+4.90) in the control group; the difference was not statisti-
cally significant (t = —1.71, df = 66, p = .092). Overall, 78% of
participants had LVEF between 41-50% and 22% had LVEF <40%,
indicating mild-to-moderate left ventricular dysfunction with no
significant difference between the two groups (Table 2). No sig-
nificant differences were found in the research variables of health
behaviors, resilience, illness perception, and depression between
the groups, confirming their homogeneity (Table 3).

Effects of mobile app intervention

Results of the repeated-measures ANOVA on the four research
variables are summarized in Table 4. We examined differences
over time, between groups, and group x time interactions to test
the hypotheses. For health behaviors, a significant group x time
interaction was found (F = 10.24, p < .001), supporting the hy-
pothesis. In addition, there were significant main effects of time
(F=13.33,p <.001) and group (F = 5.17, p = .026). Post hoc t tests
showed that the experimental group scored significantly higher
than the control group at 3, 6, and 12 months (all p < .05). For
resilience, no significant group x time interaction was observed;
therefore, the hypothesis was not supported. A significant main
effect of group was found (F = 5.54, p = .022), indicating that the

Table 2 Homogeneity Test for Participant’s Characteristics.

experimental group reported higher resilience than the control
group across all time points. For illness perception, a significant
group x time interaction was observed (F = 3.15, p = .026), indi-
cating that changes over time differed between groups. Accord-
ingly, the hypothesis was supported. A significant main effect of
time was also found (F = 6.23, p <.001), whereas the main effect of
the group was not significant. Post hoc analyses revealed signifi-
cant between-group differences at 3 and 6 months (p < .05), fa-
voring the experimental group. For depression, scores in both
groups decreased over time (F = 3.55, p = .020). However, neither
the group x time interaction (F = 0.74, p = .513) nor the main effect
of group (F = 0.14, p = .708) was significant. Therefore, the hy-
pothesis for depression was not supported.

Discussion

In this study, we developed and evaluated a self-monitoring
smartphone app in collaboration with an app developer to
improve self-care in middle-aged men at risk for HF, validating its
efficacy over a 1-year period. We selected a smartphone app as the
intervention based on a systematic review of electronic device
effectiveness in obesity interventions, which found that apps were
particularly effective for men, who generally prefer self-
monitoring and individualized feedback [34]. The experimental
group self-monitored weekly using a checklist app, which
strengthened their self-reflection and motivation to practice
healthy behaviors. The app’s use of a checklist is simple but we
aimed to make healthy behavior a habit through repeated use
every week. Utilizing algorithm-based text messages, an animated
nurse provides individualized feedback, encouragement, and
learning resources. Compared to previously reported mobile
health interventions, our app demonstrates several distinctive
features. While many prior programs focused primarily on exer-
cise promotion [35] or short-term symptom monitoring [19], our
app adopted a broader scope, incorporating weekly self-reflection

Characteristics Categories Exp. (n = 35) Con. (n = 33) t/y? or Fisher p
M=+SD or n (%)

Age (yr) 58.0 + 8.5 573 +9.6 0.29 772

Marital status Married 21 (71.1) 24 (80.0) 0.72 574
Single/divorced 11 (28.9) 6 (20.0)

Education < Middle school 8(21.1) 6 (20.0) 0.31 949
High school 13 (34.2) 12 (40.0)
> College 17 (44.7) 12 (40.0)

Income (dollars) <4000/month 23 (60.5) 24 (80.0) 2.98 115
>4000/month 15 (39.5) 6 (20.0)

Job Yes 29 (76.3) 25 (83.3) 0.51 .556
No 9(23.7) 5(16.7)

Living together Alone 4(10.5) 3(10.0) 0.01 1.000
Spouse/children/family 34 (89.5) 27 (90.0)

NYHA class 1 26 (68.4) 20 (66.7) 0.03 1.000
1/ 12 (31.6) 10 (33.3)

Smoking None or ex-current 17 (44.7) 19 (63.3) 233 .149

21 (55.3) 11 (36.7)

Past history of CVD Yes 24 (63.2) 17 (56.7) 0.30 .625
No 17 (56.7) 13 (43.3)

Family history of CVD Yes 26 (68.4) 17 (56.7) 1.00 448
No 12 (31.6) 13 (43.3)

Diagnosis ST-elevation MI 30 (85.7) 27 (81.8) 0.01 1.000
Non-ST-elevation MI 5(14.3) 6(18.2)

MI type First-time 29 (82.9) 29 (87.9) 0.34 .559
Recurrent 6(17.1) 4(12.1)

LVEF at baseline M+SD 434+ 6.5 45.7 + 49 -1.71 .092
41-49% 28 (80.0) 27 (81.8) 0.04 .849
<40% 7 (20.0) 6(18.2)

Note. Cont = control; CVD = cardiovascular disease; Exp = experimental; LVEF = left ventricular ejection fraction on echocardiography; M = Mean; MI = myocardial

infarction; NYHA=New York Heart Association; SD = standard deviation.
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Table 3 Homogeneity on the Research Variables.

Characteristics Categories Exp. (n = 35) Con. (n = 33) t p
M=+SD M+SD

Health behavior (range 25~100) Total 61.26 + 14.37 65.53 + 14.08 -1.23 224
Health responsibility 15.11 = 4.01 16.23 + 3.89 -1.17 248
Exercise 9.66 + 3.22 10.27 = 3.72 -0.72 473
Eating habits 17.50 + 5.02 18.37 + 494 -0.71 479
Stress management 12.37 + 2.80 12.83 +3.34 —0.62 535
No smoking 6.63 = 3.11 7.83 + 3.66 -1.47 .148

Depression (range 0~27) 3.71 £ 5.05 4.10 + 4.93 -0.32 751

Illness perception (range 0~80) Total 39.55 + 8.12 39.43 + 9.35 0.06 955
Negative (5 items, 0~50) 28.39 + 8.21 28.00 + 9.24 0.19 .853
Positive (3 items, 0~30) 11.16 = 4.21 1143 + 443 -0.26 794

Resilience (range 25~125) Total 93.92 + 14.34 90.13 + 15.95 1.03 307
Supportive relationship 2245 + 4.14 21.90 + 4.76 0.51 .614
Health practice ability 13.18 + 4.28 12.63 + 3.29 0.59 .560
Control ability 18.87 = 3.22 17.67 = 3.68 1.43 .156
Positive attitude 15.47 + 2.67 14.90 + 3.32 0.79 432
Restoration belief 8.39+ 135 8.27 + 1.39 0.38 702
Relationship with staffs 8.11 + 147 7.77 £ 145 0.95 346
Confidence to overcome 7.45 +1.95 7.00 + 1.98 0.93 355

Note. Cont = control; Exp = experimental; M = mean; SD = standard deviation.

checklists across multiple lifestyle domains such as exercise, diet,
smoking cessation, stress management, and symptom monitoring.
During the participants’ outpatient visits every 3 months, a nurse
provided additional counseling and education based on the
checklist results. This approach was informed by a 1-year quali-
tative study using a mobile app to promote exercise after cardiac
rehabilitation, which found that individualized support from su-
pervisors was essential for improving adherence [36]. The app’s
integration with quarterly nurse counseling addressed the limi-
tation of many mobile programs that provided only automated
reminders without personalized professional support [33]. In
addition, the theoretical foundation in the IMB model differenti-
ates our program from apps that lacked explicit behavioral theory,
ensuring a systematic link between information provision, moti-
vation (illness perception and depression), behavioral skills (self-
monitoring), and outcomes (health behaviors, resilience). Future
improvements may include features like real-time interaction via
a chat function between nurses and patients.

The main results of hypothesis testing are discussed here. The
most notable finding was the significant group x time interaction
for health behaviors, demonstrating the sustained efficacy of the
intervention. Participants in the experimental group improved
consistently over 3, 6, and 12 months, whereas the control group
showed little change. Our findings are consistent with previous
app-based interventions that demonstrated favorable effects on
diet, physical activity, sedentary behavior, exercise capacity, and

glycemic control in patients with acute coronary syndrome [18].
They also align with evidence showing that patients’ exercise
performance significantly improved after receiving individualized
app-based exercise guidance for 1 year following cardiac rehabil-
itation [35]. Similarly, a 4-year multicenter trial of smartphone
apps in the United States reported that self-care significantly
improved compared with controls, resulting in a reduced risk of
readmission [37]. Together, these results reinforce the evidence
that mobile apps can effectively support lifestyle modification in
cardiovascular populations.

For illness perception, a significant group x time interaction
was observed, with negative illness perception decreasing in the
experimental group at 3 and 6 months, although the effect was not
sustained at 12 months. These findings are consistent with prior
evidence showing that structured education can improve patients’
understanding of their illness [11,12]. Recent reviews further
highlight the relevance of key mHealth intervention components.
A systematic review and meta-analysis in patients with coronary
heart disease reported improvements in medication adherence,
physical activity, exercise capacity, and psychosocial outcomes
with app-based interventions [20]. In addition, a scoping review
identified self-monitoring, tailored feedback, and educational
support as core components facilitating behavior change and
disease understanding in cardiovascular self-management [21].
Taken together, these findings suggest that app-based self-moni-
toring combined with individualized education may support more

Table 4 Effect of Mobile App-based Self-Monitoring Intervention on the Research Variables.

Variables Groups Pretest 3 months 6 months 12 months Source F(p)
M+SD
Health behaviors Exp. (n = 35) 62.53 + 13.63 74.58 + 9.61 75.81 + 8.90 7514 + 11.23 Group 5.17 (.026)
Cont. (n = 33) t(p) 65.53 + 14.08 65.17 + 13.14 66.80 + 13.86 66.97 + 14.58 Time 13.33 (<.001)
-1.23(0.22) 3.37 (<0.001) 3.22 (0.002) 2.70 (0.01) Group x time 10.24 (<.001)
Resilience Exp. (n = 35) 93.92 + 14.34 99.61 + 13.12 98.06 + 14.19 99.34 + 13.38 Group 5.54 (.022)
Cont. (n = 33) t(p) 90.13 + 15.95 90.53 + 14.36 91.20 + 15.83 89.90 + 15.62 Time 1.93 (.134)
1.03 (0.31) 2.72 (0.008) 1.88 (0.06) 2.68 (0.009) Group x time 1.69 (.177)
Illness perception Exp. (n = 35) 39.55 + 8.12 33.24 + 10.79 3250+ 11.24 34.03 + 847 Group 3.32(.073)
Cont. (n = 33) t(p) 39.43 +9.35 39.47 + 745 37.83 £9.37 36.10 + 11.09 Time 6.23 (<.001)
0.06 (0.06) —2.69 (0.009) —2.09 (0.04) -0.87 (0.39) Group x time 3.15 (.026)
Depression Exp. (n = 35) 3.71 £ 5.05 2.87 +4.09 2.63 + 3.16 3.00 + 4.31 Group 0.14 (.708)
Cont. (n = 33) t(p) 4.10 + 4.93 3.87 +3.75 257 +243 2.90 + 2.70 Time 3.55(.020)
—0.32 (0.75) —1.04 (0.30) 0.09 (0.92) 0.11 (0.91) Group x time 0.74 (.513)

Note. Cont = control; Exp = experimental; M = mean; SD = standard deviation.
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adaptive illness perceptions, particularly in the early post-MI
period. However, the attenuation of effects by 12 months in our
study highlights the need for sustained reinforcement, such as
real-time interactive counseling or adaptive educational modules.

For resilience, the group x time interaction was not significant
and the primary hypothesis was not supported. Although the
group x time interaction was non-significant, a significant main
effect indicated that resilience scores were consistently higher in
the experimental group across all time points. This suggests that
the app may have provided supportive benefits for resilience but
not in a time-dependent manner. This finding is consistent with
previous work, including a study in young adults after MI in which
a 3-month acceptance and commitment therapy program
improved resilience compared with controls [38]. In our study,
resilience may have been reinforced by regular self-monitoring
combined with nurse support, which could enhance participants’
sense of control and confidence. Since resilience is closely asso-
ciated with self-care and health-promoting behaviors in cardio-
vascular patients [15,16,39], regular assessment is warranted, and
further research should examine how mobile interventions can
improve resilience longitudinally. The absence of significant
interaction effects suggests that resilience may be a relatively
stable trait that requires more intensive or prolonged in-
terventions to achieve measurable time-dependent changes.

Lastly, depression levels declined over time in both groups but
neither the group x time interaction nor the main effect of group
was significant. This is consistent with a previous study in which a
one-year educational program for post-MI patients did not
significantly affect depression [40]. Most participants in our study
were employed, middle-aged men (mean age 58 years), who
initially reported higher distress due to shock and concern after MI
but appeared to adapt over time, leading to decreased depression
regardless of the intervention. Nevertheless, severe depression
after MI has been shown to hinder psychological recovery [41] and
self-care in cardiac rehabilitation [42]. These findings suggest that
lifestyle-focused mobile programs alone may be insufficient to
improve depression, highlighting the need to incorporate
specialized mental health interventions into future app-based
strategies.

Strengths and clinical implications

The main strength of this study is demonstrating the positive
impact of a theory-based, lifestyle-focused mobile self-monitoring
intervention on promoting healthy behaviors over a 1-year period.
The target population—middle-aged men, who account for nearly
half of Ml cases [43]—often face occupational stress and unhealthy
lifestyle habits. Given their long life expectancy and elevated risk
of HF progression (Stage B HF), continuous preventive care is
essential, particularly for those with persistent LVEF reduction
who do not receive specialized cardiac rehabilitation. Our findings
suggest that nurse-facilitated, smartphone-based self-monitoring
can motivate sustained self-care in this high-risk group. With its
feasibility, accessibility, and strong theoretical foundation, this
approach represents a practical and scalable strategy for outpa-
tient cardiovascular care.

Limitations

This study has several limitations. First, the generalizability of
the findings is restricted by the small, all-male Korean sample.
Second, although random allocation was performed, education
and counseling for the experimental group were delivered by the
researcher, which may have introduced bias due to lack of double
blinding. Third, the app was limited to android devices and

offered only basic interactive functions compared with more
advanced telehealth platforms. Fourth, outcomes were assessed
using self-report questionnaires, raising the possibility of
response bias, particularly because the same variables were
measured repeatedly at each time point. Fifth, although both
groups met with nurses during outpatient visits every 3 months
to complete study questionnaires and address brief questions, the
experimental group received more structured and sustained
attention through app-based monitoring and scheduled coun-
seling. This imbalance may have introduced attention bias,
potentially influencing psychological outcomes. Finally, the
dropout rate exceeded 20% over the 1-year follow-up, which may
have affected the results. Participants who dropped out were
excluded from the analysis without imputation, which may have
introduced attrition bias and affected the generalizability of the
results. Future studies should incorporate larger and more diverse
samples, objective outcomes such as biomarkers or wearable
data, and enhanced app features including real-time interaction
and psychological support modules.

Conclusion

Weekly With Your Heart app—based self-monitoring with
tailored feedback and nurse counseling significantly improved
health behaviors and reduced negative illness perception in
middle-aged post—MI men at risk for HF. Resilience was higher in
the experimental group overall, while depression decreased
similarly in both groups. These findings indicate that nurse-
facilitated, With Your Heart app—based self-monitoring is an
effective strategy for promoting lifestyle modification, and future
research should enhance interactive features and integrate psy-
chological support to sustain long-term effects.

Funding information

This work was supported by the National Research Foundation
of Korea (NRF) grant funded by the Korea government (MSIT) (No.
2020R1A2C1013497) to Seon Young Hwang, the corresponding
author.

Conflict of interest

All authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgments

We thank all study participants for their valuable time and the
cardiology departments of each hospital for their cooperation in
the study. Also, we would also like to express our gratitude to
Professor Jiyoung Kim, a statistical expert, for her invaluable
support.

References

1. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun ], Colvin MM, et al. 2022
AHA/ACC/HFSA guideline for the management of heart failure: a report of the
American college of cardiology/American heart association joint committee on
clinical practice guidelines. Circulation. 2022;145(18):e895—1032.
https://doi.org/10.1161/CIR.0000000000001063

2. The Korean Society of Heart Failure. Korean Heart Failure Fact Sheet 2022
[Internet]. Seoul: The Korean Society of Heart Failure; 2023 [cited 2023 Sep
15]. Available from: https://www.kshf.or.kr/heart/heart_04_04.php

3. Choi H, Seo JY, Shin ], Choi BY, Kim YM. A long-term incidence of heart failure
and predictors following newly developed acute myocardial infarction: a 10
years retrospective cohort study with Korean national health insurance data.


https://doi.org/10.1161/CIR.0000000000001063
https://www.kshf.or.kr/heart/heart_04_04.php

278

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

S.H. Kim et al. / Asian Nursing Research 20 (2026) 270—278

Int ] Environ Res Publ

10.3390/ijerph18126207

Health. 2021;18(12):6207. https://doi.org/

. Jenca D, Melenovsky V, Stehlik J, Stanék V, Kettner ], Kautzner ], et al. Heart

failure after myocardial infarction: incidence and predictors. ESC Heart Fail.
2021;8(1):222—37. https://doi.org/10.1002/ehf2.13144

. Kotseva K, De Backer G, De Bacquer D, Rydén L, Hoes A, Grobbee D, et al.

Lifestyle and impact on cardiovascular risk factor control in coronary patients
across 27 countries: results from the european society of cardiology ESC-EORP
EUROASPIRE V registry. Eur ] Prev Cardiol. 2019;26(8):824—35.
https://doi.org/10.1177/2047487318825350

. Zakeri MA, Khoshnood Z, Dehghan M, Abazari F. The effect of the continuous

care model on treatment adherence in patients with myocardial infarction: a
randomised controlled trial. ] Res Nurs. 2020;25(1):54—65.
https://doi.org/10.1177/1744987119890666

. Khalaf K, Johnell K, Austin PC, Tyden P, Midl6ov P, Perez-Vicente R, et al. Low

adherence to statin treatment during the 1st year after an acute myocardial
infarction is associated with increased 2nd-year mortality risk — an inverse
probability of treatment weighted study on 54872 patients. Eur Heart ] Cardiovasc
Pharmacother. 2021;7(2):141—7. https://doi.org/10.1093/ehjcvp/pvaa010

. Zhang N, Fa T. A systematic review and meta-analysis of lifestyle nursing in-

terventions for patients with cardiovascular disease. Ann Palliat Med.
2021;10(10):10425—-33. https://doi.org/10.21037/apm-21-2189

. Lee M, Kim DW, Park MW, Lee K, Chang K, Chung WS, et al. Gender diff-

erences in clinical outcomes of acute myocardial infarction undergoing
percutaneous coronary intervention: insights from the KAMIR-NIH registry.
J Geriatr Cardiol. 2020;17(11):680—93. https://doi.org/10.11909/j.issn.
1671-5411.2020.11.006

Shih JY, Chen ZC, Chang HY, Liu YW, Ho CH, Chang WT. Risks of age and sex on
clinical outcomes post myocardial infarction. Int ] Cardiol Heart Vasc.
2019;23:100350. https://doi.org/10.1016/j.ijcha.2019.100350

Ashour A, Al-Smadi A, Shajrawi A, Al-Rawashdeh S, Alshraifeen A, Abed M.
Changes in illness perception among patients’ undergoing percutaneous
coronary intervention. Heart Lung. 2020;49(6):836—41.
https://doi.org/10.1016/j.hrtlng.2020.08.026

Akbari AS, Cheraghi MA, Kazemnejad A, Nomali M, Zakerimoghadam M.
Effect of illness perception correction-based educational program on
quality of life and self-care in patients with heart failure: a randomized
controlled trial. ] Caring Sci. 2019;8(2):89—93.
https://doi.org/10.15171/jcs.2019.013

Jha MK, Qamar A, Vaduganathan M, Charney DS, Murrough JW. Screening and
management of depression in patients with cardiovascular disease: JACC
State-of-the-Art Review. ] Am Coll Cardiol. 2019;73(14):1827—45.
https://doi.org/10.1016/j.jacc.2019.01.041

Zou H, Chair SY, Zhang C, Bao A. Depressive and anxiety symptoms and illness
perception among patients with acute coronary syndrome. ] Adv Nurs.
2023;79(7):2632—42. https://doi.org/10.1111/jan. 15612

Park JW, Mealy R, Saldanha IJ, Loucks EB, Needham BL, Sims M, et al. Multi-
level resilience resources and cardiovascular disease in the United States: a
systematic review and meta-analysis. Health Psychol. 2022;41(4):278—90.
https://doi.org/10.1037/hea0001069

Jin Y, Bhattarai M, Kuo WC, Bratzke LC. Relationship between resilience and
self-care in people with chronic conditions: a systematic review and meta-
analysis. ] Clin Nurs. 2023;32(9—-10):2041-55.
https://doi.org/10.1111/jocn.16258

Vansimaeys C, Benamar L, Balagué C. Digital health and management of
chronic disease: a multimodal technologies typology. Int ] Health Plann
Manage. 2021;36(4):1107—-25. https://doi.org/10.1002/hpm.3161

Cruz-Cobo C, Bernal-Jiménez MA, Calle G, Gheorghe LL, Gutiérrez-Barrios A,
Canadas D, et al. Efficacy of a Mobile Health App (eMOTIVA) Regarding
Compliance With Cardiac Rehabilitation Guidelines in Patients With Coronary
Artery Disease: Randomized Controlled Clinical Trial. JMIR mHealth Uhealth.
2024;12:e55421. https://doi.org/10.2196/55421

Lee AYL, Wong AKC, Hung TTM, Yan ], Yang S. Nurse-led telehealth inter-
vention for rehabilitation (telerehabilitation) among community-dwelling
patients with chronic diseases: systematic review and meta-analysis. ] Med
Internet Res. 2022;24(11):e40364. https://doi.org/10.2196/40364

Widmer R], Collins NM, Collins CS, West CP, Lerman LO, Lerman A. Digital
health interventions for the prevention of cardiovascular disease: a systematic
review and meta-analysis. Mayo Clin Proc. 2015;90(4):469—80.
https://doi.org/10.1016/j.mayocp.2014.12.026

Cruz-Ramos NA, Alor-Hernandez G, Colombo-Mendoza LO, Sanchez-
Cervantes JL, Rodriguez-Mazahua L. mHealth apps for self-management of

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

cardiovascular diseases: a scoping review. Healthcare (Basel). 2022;10(2):322.
https://doi.org/10.3390/healthcare10020322

Fisher JD, Fisher WA. Changing AIDS-risk behavior. Psychol Bull. 1992;111(3):
455—74. https://doi.org/10.1037/0033-2909.111.3.455

Hwang SY, Kim ]S. Risk factor-tailored small group education for patients with
first-time acute coronary syndrome. Asian Nurs Res. 2015;9(4):291—7.
https://doi.org/10.1016/j.anr.2015.07.005

Kang H. Random allocation and dynamic allocation randomization. Anesth
Pain Med. 2017;12(3):201—-12. https://doi.org/10.17085/apm.2017.12.3.201
Kim MH, Chung EW, Lee DH. Cardiovascular diseases prevention and control
campaign. Cheongju: Korea Centers for Disease Control and Prevention. Public
Health Weekly Report. 2015;8:925—8.

Lynn MR. Determination and quantification of content validity. Nurs Res.
1986;35(6):382—5.

Walker SN, Sechrist KR, Pender NJ. The health-promoting lifestyle profile:
development and psychometric characteristics. Nurs Res. 1987;36(2):76—81.
https://doi.org/10.1097/00006199-198703000-00002

Song R, June KJ, Ro Y], Kim CG. Effects of motivation-enhancing program on
health behaviors, cardiovascular risk factors, and functional status for insti-
tutionalized elderly women. ] Korean Acad Nurs. 2001;31(5):858—70.
https://doi.org/10.4040/jkan.2001.31.5.858

Shin SJ. Development of a cardiovascular disease resilience scale. Korean ]
Adult Nurs. 2010;22(2):161-70.

Broadbent E, Petrie K], Main ], Weinman ]. The brief illness perception ques-
tionnaire. ] Psychosom Res. 2006;60(6):631—7. https://doi.org/10.1016/
j.jpsychores.2005.10.020

Seong YS, Lee YW. Relationship of illness perception, self-efficacy, and self-
care among pulmonary tuberculosis patients. Korean ] Adult Nurs.
2011;23(1):31-9.

Park SJ, Choi HR, Choi JH, Kim KW, Hong JP. Reliability and validity of the
Korean version of the patient health Questionnaire-9 (PHQ-9). Anxiety and
Mood. 2010;6:119—-24.

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief
depression severity measure. ] Gen Intern Med. 2001;16(9):606—13.
https://doi.org/10.1046/j.1525-1497.2001.016009606.x

Knowlden AP, Wilkerson AH, Dunlap KB, Stellefson M, Elijah OA. Systematic
review of electronically delivered behavioral obesity prevention in-
terventions targeting men. Obes Rev. 2022;23(9):e13456.
https://doi.org/10.1111/obr.13456

Lunde P, Bye A, Bergland A, Grimsmo ], Jarstad E, Nilsson BB. Long-term
follow-up with a smartphone application improves exercise capacity post
cardiac rehabilitation: a randomized controlled trial. Eur J Prev Cardiol.
2020;27(16):1782—92. https://doi.org/10.1177/2047487320905717

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;9(1):e34294. https://doi.org/10.2196/34294
Marvel FA, Spaulding EM, Lee MA, Yang WE, Demo R, Ding J, et al. Digital health
intervention in acute myocardial infarction. Circ Cardiovasc Qual Outcomes.
2021;14(7):e007741. https://doi.org/10.1161/CIRCOUTCOMES.121.007741
Cao J, Sun P, Zhang L, Chen X, Gui W, Ou A, et al. Effects of acceptance and
commitment therapy on self-management skills and psychological resilience
of young and middle-aged patients underwent percutaneous transluminal
coronary intervention for primary myocardial infarction: a pilot study. Trials.
2022;23(1):32. https://doi.org/10.1186/s13063-021-05923-0

Shin N, Kang Y. The relationships among health locus of control and resilience,
social support and health promoting behavior in patients with newly diag-
nosed coronary artery diseases. Korean ] Adult Nurs. 2015;27(3):294—303.
https://doi.org/10.7475/kjan.2015.27.3.294

Arantes EC, Dessotte CAM, Dantas RAS, Rossi LA, Furuya RK. Educational
program for coronary artery disease patients: results after one year. Rev Bras
Enferm. 2018;71(6):2938—44. https://doi.org/10.1590/0034-7167-2017-0280
Arabadjian M, Duberstein ZT, Sperber SH, Kaur K, Kalinowski ], Xia Y, et al.
Role of resilience in the psychological recovery of women with acute
myocardial infarction. ] Am Heart Assoc. 2023;12(8):e027092.
https://doi.org/10.1161/JAHA.122.027092

Zheng X, Zheng Y, Ma ], Zhang M, Zhang Y, Liu X, et al. Effect of exercise-based
cardiac rehabilitation on anxiety and depression in patients with myocardial
infarction: A systematic review and meta-analysis. Heart Lung. 2019;48(1):
1-7. https://doi.org/10.1016/j.hrtlng.2018.09.011

Cader FA, Banerjee S, Gulati M. Sex differences in acute coronary syndromes: a
global perspective. J Cardiovasc Dev Dis. 2022;9(8):239.
https://doi.org/10.3390/jcdd9080239.


https://doi.org/10.3390/ijerph18126207
https://doi.org/10.3390/ijerph18126207
https://doi.org/10.1002/ehf2.13144
https://doi.org/10.1177/2047487318825350
https://doi.org/10.1177/1744987119890666
https://doi.org/10.1093/ehjcvp/pvaa010
https://doi.org/10.21037/apm%2D21%2D2189
https://doi.org/10.11909/j.issn.1671%2D5411.2020.11.006
https://doi.org/10.11909/j.issn.1671%2D5411.2020.11.006
https://doi.org/10.1016/j.ijcha.2019.100350
https://doi.org/10.1016/j.hrtlng.2020.08.026
https://doi.org/10.15171/jcs.2019.013
https://doi.org/10.1016/j.jacc.2019.01.041
https://doi.org/10.1111/jan.15612
https://doi.org/10.1037/hea0001069
https://doi.org/10.1111/jocn.16258
https://doi.org/10.1002/hpm.3161
https://doi.org/10.2196/55421
https://doi.org/10.2196/40364
https://doi.org/10.1016/j.mayocp.2014.12.026
https://doi.org/10.3390/healthcare10020322
https://doi.org/10.1037/0033%2D2909.111.3.455
https://doi.org/10.1016/j.anr.2015.07.005
https://doi.org/10.17085/apm.2017.12.3.201
http://refhub.elsevier.com/S1976-1317(26)00009-5/sref25
http://refhub.elsevier.com/S1976-1317(26)00009-5/sref25
http://refhub.elsevier.com/S1976-1317(26)00009-5/sref25
http://refhub.elsevier.com/S1976-1317(26)00009-5/sref26
http://refhub.elsevier.com/S1976-1317(26)00009-5/sref26
https://doi.org/10.1097/00006199%2D198703000%2D00002
https://doi.org/10.4040/jkan.2001.31.5.858
http://refhub.elsevier.com/S1976-1317(26)00009-5/sref29
http://refhub.elsevier.com/S1976-1317(26)00009-5/sref29
https://doi.org/10.1016/j.jpsychores.2005.10.020
https://doi.org/10.1016/j.jpsychores.2005.10.020
http://refhub.elsevier.com/S1976-1317(26)00009-5/sref31
http://refhub.elsevier.com/S1976-1317(26)00009-5/sref31
http://refhub.elsevier.com/S1976-1317(26)00009-5/sref31
http://refhub.elsevier.com/S1976-1317(26)00009-5/sref32
http://refhub.elsevier.com/S1976-1317(26)00009-5/sref32
http://refhub.elsevier.com/S1976-1317(26)00009-5/sref32
https://doi.org/10.1046/j.1525%2D1497.2001.016009606.x
https://doi.org/10.1111/obr.13456
https://doi.org/10.1177/2047487320905717
https://doi.org/10.2196/34294
https://doi.org/10.1161/CIRCOUTCOMES.121.007741
https://doi.org/10.1186/s13063%2D021%2D05923%2D0
https://doi.org/10.7475/kjan.2015.27.3.294
https://doi.org/10.1590/0034%2D7167%2D2017%2D0280
https://doi.org/10.1161/JAHA.122.027092
https://doi.org/10.1016/j.hrtlng.2018.09.011
https://doi.org/10.3390/jcdd9080239

	Mobile App–based Self-monitoring of Health Behaviors in Middle-aged Men After Myocardial Infarction: A One-year Randomized  ...
	Introduction
	Methods
	Research design
	Research participants
	Research procedure
	Development of the ‘With Your Heart’ app
	Intervention of the app ‘With Your Heart’

	Research variables
	Health behaviors
	Resilience
	Illness perception
	Depression
	Sociodemographic and clinical characteristics of participants

	Ethical consideration
	Data analysis

	Results
	Participants’ characteristics and homogeneity test
	Effects of mobile app intervention

	Discussion
	Strengths and clinical implications
	Limitations

	Conclusion
	Funding information
	Conflict of interest
	Acknowledgments
	References


