JOURNAL OF MEDICAL INTERNET RESEARCH Son et &

Original Paper

Development and Evaluation of a Patient—Family Caregiver Dyad
mHealth Intervention for Heart Failure Self-Care:
Quasi-Experimental Study

Youn-Jung Son*, RN, PhD; Ji Yeon Choi?, RN, PhD; Hyue Mee Kim?, MD, M'S; Hoyoun Won®, MD, PhD; Jong-Chan
Youn®*, MD, PhD; Sang-Wook Kim®, MD, PhD; Wang-Soo Lee®, MD, PhD; Jun Hwan Cho®, MD, MS; Kyung-Taek
Park®, MD, MS; Joonhwa Hong®, MD, PhD; Da-Young Kim’, RN, MSN

IRed Cross College of Nursing, Chung-Ang University, Seoul, Republic of Korea

>Mo-Im Kim Nursi ng Research Ingtitute, Yonsei University College of Nursing, Yonsei University Institute for Innovation in Digital Healthcare, Seoul,
Republic of Korea

3Division of Cardiol ogy, Chung-Ang University Hospital, Chung-Ang University College of Medicine, Seoul, Republic of Korea

“Division of Cardiol ogy, Department of Internal Medicine, Seoul St. Mary’sHospital, Catholic Research I nstitute for Intractable Cardiovascul ar Disease,
The Catholic University of Korea, Seoul, Republic of Korea

SDivision of Cardiology, Chung-Ang University Gwangmyeong Hospital and Department of Internal Medicine, Chung-Ang University College of
Medicine, Gwangmyeong, Republic of Korea

6Department of Thoracic and Cardiovascular Surgery, Chung-Ang University Hospital, Chung-Ang University College of Medicine, Seoul, Republic
of Korea

"Graduate School of Nurs ng, Chung-Ang University, Seoul, Republic of Korea

Corresponding Author:
DaYoung Kim, RN, MSN
Graduate School of Nursing
Chung-Ang University

84 Heukseok ro, Dongjak-gu
Seoul, 06974

Republic of Korea

Phone: 82 2 820 5198

Email: dayo2316@gmail.com

Abstract

Background: A patient—family caregiver dyad approach is necessary to improve adherence to self-care behaviors by patients
with heart failure (HF). However, there is a lack of mobile health (mHealth) interventions that engage both patients and their
family caregivers to promote HF self-care.

Objective: The purpose of this quasi-experimental study was to devel op and confirm the feasibility and effectiveness of a novel
mHealth intervention based on patient—family caregiver dyads for promoting adherence to self-care by patients with HF.

Methods: We developed a dyadic mHealth program with 2 main features: a basic feature app and an interactive text-based
chatbot. Theintervention group (35 of 70 HF patient—family caregiver dyads, 50%) underwent a dyadic mHealth program for 24
weeks, while the control group (35 of 70 dyads; 50%) received usual care. Adherence to self-care behaviors, family caregivers
contributionsto self-care behaviors, and health-related quality of life were evaluated. Datawere collected using self-administered
guestionnaires at baseline and a 1 month, 3 months, and 6 months post enrollment. The outcomes were analyzed using
intention-to-treat analysis.

Results: Theintervention group had significantly better adherence to self-care behaviors (3=4.68, 95% CI 0.99-8.37) and family
caregivers contributions to self-care behaviors (=8.76, 95% Cl 4.63-12.88) over 6 months compared with the control group.
The 6-month follow-up health-related quality of life scoresfor patients (3=0.07, 95% CI 0.00-0.13) and family caregivers (3=0.08,
95% CI 0.03-0.13) were significantly greater in the intervention group than in the control group. The 1-month follow-up disease
knowledge scores for patients (f=0.16, 95% CI 0.03-0.29) and family caregivers (3=0.12, 95% CI 0.00-0.25) were significantly
greater in the intervention group than in the control group. The intervention also had a significant effect on mutuality at the
1-month follow-up for patients (3=0.11, 95% CI 0.00-0.21) and family caregivers (3=0.15, 95% CI 0.01-0.30). However, health
literacy was significantly higher in the intervention group than in the control group only for patients at 1 month (3=0.14, 95%
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Cl 0.04-0.25). The intervention had no significant effects on depressive symptoms, social support with patient and family
caregivers, and caregiver burden with family caregivers.

Conclusions: Thisstudy found that the dyadic mHealth intervention was beneficial for improving patients’ adherenceto self-care
behaviors and family caregivers' contributions to self-care behaviors by providing information and mativation and improving
health-related quality of life for patients with HF and family caregivers. Further studies should confirm the generalizability,

feasibility, and long-term health outcomes of this intervention.
Trial Registration:

(J Med Internet Res 2025;27:€74922) doi: 10.2196/74922

Clinical Research Information Service (CRIS) KCT0008786; https://tinyurl.com/3684ur4r
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Introduction

The proportion of individual swith heart failure (HF) is expected
to risewith an aging popul ation and advancementsin diagnostics
and therapeutics [1]. For HF, the readmission rate within 6
monthsisas high as50% [ 1], contributing to high mortality and
health care costs [2]. To improve patient outcomes, adequate
self-care behaviors (eg, taking medication, limiting sodium
intake, monitoring symptoms, managing exacerbations, and
maintaining regular exercise) are essential for effective HF
management [2,3]. Good adherence to self-care can prevent
adverse events, including readmission after hospital discharge
and mortality [4,5]. However, arecent systematic review of 39
empirical studies revealed that many people with HF struggle
with adhering to self-care behaviors [4]. Nonadherence to HF
self-care behaviors can lead to impairmentsin physical function
caused by worsening symptoms, cognitive decline, and
multimorbidity [2,3].

Family caregivers are essentia for encouraging active patient
involvement in their self-care [6,7]. Consequently, developing
interventionsthat foster collaboration between patients and their
family caregivers could enhance optimal HF self-care [5].
Existing evidence has shown that HF self-care interventions
rarely incorporate patient preferences and family support [7].
Although family members often assist with day-to-day
self-management, they have been largely excluded from most
past interventions for HF self-care[7].

Self-care behaviors in chronic conditions are a dyadic coping
process in which the self-care behaviors of patients with HF
and their caregivers closely impact one another [5]. A report
from the American Heart Association in 2020 stressed the
significance of family caregiving for HF management,
advocating for a dyadic approach over patient-only or family
caregiver—centered models to enhance in clinical practice [7].
Collaborative efforts between patients and caregivers may
strengthen patients self-care abilities while reducing the
physical and psychological burden on family caregivers [5].
Unfortunately, a systematic review by Buck et a [8] found
limited evidence supporting dyadic interventionsfor promoting
HF self-care. The study found inconsistent HF self-care
outcomes for dyadic interventions, with interventions that did
not consider dyadic variablesthat may influence self-care, such
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as mutuality, limited to a few countries or not based on a
theoretical framework [8].

Notably, mobile health (mHealth) interventions areincreasingly
used to support HF self-care behaviors regardless of time or
place [9]. Evidence suggests that mHealth technologies can
boost confidence with medication adherence, self-care
behaviors, and lifestyle modifications [9,10]. Furthermore, a
study reported that the use of mHealth technology to improve
adherence to self-care behaviors resulted in reduced mortality
and HF-associated readmissions [10]. However, existing
mHealth apps for supporting HF self-care typically deliver
unidirectional information, such as reminders or one-way
communication, with short follow-up periods [9]. Some
interactive mHealth apps use phone callsor SM S text messages,
but these are typically confined to one-time conversations[9,11].

According to the Information-Motivation-Behavioral Skills
(IMB) model [12], acquiring enough behavior-specific
information can stimulate motivation and help build the skills
needed to engage in targeted health behaviors. If individuals
are well-informed, they will likely be motivated to initiate
healthy behaviors. Health literacy refers to the process of
evaluating an individual’s ability to analyze, interpret, and utilize
hedlth information, going beyond just reading and understanding
materials, to make informed decisions [10]. mHealth
interventionsthat consider users' health literacy levels can help
patients and their families access health information and make
treatment decisions [11]. These interventions can also improve
health literacy levels by providing accessto health information
anytime through a common interface, enabling the acquisition
of desired health knowledge[10,11]. Therefore, previous studies
have emphasized that health literacy should be considered when
devel oping mHealth interventions to overcome barriers related
to technology and enhance patients' self-care abilities [10,11].

Previous studies regarding HF self-care have shown that
mHealth interventions have primarily focused on patients with
HF only or have not considered the user’s health literacy [9,13].
Therefore, mHealth interventions should be developed using a
dyadic approach for better HF self-care considering health
literacy. This study aimed to develop a dyadic mHealth
intervention based on the IMB model to promote HF self-care
behaviors and evaluate the effects on health outcomes for both
patients and family caregivers at 6 months.
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Methods

Study Design

This quasi-experimental study involved 2 steps. First, adyadic
mHeal th intervention was devel oped for HF self-care behaviors.
Second, our study was performed to demonstrate the
effectiveness of dyadic mHealth interventions.

Study Setting and Sample

We recruited individuals with HF and their family caregivers
(HF dyads) from a tertiary care hospital in Seoul, Koresa,
between October 2023 and April 2024.

Theinclusion criteriafor patients with HF were asfollows: (1)
patients aged 18 years or older, (2) HF diagnosis by a
cardiologist at least 6 months prior, and (3) HF symptoms
according to New York Heart Association class Il or I11. For
family caregivers, the inclusion criteria were as follows: (1)
individuals aged 18 years or older and (2) a primary caregiver
who talks with the patient about the patient’s health condition
at least twice per month and regularly helps with at least one
aspect of the patient’s care (eg, medications, symptom
monitoring, clinic appointments).

The exclusion criteria for HF patient—family caregiver dyads
were as follows: (1) inability to understand spoken or written
Korean; (2) not owning or not knowing how to properly use a
mobile phone compatible with the Android operating system,;
and (3) being diagnosed with severe mental health conditions,
dementia, or complex conditions such asrenal failure or terminal
cance.

The sample size calculation was conducted using G* Power
3.1.9.7. A sample size of 128 (64 in each group; 32 dyads) was
calculated a priori. An effect size of 0.25 was identified, with
adesired power of 0.8 (2-tailed a=.05) on all patients and their
caregivers outcomes, assessed at 6 months post intervention.
Considering an estimated attrition rate of 10%, 35 dyads were
recruited for each group.

The Dyadic mHealth Program

Our dyadic mHealth intervention for HF self-care was designed
for patientswith HF and family caregiver dyads. We performed
an extensive literature review of dyadic research and HF
self-care[2,5]. Based on our previous research on the Welcome
to interactive text messaging for improving HF self-care unified
supporters (WITHUS) program for patients, which was
developed to promote self-care by patientswith HF [11,14], we
provided feedback on the health data they entered and offered
information on stress management, created online peer support
groups, and developed an mHealth app for family caregivers.

The dyadic mHealth program comprises a basic app with the
program’skey features and a chatbot app. The basic app allowed
patientsand family caregiverstoinput their statusand symptoms
through button-based selections. The basic app (derived from
the IMB model) for patientsand their family caregiversincluded
the following: disease and treatment information, information
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about a healthy diet and skills for stress management, weekly
individualized goal setting, visualization of individual
accomplishments based on goal achievements (blooming
sunflower, ranking system), recording of self-care behaviors,
writing a mood diary for managing depressive symptoms,
interactive text messages using chatbots, peer groupswith other
patients and family caregivers, communication with research
assistant nurses via voice calls, visualization and tracking of
physiological (blood pressure, pulserate, and body weight) and
behavioral health data entered by the participant, personalized
feedback based on inputted health data, and notificationsto take
medication and for hospital follow-up visits (Table 1). The
patient-specific app included symptom monitoring, low-sodium
diet and water restriction, blood pressure checks, and sending
records of self-care behaviors to family caregivers. The family
caregiver—specific app included diet, checking the health data
inputted by patients, and sending notices or remindersto patients
to encourage their self-care.

The chatbot app used precomposed scenarios to encourage and
support dyadic HF self-care behaviors. The chatbot app used a
rule-based system that provided responses based on a fixed
conversation flow triggered by receiving prescripted text
messages and selecting from predetermined response options.
The chatbot scenarios were developed by researchers, and a
cardiologist who is part of the research team validated the
content by reviewing the scenarios. This structure was chosen
to ensure clarity, consistency, and ease of use for older adults
and caregivers, and it did not involve generative nor machine
learning—based features. M essages on the chatbot app included
encouragement for goal setting, information provision, and
reminders. Messages were sent by the chatbot app 3 times per
week for 24 weeksto patients and family caregivers. Thedetails
of the app screenshots are presented in Multimedia Appendix
1

The intervention group was provided with the 24-week dyadic
WITHUS program. After obtaining informed consent and
conducting the baseline assessment, each patient—family
caregiver dyad was asked to install the dyadic mHealth app on
their individual mobile phones and sign in using the newly
created participant accounts. The accounts of patients and their
family caregivers were linked through their individual phone
numbers. Subsequently, trained research assistants provided an
in-person session that involved demonstrations regarding how
to use the dyadic mHealth app via a 5-minute video clip and
leaflet. Participants were instructed to contact the research
assistant via a phone call or the messaging function in the app
if they had any questions or required assistance while using the
app. Two research assistants monitored and responded to
guestions or requests from the participants in real time via a
web dashboard accessible only to the research assistant.
Research assistants used a structured protocol for intervention
delivery and problem-solving to maintain intervention fidelity.

Patients or family caregiversin the control group received usual
care only.
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Table 1. Components and outcome measures of dyadic mobile health (mHedlth) interventions for heart failure self-care using the
Information-Motivation-Behavioral Skills (IMB) model.
IMB model and components of the dyadic mHealth intervention Study participants ~ Outcome measures
Information
Disease and treatment 3] cb Both: health literacy
Healthy diet and stress management skills PC Both: disease knowledge
Motivation (personal)
Individualized goal setting PC Both: socia support
Visudization for individual accomplishmentsbased on goal achievements P, C Both: mutuality
Recording self-care behaviors PC _c
Writing amood diary for managing depressive symptoms RPC Both: depressive symptoms
I nteractive text message using a chatbot PC —
M otivation (social)
Peer group with other patients and family caregivers PC —
Communication with research assistant nurses via voice calls RPC —
Behavioral skills
Visualization and tracking physiological and behavioral health data RPC Patients: self-care behaviors; family caregivers:
contributions to self-care behaviors and care-
giver burden; both: health-related quality of
life
Personalized feedback based on inputted health data P C Petients: self-care behaviors; family caregivers:
contributions to self-care behaviors and care-
giver burden; both: health-related quality of
life
Notifications to take medication and attend hospital follow-up visits P C Petients: self-care behaviors; family caregivers:
contributions to self-care behaviors and care-
giver burden; both: health-related quality of
life
Checking patients' inputted health data C Family caregivers: contributions to self-care
behaviorsand caregiver burden, health-related
quality of life
Sending notice or reminders to patients to encourage their self-care C Family caregivers. contributions to self-care

behaviorsand caregiver burden, health-related
quality of life

p: patients.
be: family caregivers.
®Not applicable.

M easur ements

General Characteristics

Information on patients’ sociodemographic characteristics and
clinical information were collected. In addition, information on
caregivers general characteristics including their relationship
with the patient, time spent caregiving for the patient, and hours
of care provided per week were collected through a self-reported
survey. The dyadic care type was assessed using a single
question [15], which was asked to best describe whether the
patient's self-care was managed by the patient or family
caregiver (individually oriented dyadic type) or whether the
patient and family performed self-caretogether or complemented
each other’s self-carein different areas (collaboratively oriented
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dyadictype). Theviewsof the patient and family were classified
as “incongruent” if they disagreed.

Patients Self-Care Behaviors

We used the European Heart Failure Self-Care Behavior Scale
(EHFScBS-9) developed by Jaarsma et a [16]. Son and Won
[17] evaluated the reliability and validity of the Korean version
of the EHFScBS-9 with Korean patients with HF. The scale
consists of 9 questions. Each item is given a score from 1 (not
at al) to 5 (very much so). The overall score ranges from 9 to
45. Higher scores indicate greater levels of self-care behavior.
For this study, the Cronbach a was 0.76 to 0.88.

Family Caregivers Contributionsto Self-Care Behaviors

To measure the self-care behaviors of family caregivers of
patients with HF, we used the EHFScBS-Caregiver version
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(EHFScBS-C) developed by Durante et a [18]. The EHFScBS-C
wastrandated to Korean using forward and backward trand ation
and linguistically validated by the authors. This 9-item tool
measures the same self-care behaviors as the patient version,
with each item asking the extent to which the family isinvolved
in the patient’s care. The total score range is 0 to 45. Higher
scores indicate family caregivers active involvement with
helping with adherence to self-care behaviors by patients with
HF. The Cronbach a was 0.82 to 0.91 in this study.

Health-Related Quality of Life

The Korean version of the 5-level EuroQol 5-dimensional
guestionnaire was adopted to evaluate health-related quality of
life (HRQOL) [19]. This scale includes 5 domains: usual
activities, mobhility, self-care, pain or discomfort, and anxiety
or depression. Each domain has 5 response levels. According
to this tool, the closer the index is to 1, the more satisfied a
person iswith their HRQOL.

Health Literacy

We used the Brief Health Literacy Screener to evaluate health
literacy [20]. It consists of 3 items with a 5-point scale (0-4).
The total score rangeis 0 to 12, with greater scores indicating
higher health literacy. The reliability for the Korean version
was a Cronbach a value of 0.82[21]. The Cronbach a was 0.91
to 0.96 for patients and 0.85 to 0.94 for family caregiversin
this study.

Disease Knowledge

We used the Korean version of the Patient Knowledge
Questionnaire devel oped by Son and Song [21]. Thisinstrument
was initially developed by Lainscak and Keber [22]. The
instrument comprises 10 questions. Each question can be
answered with a“yes’ or “no” response, with 1 point given for
each correct answer. Thetotal score rangesfrom 0to 10. Higher
scores indicate greater HF knowledge. When trandlating the
Korean version of the Patient Knowledge Questionnaire,
reliability according to the Kuder-Richardson 20 was 0.80[21].
Inthisstudy, reliability calculated through the Kuder-Richardson
20 was 0.58 to 0.83 for patients and 0.62 to 0.84 for family
caregivers.

Depressive Symptoms

We used the Korean version of the Patient Health
Questionnaire-9 [23,24]. Thisinstrument comprises 9 questions
measured on a 4-point scale (0 for “never” to 3 for “amost
every day”). Higher scores indicate more severe depressive
symptoms. The Cronbach a for patients and family caregivers
in this study was 0.63 to 0.82 and 0.71 to 0.89, respectively.

Social Support

We adopted the Korean version of the ENRICHD Socia Support
Instrument [25]. Thisinstrument was developed by Mitchell et
al [26]. Thistool includes 7 items with a 5-point Likert scale.
Higher scores indicate greater social support; the overall score
ranges from 8 to 34. The reliability of the tool at the time of
development was a Cronbach a of 0.86 [26]. In the study by Jo
et a [25] with Korean patients with HF, the Cronbach a was
0.96. In this study, the Cronbach o was 0.86 to 0.95 for patients
and 0.84 to 0.90 for family caregivers.
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Son et al

Mutuality

Mutuality is defined as “the quality of a positive association
between the patient and caregiver” [27]. We used a mutuality
scale[27], which wastranslated and backtranslated into Korean
by our team. The content validity was confirmed. Each item
was assessed on a 5-point Likert scale (0="not at all” to 4="a
great deal”). The mean score, calculated by averaging all 15
items, ranges from 0 to 4, with higher scores indicating better
overall mutuality. The Cronbach a at the time of devel opment
was 0.91 for patients and 0.94 for caregivers[27]. In this study,
the Cronbach a was 0.97 to 0.98 for patients and 0.96 to 0.98
for family caregivers.

Caregiver Burden

We used the Heart Failure Caregiver Questionnaire devel oped
by Stromberg et a [28]. The tool was trandated and
backtrand ated into Korean by our research team, and its content
validity was confirmed. The tool comprises 21 questions, and
eachitemisgiven ascorefrom1 (not at all) to 5 (alot). Overall
scores range from 0 to 100. Higher scores indicate a higher
subjective burden associated with caregiving. The Cronbach a
was 0.86 to 0.95 in this study.

Assessment of the Usability of the Dyadic mHealth
I ntervention

To test the usability of the app, we used the Mobile Application
Rating Scale user version developed by Stoyanov et al [29].
Thistool served asaquality assessment for health-related apps
in the experimenta group during the 6-month follow-up. The
overal app quality score comprises 16 items divided into 4
subscales (ie, engagement, functionality, aesthetics, and
information). Each item was assessed on a5-point scaleranging
from 1 to 5, with a higher rating reflecting better app quality.
The internal consistency reported by the development study
was a Cronbach a of 0.90 [29]. In this study, the Cronbach a
was 0.85 for patients and 0.82 for family caregivers.
Furthermore, we monitored the time patients and family
caregivers spent on each feature of the app each week through
the web dashboard. We also tracked the number of clicks to
send patients’ inputted health data to the family caregivers’ app
or that of family caregivers to identify patients’ input health
data

Study Procedure

We recruited the experimental group after recruiting the control
group to prevent contamination. Cardiologists who were
members of the research team conducted the initial screening
and provided alist of potential patients. Two research assi stants
screened the patients and contacted their family caregivers,
either in person or by phone, to assess their eligibility.

This study used asingle-blind design: participants (patients and
their family caregivers) and cardiologists were blinded to the
group assignments, whereas the research assistants responsible
for intervention delivery and data collection were not. We
collected data at 4 time points: (1) an in-person baseline
assessment conducted immediately after enrollment and before
the intervention began and (2) three follow-ups at 1, 3, and 6
months postenrollment, completed either in person or via
telephone, based on the participant’s preference. Patients with
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HF and family caregiver dyads compl eted surveysindependently
in separate rooms. Patients' clinical information was obtained
from electronic medical records.

Ethical Consider ations

For this study, ethical approval was obtained from the
Ingtitutional Review Board of Chung-Ang University (number
1041078-20230520-HR-140). All participants provided written
informed consent before data collection and the intervention.
Participant datawere anonymized and deidentified. Participants
were provided with ablood pressure monitor and salinity meter
as compensation for their participation.

Data Analysis

Statistical analyses were undertaken using SPSS Statistics for
Windows (version 28.0; IBM Corp). Using the Shapiro-Wilk
test, the normality of continuous variables was evaluated.
Participant characteristics were reported using descriptive
statistics. To evaluate homogeneity of baseline measures
between the groups, we conducted independent-samplest tests,
Mann-Whitney U tests, chi-square tests, and Fisher exact tests.
The effectiveness of the intervention was tested using
generalized estimating equations (GEES). The analyses used a
first-order autoregressive structure assuming that the responses
at each time point were influenced by adjacent points. An
intenti on-to-treat analysis was conducted to mitigate the impact
of participant dropout. Missing data were not imputed because
the GEE assumes random missing values, and baseline data
were available for all participants [30]. A P value <.05 was
considered statistically significant.

Results

Sample Characteristics

A total of 129 patientswith HF were enrolled. Of these, 37 were
excluded because of the absence of a caregiver (n=5), of the
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lack of maobile phone ownership (n=2), or they declined to
participate (n=30). After caregiver involvement was assessed,
92 dyads were further screened. Of these, 22 were excluded
because a caregiver had a history of psychiatric illness (n=1)
or declined to participate (n=21). A total of 70 dyads were
included (intervention group: 35 dyads; control group: 35

dyads).

Retention rates varied across follow-up assessments. In the
intervention group, attrition occurred because of patients
declining to participate (3 dyads), hospital transfer (1 dyad),
and loss to follow-up (1 dyad), with 30 dyads remaining at the
6-month follow-up. In the control group, dropouts were due to
declining participation (4 dyads), loss to follow-up (1 dyad),
and patient death (1 dyad), leaving 29 dyads at 6 months.
Degpite attrition, an intention-to-treat analysis was conducted,
including all initially enrolled dyads (35 dyads per group; see
Multimedia Appendix 2).

Table 2 presents the baseline characteristics of the 70 dyads.
The mean age of patients was 70.67 (SD 11.48) years, while
the mean age of family caregiverswas 59.34 (SD 14.38) years.
The majority of patients were men (n=45, 64%), whereas most
family caregiverswere women (n=53, 76%). Family caregivers
were primarily spouses (n=44, 63%), and a high number of
caregivers lived with the patient (n=58, 83%). Regarding the
dyadic caretype, only 29% (n=20) of the dyads collaboratively
engaged in self-care behaviors. The average scoresfor self-care
behavior were 28.06 (SD 6.69) for patientsand 27.73 (SD 9.04)
for family caregivers. Regarding HRQOL, patients averaged a
scoreof 0.90 (SD 0.11), and family caregivers averaged a score
of 0.92 (SD 0.10). There was no significant difference in
baseline characteristics between the 2 groups.
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Table 2. Homogeneity of baseline characteristics between the intervention and control groups (70 dyads).

Categories Petients Family caregivers
Intervention Control group  Statistic Pvaue Intervention Control group  Statistic P value
group (n=35) (n=35) (df) group (n=35) (n=35) (df)
Age (years), mean (SD) 6949(172)  7186(215 _ngg(eg)? -39 6203(184)  56.66(286) 15g(eg)2 -12
Gender, n (%) 0.06 (1)b .80 38 (1)b .051
Men 23 (66) 22 (63) 5(14) 12 (34)
Women 12 (34) 13(37) 30 (86) 23 (66)
Education level, n (%) 0.08 (2)b .96 02 (2)b .88
Below middle school 12 (34) 13 (37) 7(20) 8(23)
High school 11 (31) 11 (31) 15 (43) 13(37)
Above college 12 (34) 11 (31) 13 (37) 14 (40)
Employed, n (%) 0.2 (1)b .63 0.06 (1)b .81
Yes 15 (43) 13(37) 19 (54) 18 (51)
No 20 (57) 22 (63) 16 (46) 17 (49)
Monthly income (W), n (%) 39(n° 048 001()° =299
<2,000,000 18 (51) 26 (74) 20 (57) 20 (57)
>2,000,000 17 (49) 9(26) 15 (43) 15 (43)
Time since HFY diagnosis (years), n (%) 1.0(2)° 60
<1 6 (17) 9 (26) _e — —
1-3 6 (17) 4(11) — — —
>3 23 (66) 22 (63) — — —
NYHA' class 02(n° 83
I 16 (46) 18 (51) — — —
1 19 (54) 17 (49) — — —
Relationship with patient, n (%) 2.199 43
Spouse — — — — 25 (71) 19 (54)
Child — — — — 7 (20) 11(31)
Siblings and parents — — — — 3(9 5014
Living with patient, n (%) 16 (1)° 21
Yes — — — — 31(89) 27 (77)
No — — — — 4(12) 8(23)
Duration of caregiving (years), n (%) 23(2)° 32
<1 — — — — 8(23) 10 (29)
1-3 — — — - 5(14) 9(26)
>3 — — — — 22 (63) 16 (46)
Time spent in caregiving (hour s’week), n (%) 76(3)° .05
<7 — — — — 13(37) 4(11)
814 — — — — 7(20) 13(37)
15-26 — — — — 6(17) 10 (29)
=27 — — — — 9(26) 8(23)
Dyadic caretype, n (%) 33(2)° 19
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Categories Patients Family caregivers
Intervention Control group Statistic Pvalue Intervention Control group Statistic P value
group (n=35) (n=35) (df) group (n=35) (n=35) (df)
Individually oriented 16 (46) 17 (49) — — —
Collaboratively oriented 13 (37) 7(20) — — —
Incongruent 6 (17) 11 (31) — — —

Outcome variables, mean (SD)

Health literacy 8.37 (3.06) 8.06 (2.96) 0.88" .38 9.17 (2.42) 9.09 (2.31) 0.23" .82
Disease knowledge 6.06 (2.36) 5.20 (2.15) 1.59 (68)a 12 6.80 (2.18) 5.86 (2.39) 1.62 (68)a A1
Depressive symptoms 3.43(3.56) 3.34(3.47) 027" .82 3.43(3.56) 2.00 (2.66) 186" .06
Social support 29.00 (5.17) 2891(5.66) (16" .87 30.20 (4.40) 30.20(4.46) _go1h .99
Mutuality 2.76 (0.87) 2.55(0.99) 0.83" 41 2.55(0.79) 2.27 (0.97) 1.35" .18
Self-care behaviors 27.26 (6.81) 28.86(6.55) _1.00 (68)2 32 — — — —
Contribution to self-care — — — — 26.46 (10.51) 29.00(7.21) _118 (68)2 .24
behaviors
Caregiver burden — — — — 18.32 (15.34) 1354 (11.70) gg7" .33
Health-related quality of ~ 0.90 (0.11) 0.90 (0.10) 0.34" 74 0.89 (0.11) 0.94 (0.09) _1.80" .07
life

% test.

ba currency exchange rate of W1300=US $1 is applicable.

CChi-square test.

9HF: heart failure.

®Not applicable.

'NYHA: New York Heart Association.

9YFisher exact test.

Ly ann-Whitney U test.

. . months ($=4.68, 95% ClI 0.99-8.37; P=.01; Table 3). The
EffefCt of a Dyale: mHea!th Intervention on Outcome intervention group had significantly greater improvements in
Variablesfor Patients With HF patients HRQOL scores at the 6-month follow-up (8=0.07,
The GEE analysisrevealed that participantsin the intervention  95% CI 0.00-0.13; P=.049) than the control group. However,
group had a significantly greater increase in patients’ self-care  these differences were not significant at the 1-month (3=0.02,
behaviors from baseline at al follow-up time points, compared  95% Cl —0.01 to 0.04; P=.15) and 3-month (B=0.05, 95% CI
with the control group: 1 month ($=5.29, 95% CI 1.18-8.76; —0.01 to 0.10; P=.10) follow-ups.

P=.003), 3 months (=4.77, 95% Cl 1.26-8.29; P=.008), and 6
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Table 3. Effectiveness of dyadic mobile health (mHealth) interventions among patients with heart failure.

Outcome variables  Intervention
and measurement group, mean Control group,
time point (SD) mean (SD) Group effect? Time effect” Group x time effect®
B(95%Cl) Pvalue B (95% CI) P value 3 (95% ClI) P value
Health literacy 0.03(-0.12 .66
t0 0.18)
Baseline 8.37(3.06) 8.06(2.96) Reference _d Reference —
1-month fol- 9.51(2.88) 7.80(2.47) -0.03(-0.10t0 .42 0.14 (0.04 to .008
low-up 0.04) 0.25)
3-month fol- 891(290) 9.24(3.87) 0.12 (0.02to .02 -0.08(-0.22t0 .26
low-up 0.23) 0.06)
6-month fol- 840(292) 8.74(3.16) 0.04 (-0.06t0 .43 -0.05(-0.19t0 .45
low-up 0.15) 0.08)
Disease knowledge 0.13(-0.03 .11
t0 0.29)
Baseline 6.06 (2.36) 5.20(2.15) Reference — Reference —
1-month fol- 7.46 (2.74) 5.31(2.23) 0.02(-0.08t0 .70 0.16 (0.03to .01
low-up 0.11) 0.29)
3-month fol- 8.30(2.60) 6.76(2.72) 0.22(0.10to .001 0.04 (-0.12to .62
low-up 0.35) 0.19)
6-month fol- 857 (2.46) 7.23(2.73) 0.27(0.14to <.001 0.0(-0.15t0 >.99
low-up 0.40) 0.15)
Depressive symptoms 0.02(-035 .92
t0 0.39)
Baseline 343(356) 3.34(3.47) Reference — Reference —
1-month fol- 129(1.69) 1.89(2.01) -0.41(-0.64t0 .001 -0.25(-060t0 .15
low-up -0.18) 0.10)
3-month fol- 1.79(2.65) 2.56(4.03) -0.21(-0.58t0 .27 —-0.26 (-0.8t0 .35
low-up 0.16) 0.28)
6-month fol- 143(1.85) 2.35(3.25) -0.26 (-0.62t0 .15 -0.30(-0.78t0 .21
low-up 0.09) 0.17)
Social support 0.00 (-0.08 .95
to 0.09)
Baseline 29.00 (5.17) 28.91(5.66) Reference — Reference —
1-month fol- 30.54 (4.75) 29.97 (5.60) 0.04 (-0.02t0 .18 0.02 (-0.06 to .68
low-up 0.09) 0.09)
3-month fol- 30.24 (5.95) 28.21(7.32) -0.02(-0.11t0 .63 0.07 (-0.04 to 21
low-up 0.07) 0.17)
6-month fol- 29.20 (5.06) 28.32(6.26) -0.03(-0.12t0 .47 0.03 (-0.08 to 54
low-up 0.05) 0.14)
Mutuality 0.08(-0.09 .35
t0 0.24)
Baseline 2.76 (0.87) 2.55(0.99) Reference — Reference —
1-month fol- 3.10(0.77) 2.57(0.92) 0.01(-0.08t0 .86 0.11 (0.00to .04
low-up 0.09) 0.21)
3-month fol- 3.26 (0.80) 2.53(0.86) -0.01(-0.13t0 .83 0.16 (0.02 to .03
low-up 0.11) 0.31)
6-month fol- 3.08(0.78) 2.56(0.86) 0.00(-0.11t0 .98 0.09 (-0.05to 22
low-up 0.11) 0.22)
Self-care behaviors -1.60(4.69 .31
to 1.49)
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Outcome variables  Intervention

and measurement group, mean Control group,

time point (SD) mean (SD) Group effect? Time effect” Group x time effect®

B(95%Cl) Pvalue B (95% CI) P value B (95% ClI) P value

Baseline 27.26 (6.81) 28.86 (6.55) Reference — Reference —
1-month fol- 32.89(6.97) 29.20 (6.08) 034 (-1.75t0 .75 5.29 (1.81to .003
low-up 2.43) 8.76)
3-month fol- 35.85(6.61) 32.71(7.90) 3.82(2.07to <.001 477 (1.26 10 .008
low-up 5.57) 8.29)
6-month fol- 34.40(6.11) 31.42(5.90) 2.31(0.23t0 .03 4.68 (0.99t0 .01
low-up 4.39) 8.37)

Health-related quality of life 0.00 (-0.06 .87

to 0.05)

Baseline 0.90(0.11) 0.90(0.20) Reference — Reference —
1-month fol- 0.90(0.11) 0.89(0.12) -0.02(-0.04t0 .15 0.02 (-0.01to .15
low-up 0.01) 0.04)
3-month fol- 0.93(0.12) 0.88(0.14) -0.03(-0.07to .24 0.05 (-0.01to .10
low-up 0.02) 0.10)
6-month fol- 0.94(0.08) 0.88(0.15) -0.03(-0.07t0 .31 0.07 (0.00to .049
low-up 0.02) 0.13)

8Reference: control group.

PReference: basdline time.

CReference: control group x baseline time.
INot applicable.

For health literacy and disease knowledge, the intervention
group had a significantly greater increase from baseline than
the control group, but only at the 1-month follow-up (health
literacy: 3=0.14, 95% CI 0.04-0.25; P=.008; disease knowledge:
[3=0.16, 95% CI 0.03-0.29; P=.01). Similarly, the intervention
group had a significantly greater increase in mutuality from
baseline to 1 month ($=0.11, 95% CI 0.00-0.21; P=.04) and 3
months (3=0.16, 95% CI 0.02-0.31; P=.03). In contrast, the 2
groups were not significantly different in terms of symptoms
of depression nor social support.

https://www.jmir.org/2025/1/€74922
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Effect of the Dyadic mHealth I ntervention on Outcome
Variablesfor Family Caregivers

The effects of the intervention among family caregivers are
presented in Table 4. Individuals in the intervention group had
significantly greater improvements in their contribution to
self-care behaviors from baseline to 1 month (=3.53, 95% ClI
0.23-6.84; P=.04), 3 months (3=9.35, 95% CI 4.83-13.88;
P<.001), and 6 months (3=8.76, 95% Cl 4.63-12.88; P<.001)
compared with the control group. In addition, for HRQOL, the
intervention group had asignificantly greater improvement than
the control group from baseline to 6 months (3=0.08, 95% ClI
0.03-0.13; P=.001).
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Intervention
Outcome group, mean  Control group,
varigbles  Time (SD) mean (SD) Group effect® Time effect” Group x time effect®
B (95% CI) P value B (95% CI) P value B(95%Cl) Pvaue
Health literacy 0.01(-0.11to .88
0.13)
Baseline 9.17 (2.42) 9.09 (2.31) Reference _d Reference  —
1-monthfol- 9.88 (2.11) 9.00 (1.90) 0.00(-0.07to0 .97 0.08(-0.01 .08
low-up 0.07) t00.17)
3-monthfol- 10.18 (2.44)  11.10(1.66) 0.20 (0.13to <.001 -0.10(-0.21 .09
low-up 0.27) t0 0.01)
6-month fol- 9.93 (1.71) 9.83(2.39) 0.08 (0.00to .05 -0.02(-0.14 .70
low-up 0.16) t0 0.09)
Disease knowledge 0.15(-0.02to .08
0.32)
Basdline 6.80 (2.18) 5.86 (2.39) Reference — Reference —
1-monthfol- 7.29 (2.42) 5.41(2.34) -0.05(-0.16to0 .40 0.12(0.00to .048
low-up 0.06) 0.25)
3-monthfol- 7.91(2.04) 7.42(1.88) 0.25(0.12to <.001 -0.11(-0.26 .19
low-up 0.38) t0 0.05)
6-month fol- 8.34 (1.86) 7.17 (1.95) 0.21(0.08to .002 -0.04(-0.20 .68
low-up 0.34) t0 0.13)
Depressive symptoms 0.39(0.00to .51
0.78)
Basdline 3.43 (3.56) 2.00 (2.66) Reference — Reference —
1-monthfol- 2.21(3.19) 1.13(1.58) -0.36 (-0.59to0 .002 0.03(-0.31 .86
low-up -0.13) t0 0.38)
3-month fol-  1.45 (2.09) 0.84 (1.27) -0.49 (-0.81to .003 -0.11(-0.56 .63
low-up -0.17) t0 0.34)
6-monthfol- 1.72 (2.42) 1.28 (3.05) -0.27 (-0.79to0 .32 -0.21(-0.85 .52
low-up 0.25) t0 0.43)
Social support 0.00 (-0.07to =.99
0.07)
Basdline 30.20 (4.40)  30.20 (4.46) Reference — Reference —
1-monthfol- 29.94(5.09)  30.53 (4.61) 0.01(-0.04t0 .64 -0.02(-0.11 .59
low-up 0.07) t0 0.06)
3-monthfol- 29.76 (4.24)  29.03 (4.44) -0.04 (-0.11to .24 0.03(-0.06 .55
low-up 0.03) t00.12)
6-monthfol- 29.93(3.69) 28.31(4.74) -0.06 (-0.12to .02 0.06 (-0.02 .14
low-up -0.01) t0 0.13)
Mutuality 0.12 (-0.06to .18
0.29)
Basdline 2.55 (0.79) 2.27 (0.97) Reference — Reference —
1-monthfol- 2.86 (0.91) 2.19(0.59) -0.04 (-0.16to0 .52 0.15(0.01to .04
low-up 0.08) 0.30)
3-month fol- 3.15 (0.76) 2.92(0.67) 0.25(0.11to <.001 -0.03(-0.20 .72
low-up 0.38) t0 0.14)
6-month fol- 3.08 (0.71) 2.70 (0.68) 0.17 (0.06 to .003 0.01(-015 .87
low-up 0.29) t00.17)

Contribution to self-care behaviors

—254(-67t0 .23
1.62)
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Intervention
Outcome group, mean  Control group,
varigbles  Time (SD) mean (SD) Group effect® Time effect” Group x time effect®
B (95% CI) P value B (95% ClI) P value B(95%Cl) Pvaue
Baseline 26.46 (10.51) 29.00(7.21) Reference — Reference  —
1-monthfol- 30.21(8.47)  29.63(6.16) 0.32(-1.68t0 .76 353(0.23to .04
low-up 2.31) 6.84)
3-monthfol- 32.03(7.19) 25.55(9.87) -359-7.15t0 .048 9.35(4.83, <.001
low-up -0.03) 13.88)
6-monthfol- 30.24 (5.94)  24.45 (6.66) -4.45 (-7.03to .001 8.76 (4.63t0 <.001
low-up -1.86) 12.88)
Caregiver burden 0.28 (-0.08t0 .13
0.65)
Basdline 18.32 (15.34) 13.54(11.70) Reference — Reference —
1-monthfol- 11.10(12.29) 6.09 (3.14) -0.72(-0.96t0 <.001 0.24(-0.12 .19
low-up -0.47) t0 0.61)
3-monthfol- 11.29 (17.73) 6.57 (10.69) -0.66 (-1.22t0 .02 0.19(-055 .61
low-up -0.10) t0 0.94)
6-month fol- 11.72 (14.90) 10.86 (14.01) -0.20(-0.60to .35 -0.18(-0.75 .55
low-up 0.21) t0 0.40)
Health-related quality of life -0.05(-0.10 .07
to 0.00)
Baseline 0.89 (0.11) 0.94 (0.09) Reference — Reference  —
1-monthfol- 0.94 (0.08) 0.95 (0.09) 0.02(-0.01to0 .22 0.03(-0.010 .18
low-up 0.04) t0 0.08)
3-month fol-  0.94 (0.08) 0.96 (0.10) 0.02(-0.02to0 .30 0.04(-0.02 .25
low-up 0.06) t0 0.10)
6-month fol- 0.97 (0.07) 0.93 (0.09) 0.00(-0.04t0 .80 0.08 (0.03to .001
low-up 0.03) 0.13)

@Reference: control group.

bReference: basdline time.

CReference: control group x baseline time.
dNot applicable.

For disease knowledge, participants in the intervention group
had significantly greater improvements than the control group
from baseline but only at 1 month (=0.12, 95% CI 0.00-0.25;
P=.048). Similarly, the intervention group had a significantly
greater increase in mutuality than the control group from
baseline to 1 month (B=0.15, 95% CI 0.01-0.30; P=.04).
However, no significant differences were found between the
intervention and control groupsin health literacy, symptoms of
depression, social support, hor caregiver burden.

Usability of the Intervention

The usability evaluation of the dyadic WITHUS program is
presented in Multimedia Appendix 3. The median scores for
overal app quality from patients and family caregivers were
2.6 (IQR 2.5-2.7) and 3.9 (IQR 3.9-4.0), respectively. Among
the app quality subscales, patients rated functionality highest
(median 4.4, 1QR 4.3-4.5), whereas family caregivers rated
information the highest (median 4.3, IQR 4.3-4.3). For the
subjective app quality subscales, the median overall rating scores
were 4.0 (IQR 3.3-4.0) for patients and 3.0 (IQR 3.0-4.0) for
caregivers. On the perceived impact subscale, patients (median

https://www.jmir.org/2025/1/€74922

45, IQR 4.0-5.0) and family caregivers (median 4.0, IQR
4.0-4.3) rated behavioral change as having the highest impact.

On average, patients used the app for 79.05 (SD 10.23) minutes
per week, while family caregivers used it for 69.50 (SD 10.85)
minutes per week. Patients and family caregivers spent the most
time on blood pressure monitoring, followed by stress
management (Multimedia Appendix 4). Interaction data
(Multimedia Appendix 4) showed that patients most frequently
shared medication and blood pressure records with their family
caregivers. Conversaly, family caregivers most often checked
the patients’ salt and water intake records, followed by symptom
monitoring and stress management.

Discussion

Principal Findings

This is one of the first studies to estimate the feasibility and
effectiveness of an IMB model—based HF patient—family
caregiver dyad mHealth intervention by emphasizing patients
and family caregivers' engagement in HF self-care. Our novel
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dyadic mHeadth intervention resulted in significant
enhancements in self-care behaviors and HRQOL of both
patients with HF and their family caregivers. Furthermore, the
intervention significantly improved patients' health literacy,
disease knowledge, and mutuality, aswell asfamily caregivers
disease knowledge and mutuality. These findings underscore
the significance of dyadic engagement in fostering self-care at
home for patients with HF.

Our dyadic mHedth intervention (WITHUS) program
demonstrated a significant impact on patients self-care
behaviors and improvements in HRQOL. Our results are
congistent with those of systematic reviews on a patient-oriented
mHealth intervention [31] and dyadic intervention [32]. In this
study, a dyadic approach resulted in smaller increases in
patients' self-care behavior performance scores over 6 months.
Considering patients with HF are typically older and may face
aging-related physical and cognitive limitations, family
engagement ispivota for better self-care. Therefore, an mHealth
intervention specifically designed for older patients with HF
may be more suitable for improving their self-care levels and
subsequent health outcomes. Further research should examine
the impact of diverse mHealth intervention designs on older
patients with HF to ensure that dyadic mHealth interventions
aretailored to their needs.

A significant effect of the program was observed for improving
family caregivers contributions to self-care behaviors,
consistent with findings from a motivational interview
intervention for HF patients [33]. However, this study found a
significant difference between the control and experimental
groups, whereas Locatelli et a [33] did not report such an effect.
This discrepancy may be due to differences in the intervention
and evaluation methods. Our study used an mHealth intervention
with personalized continuous feedback, whereas Locatelli et a
[33] used a motivational interviewing technique that relied on
face-to-face interactions. mHealth interventions may be more
effective at enhancing caregivers self-care behaviors because
they eliminate the time and location constraints typical of
face-to-face interventions, alowing for more frequent
participation. Furthermore, the app enabled the monitoring of
patients self-care, which can positively influence caregivers
contributions to self-care behaviors.

Our dyadic mHealth intervention demonstrated a positive effect
on family caregivers HRQOL at the 6-month follow-up. This
result was similar to that of a study of a psychoeducational
intervention for cancer patient—family caregiver dyads, which
also reported improvements in HRQOL post intervention [34].
Patient-caregiver dyad interventions may improve heath
outcomes for both, maximize health care efficiency, reduce
resource consumption, and yield long-term cost savings [8].
Specifically, mHealth interventions may reduce the barriers of
timeand spacefound in traditiona dyadicinterventions, offering
amore accessible approach. Future research should assess the
cost-effectiveness of mHealth interventions for patient—family
caregiver dyadswithin the health care system to determine their
potential for conserving resources and reducing long-term health
care costs.

https://www.jmir.org/2025/1/€74922
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Regarding health literacy and disease knowledge, the
intervention significantly improved these variables for patients
and family caregivers but only at the 1-month follow-up. This
isconsistent with therapid increase in health literacy and disease
knowledge scores observed in aprior study [32]. When it comes
to disease knowledge, our study revealed no significant
differences between the 2 groups at both 3 months and 6 months
post intervention among family caregivers. This may be dueto
the testing effect, in which the control group participants
improved their knowledge through repeated surveys. We also
found no statistically significant difference in health literacy
among family caregivers. This could be explained by caregivers
initial health literacy (mean score 9.13 at baseline). According
to a systematic review on mHealth and health literacy [10],
mHealth interventions tend to improve health literacy most
significantly among individuals with low educationa or health
literacy levels.

Our dyadic mHealth intervention did not significantly affect
social support for patients with HF or their family caregivers,
which contrastswith the findings of ameta-analysisthat reported
improvements in social support for caregivers of patients with
HF through dyad-targeted interventions [32]. However, the
program significantly improved the mutuality between patients
with HF and their family caregivers, aligning with a study that
found that a psychoeducational intervention for patients with
stroke and their caregivers positively improved their dyadic
relationships [35]. The dyadic WITHUS program aims to
enhance patients self-care and increase family caregiver
involvement, which islikely to improve the mutuality between
them. Since the dyadic WITHUS program primarily aims to
enhance patients self-care and increase family caregiver
involvement, improvement in the mutuality was expected, while
broader social support may be beyond its scope. However, it
remains unclear whether mutuality had a significant impact on
self-care behaviors by patients with HF, family caregivers
contributions to self-care behaviors, and HRQOL for patients
with HF and family caregivers. Therefore, we suggest that future
research should examine whether mutuality between patients
with HF and family caregivers affects self-care behaviors and
HRQOL.

Limitations

First, this study adopted a quasi-experimental design, which
has inherent limitations. This design can carry the risk of
selection and reporting biases. In addition, research assistants
delivering interventions and collecting data were not blinded,
which carriestherisk of observer bias and potentia performance
bias. Second, respondent fatigue can be induced by measuring
multiple variables at multiple pointsin time, which can lead to
nonresponse bias, potentially lower quality data, and dropouts.
Therefore, future studies with randomized controlled trial
designs are needed to reevaluate the effects of the intervention
on certain variables for patients and family caregivers. Third,
more than 50% of the caregivers in our sample had been
providing care for a patient with HF for more than 3 years,
whereas more than one-half spent less than 20 hours per week
on caregiving, an expected duration for individual swith chronic
illnesses. Consequently, these caregivers likely developed
established routines and became accustomed to specific
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caregiving tasks, which may have reduced their responsiveness
to changes. This, in turn, could have limited the impact of the
intervention on behavioral patterns. Therefore, more clinical
trials are required to confirm the effectiveness of our dyadic
mHealth intervention in HF patient-caregiver dyads. Fourth, as
social support extends beyond the patient-caregiver relationship
to broader social networks, the program may be limited. Online
interactionswith peer groupsthrough the app primarily involved
information sharing, which may not provide the sustained
emotional social support found in traditional interventions. To
address this limitation, future research should explore hybrid
approaches that combine online and offline interventions, such
as community-based support groups and in-person meetings,
to foster stronger social support networks. Finally, our dyadic
mHealth intervention did not demonstrate long-term
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effectiveness. Future research should explore strategies to
maintain engagement beyond the intervention period to ensure
long-term benefitswith more diverse demographicsand varying
levels of health literacy.

Conclusion

The dyadic mHealth intervention for HF self-care improved
patients adherence to self-care behaviors, family caregivers
contributions to patients' self-care behaviors, and HRQOL of
the HF dyads. In addition, our intervention had a beneficial
effect on improving disease knowledge and mutuality of HF
dyads. Future research should assess the long-term effectiveness
of a dyadic mHealth intervention with larger and diverse
populations. More studies are required to explore the
psychosocial outcomes of integrating online and offline dyadic
mHealth interventions for better HF self-care.

This research was supported by the National Research Foundation of Korea grant funded by the Korean government (Ministry
of Science and ICT; numbers 2021R1A2C2004406 and RS-2025-00562535).

Data Availability

The data that support the findings of this study are available from the corresponding author upon reasonable request.

Authors Contributions

All authors made a significant contribution to the described works, sufficient to warrant being listed within the authorship list,
and wereinvolved in the drafting and development of this final manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Patient and family caregiver interactions within dyadic WITHUS.

[DOC File, 559 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Flow chart of this study.
[DOC File, 158 KB-Multimedia Appendix 2]

Multimedia Appendix 3

User version of the Mobile Application Rating Scale (UMARS) scores after a 24-week intervention.

[DOC File, 52 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Usage time and number of clicks by featuresin dyadic WITHUS.

[DOC File, 221 KB-Multimedia Appendix 4]

References

1. Savarese G, Becher PM, Lund LH, Seferovic P, Rosano GMC, Coats AJS. Global burden of heart failure: acomprehensive
and updated review of epidemiology. Cardiovasc Res. Jan 18, 2023;118(17):3272-3287. [doi: 10.1093/cvr/cvac013]

[Medline: 35150240]

2. McDonagh TA, MetraM, Adamo M, Gardner RS, Baumbach A, Béhm M, et a. ESC Scientific Document Group. 2021
ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J. Sep 21,

2021;42(36):3599-3726. [FREE Full text] [doi: 10.1093/eurheartj/ehab368] [Medline; 34447992]

https://www.jmir.org/2025/1/€74922

JMed Internet Res 2025 | vol. 27 | €74922 | p. 14
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v27i1e74922_app1.doc&filename=d59093059a2a00684c823d0e54bf4037.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e74922_app1.doc&filename=d59093059a2a00684c823d0e54bf4037.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e74922_app2.doc&filename=b243cc86db01f878436e5a3d906bbf21.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e74922_app2.doc&filename=b243cc86db01f878436e5a3d906bbf21.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e74922_app3.doc&filename=9bcf846551fad25c1d75531492bb5ae9.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e74922_app3.doc&filename=9bcf846551fad25c1d75531492bb5ae9.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e74922_app4.doc&filename=a92eea3698c061a3d4041d3f3f9f760a.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e74922_app4.doc&filename=a92eea3698c061a3d4041d3f3f9f760a.doc
http://dx.doi.org/10.1093/cvr/cvac013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35150240&dopt=Abstract
https://hdl.handle.net/2268/290864
http://dx.doi.org/10.1093/eurheartj/ehab368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34447992&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Son et &

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

JaarsmaT, Hill L, Bayes-GenisA, LaRoccaHB, Castiello T, Celutkiene J, et al. Self-care of heart failure patients: practical
management recommendations from the Heart Failure Association of the European Society of Cardiology. Eur JHeart Fail.
Jan 2021;23(1):157-174. [FREE Full text] [doi: 10.1002/ejhf.2008] [Medline: 32945600]

Aghajanloo A, Negarandeh R, Janani L, Tanha K, Hoseini-Esfidarjani S-S. Self-care status in patients with heart failure:
systematic review and meta-analysis. Nurs Open. Oct 23, 2021;8(5):2235-2248. [FREE Full text] [doi: 10.1002/nop2.805]
[Medline: 33619877]

LyonsKS, Lee CS. The theory of dyadic illness management. J Fam Nurs. Mar 2018;24(1):8-28. [EREE Full text] [doi:
10.1177/1074840717745669] [Medline: 29353528]

Buck HG, Harkness K, Wion R, Carroll SL, Cosman T, Kaasalainen S, et al. Caregivers' contributions to heart failure
self-care: asystematic review. Eur JCardiovasc Nurs. Mar 2015;14(1):79-89. [doi: 10.1177/1474515113518434] [Medline:
24399843]

Kitko L, Mcllvennan CK, Bidwell JT, Dionne-Odom JN, Dunlay SM, LewisLM, et al. American Heart Association Council
on Cardiovascular and Stroke Nursing; Council on Quality of CareOutcomes Research; Council on Clinical Cardiology;
Council on Lifestyle and Cardiometabolic Health. Family caregiving for individualswith heart failure: a scientific statement
from the American Heart Association. Circulation. Jul 02, 2020;141(22):e864-e378. [FREE Full text] [doi:
10.1161/CIR.0000000000000768] [Medline: 32349542]

Buck HG, Stromberg A, Chung ML, Donovan KA, Harkness K, Howard AM, et a. A systematic review of heart failure
dyadic self-care interventions focusing on intervention components, contexts, and outcomes. Int J Nurs Stud. Jan
2018;77:232-242. [FREE Full text] [doi: 10.1016/}.ijnurstu.2017.10.007] [Medline: 29128777]

Kitsiou S, Vatani H, Paré G, Gerber BS, Buchholz SW, Kansal MM, et a. Effectiveness of mobile health technology
interventionsfor patientswith heart failure: systematic review and meta-analysis. Can J Cardiol. Aug 2021;37(8):1248-1259.
[doi: 10.1016/j.cjca.2021.02.015] [Medline: 33667616]

LinY, Lou M. Effects of mHealth-based interventions on health literacy and related factors: a systematic review. J Nurs
Manag. May 2021;29(3):385-394. [doi: 10.1111/jonm.13175] [Medline: 33040429]

Son'Y, Kim S, Lee W, Won H, Cho JH, Hong J, et al. The effects of a 24-week interactive text message-based mobile
health intervention for enhancing self-care behaviours of patientswith heart failure: aquasi-experimental study. Nurs Open.
Oct 2023;10(9):6309-6319. [FREE Full text] [doi: 10.1002/nop2.1878] [Medline: 37313589]

Fisher JD, Fisher WA, Amico KR, Harman JJ. An information-motivation-behavioral skills model of adherence to
antiretroviral therapy. Health Psychol. Jul 2006;25(4):462-473. [doi: 10.1037/0278-6133.25.4.462] [Medline: 16846321]
Fernadndez-Gutiérrez M, Bas-Sarmiento P, Jesis Marin-Paz A, Castro-Yuste C, Sdnchez-Sanchez E, Herndndez-Encuentra
E, et al. Self-management in heart failure using mHealth: a content validation. Int JMed Inform. Mar 2023;171:104986.
[FREE Full text] [doi: 10.1016/].ijmedinf.2023.104986] [Medline: 36638582]

Son 'Y, Kim EY. The effectiveness and usability of a novel mobile phone-based self-care intervention for patients with
heart failure: a mixed-methods pilot study. Eur J Cardiovasc Nurs. May 12, 2023;22(3):254-263. [doi:
10.1093/eurjcn/zvac077] [Medline: 35997293]

Buck HG, Kitko L, Hupcey JE. Dyadic heart failure care types: qualitative evidence for anovel typology. J Cardiovasc
Nurs. 2013;28(6):E37-E46. [FREE Full text] [doi: 10.1097/JCN.0b013e31827fccAc] [Medline: 23388704]

Jaarsma T, Arestedt KF, Martensson J, Dracup K, Strémberg A. The European Heart Failure Self-care Behaviour scale
revised into a nine-item scale (EHFScB-9): areliable and valid international instrument. Eur J Heart Fail. Jan
2009;11(1):99-105. [FREE Full text] [doi: 10.1093/eurjhf/hfn007] [Medline: 19147463]

Son'Y, Won MH. Psychometric validation of the Korean Version of the 9-Item European Heart Failure Self-Care Behaviour
Scale. Eval Health Prof. Mar 2020;43(1):33-40. [doi: 10.1177/0163278718817946] [Medline: 30541358]

Durante A, De MariaM, Boyne J, Jaarsma T, Juarez-Vela R, Stromberg A, et a. Development and psychometric testing
of the European Heart Failure Self-Care behaviour scale caregiver version (EHFScB-C). Patient Educ Couns. Aug
2021;104(8):2106-2111. [FREE Full text] [doi: 10.1016/j.pec.2021.01.013] [Medline: 33516593]

Kim S, Ahn J, Ock M, Shin S, Park J, Luo N, et al. The EQ-5D-5L valuation study in Korea. Qual Life Res. Jul
2016;25(7):1845-1852. [doi: 10.1007/s11136-015-1205-2] [Medline: 26961008]

Chew LD, Griffin M, Partin MR, Noorbaloochi S, Grill JP, Snyder A, et a. Validation of screening questions for limited
health literacy in alarge VA outpatient population. J Gen Intern Med. May 2008;23(5):561-566. [FREE Full text] [doi:
10.1007/s11606-008-0520-5] [Medline: 18335281]

Son 'Y, Song E. Impact of health literacy on disease-related knowledge and adherence to self-care in patients with
hypertension. Journal of Korean Academy of Fundamentals of Nursing. Feb 28, 2012;19(1):6-15. [doi:
10.7739/jkafn.2012.19.1.006]

Lainscak M, Keber 1. Validation of self assessment patient knowledge questionnaire for heart failure patients. Eur J
Cardiovasc Nurs. Dec 2005;4(4):269-272. [doi: 10.1016/j.ejcnurse.2005.04.010] [Medline: 15936987]

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

https://www.jmir.org/2025/1/€74922 JMed Internet Res 2025 | vol. 27 | €74922 | p. 15

(page number not for citation purposes)


https://europepmc.org/abstract/MED/32945600
http://dx.doi.org/10.1002/ejhf.2008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32945600&dopt=Abstract
https://europepmc.org/abstract/MED/33619877
http://dx.doi.org/10.1002/nop2.805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33619877&dopt=Abstract
https://escholarship.org/uc/item/qt7mw4479v
http://dx.doi.org/10.1177/1074840717745669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29353528&dopt=Abstract
http://dx.doi.org/10.1177/1474515113518434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24399843&dopt=Abstract
https://www.ahajournals.org/doi/abs/10.1161/CIR.0000000000000768?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/CIR.0000000000000768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32349542&dopt=Abstract
https://europepmc.org/abstract/MED/29128777
http://dx.doi.org/10.1016/j.ijnurstu.2017.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29128777&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2021.02.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33667616&dopt=Abstract
http://dx.doi.org/10.1111/jonm.13175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33040429&dopt=Abstract
https://europepmc.org/abstract/MED/37313589
http://dx.doi.org/10.1002/nop2.1878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37313589&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.25.4.462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16846321&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1386-5056(23)00003-5
http://dx.doi.org/10.1016/j.ijmedinf.2023.104986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36638582&dopt=Abstract
http://dx.doi.org/10.1093/eurjcn/zvac077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35997293&dopt=Abstract
https://europepmc.org/abstract/MED/23388704
http://dx.doi.org/10.1097/JCN.0b013e31827fcc4c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23388704&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1093/eurjhf/hfn007
http://dx.doi.org/10.1093/eurjhf/hfn007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19147463&dopt=Abstract
http://dx.doi.org/10.1177/0163278718817946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30541358&dopt=Abstract
http://liu.diva-portal.org/smash/get/diva2:1585574/FULLTEXT01.pdf
http://dx.doi.org/10.1016/j.pec.2021.01.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33516593&dopt=Abstract
http://dx.doi.org/10.1007/s11136-015-1205-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26961008&dopt=Abstract
https://europepmc.org/abstract/MED/18335281
http://dx.doi.org/10.1007/s11606-008-0520-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18335281&dopt=Abstract
http://dx.doi.org/10.7739/jkafn.2012.19.1.006
http://dx.doi.org/10.1016/j.ejcnurse.2005.04.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15936987&dopt=Abstract
http://dx.doi.org/10.1001/jama.282.18.1737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10568646&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Son et &

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Han C, Jo SA, Kwak J, Pae C, Steffens D, Jo |, et al. Validation of the Patient Health Questionnaire-9 Korean versionin
the elderly population: the Ansan Geriatric study. Compr Psychiatry. Mar 2008;49(2):218-223. [doi:
10.1016/j.comppsych.2007.08.006] [Medline: 18243897]

Jo A, Ji SeoE, SonY. Therolesof health literacy and social support inimproving adherence to self-care behaviours among
older adults with heart failure. Nurs Open. Nov 2020;7(6):2039-2046. [FREE Full text] [doi: 10.1002/nop2.599] [Medline:
33072389

Mitchell PH, Powell L, Blumenthal J, Norten J, Ironson G, PitulaCR, et a. A short social support measure for patients
recovering from myocardial infarction: the ENRICHD Socia Support Inventory. J Cardiopulm Rehabil. 2003;23(6):398-403.
[doi: 10.1097/00008483-200311000-00001] [Medline: 14646785]

Archbold PG, Stewart BJ, Greenlick MR, Harvath T. Mutuality and preparedness as predictors of caregiver role strain. Res
Nurs Health. Dec 1990;13(6):375-384. [doi: 10.1002/nur.4770130605] [Medline: 2270302]

Stromberg A, Bonner N, Grant L, Bennett B, Chung ML, JaarsmaT, et al. Psychometric validation of the Heart Failure
Caregiver Questionnaire (HF-CQ). Patient. Oct 2017;10(5):579-592. [doi: 10.1007/s40271-017-0228-X] [Medline: 28343292]
Stoyanov SR, Hides L, Kavanagh DJ, Zelenko O, Tjondronegoro D, Mani M. Mabile app rating scale: a new tool for
assessing the quality of health mobile apps. IMIR Mhealth Uhealth. Mar 11, 2015;3(1):€27. [FREE Full text] [doi:
10.2196/mhesalth.3422] [Medline: 25760773]

Twisk JW, Rijnhart JJ, Hoekstra T, Schuster NA, Ter Wee MM, Heymans MW. Intention-to-treat analysis when only a
baseline value is available. Contemp Clin Trials Commun. Dec 2020;20:100684. [FREE Full text] [doi:
10.1016/j.conctc.2020.100684] [Medline; 33319119]

Mouselimis D, Tsarouchas A, Vassilikos VP, Mitsas AC, Lazaridis C, Androulakis E, et al. The role of patient-oriented
mHealth interventions in improving heart failure outcomes: a systematic review of the literature. Hellenic J Cardiol.
2024;77:81-92. [FREE Full text] [doi: 10.1016/j.hjc.2023.11.001] [Medline: 37926237]

YuDS, QiuC, Li PWC, Lau J, Riegel B. Effects of dyadic care interventions for heart failure on patients and caregivers
outcomes:. a systematic review, meta-analysis and meta-regression. Int J Nurs Stud. Sep 2024;157:104829. [doi:
10.1016/j.ijnurstu.2024.104829] [Medline: 38901123]

Locatelli G, Zeffiro V, Occhino G, Rebora P, Caggianelli G, Ausili D, et a. Effectiveness of Motivational Interviewing on
contribution to self-care, self-efficacy, and preparednessin caregivers of patients with heart failure: a secondary outcome
analysis of the MOTIVATE-HF randomized controlled trial. Eur J Cardiovasc Nurs. Nov 23, 2022;21(8):801-811. [doi:
10.1093/eurjcn/zvac013] [Medline: 35290454]

Titler MG, Visovatti MA, Shuman C, EllisKR, Banerjee T, Dockham B, et al. Effectiveness of implementing a dyadic
psychoeducational intervention for cancer patients and family caregivers. Support Care Cancer. Nov 13,
2017;25(11):3395-3406. [ FREE Full text] [doi: 10.1007/500520-017-3758-9] [Medline: 28612157]

Mou H, Lam SKK, Chien WT. The effects of afamily-focused dyadic psychoeducational intervention for stroke survivors
and their family caregivers: arandomised controlled trial. Int J Nurs Stud. Jul 2023;143:104504. [doi:
10.1016/j.ijnurstu.2023.104504] [Medline: 37149953]

Abbreviations

EHFScBS-9: European Heart Failure Self-Care Behavior Scale

EHFScBS-C: European Heart Failure Self-Care Behavior Scale-Caregiver version

GEE: generalized estimating equation

HF: heart failure

HRQOL: health-related quality of life

IMB: Information-M otivation-Behavioral Skills

mHealth: mobile health

WITHUS: Welcome to interactive text messaging for improving HF self-care unified supporters

Edited by J Sarvestan; submitted 31.03.25; peer-reviewed by CE Smith, E van der Vielde; commentsto author 29.04.25; revised version
received 11.05.25; accepted 26.05.25; published 16.06.25

Please cite as:

Son Y-J, Choi J, Kim HM, Won H, Youn J-C, Kim SW, Lee W-S, Cho JH, Park K, Hong J, Kim D-Y

Devel opment and Eval uation of a Patient—Family Caregiver Dyad mHealth Intervention for Heart Failure Self-Care: Quasi-Experimental
Sudy

J Med Internet Res 2025;27:€74922

URL: https://www.jmir.org/2025/1/€74922

doi: 10.2196/74922

PMID: 40522724

https://www.jmir.org/2025/1/€74922 JMed Internet Res 2025 | vol. 27 | €74922 | p. 16

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.comppsych.2007.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18243897&dopt=Abstract
https://europepmc.org/abstract/MED/33072389
http://dx.doi.org/10.1002/nop2.599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33072389&dopt=Abstract
http://dx.doi.org/10.1097/00008483-200311000-00001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14646785&dopt=Abstract
http://dx.doi.org/10.1002/nur.4770130605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2270302&dopt=Abstract
http://dx.doi.org/10.1007/s40271-017-0228-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28343292&dopt=Abstract
https://mhealth.jmir.org/2015/1/e27/
http://dx.doi.org/10.2196/mhealth.3422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25760773&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2451-8654(20)30168-X
http://dx.doi.org/10.1016/j.conctc.2020.100684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33319119&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1109-9666(23)00199-9
http://dx.doi.org/10.1016/j.hjc.2023.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37926237&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2024.104829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38901123&dopt=Abstract
http://dx.doi.org/10.1093/eurjcn/zvac013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35290454&dopt=Abstract
https://europepmc.org/abstract/MED/28612157
http://dx.doi.org/10.1007/s00520-017-3758-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28612157&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2023.104504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37149953&dopt=Abstract
https://www.jmir.org/2025/1/e74922
http://dx.doi.org/10.2196/74922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40522724&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Son et &

©Youn-Jung Son, JiYeon Choi, Hyue Mee Kim, Hoyoun Won, Jong-Chan Youn, Sang-Wook Kim, Wang-Soo Lee, Jun Hwan
Cho, Kyung-Taek Park, Joonhwa Hong, Da-Young Kim. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 16.06.2025. Thisisan 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 the Journal of Medical Internet Research (ISSN 1438-8871), is properly

cited. The complete bibliographic information, alink to the original publication on https://www.jmir.org/, aswell asthis copyright
and license information must be included.

https://www.jmir.org/2025/1/€74922 JMed Internet Res 2025 | vol. 27 | €74922 | p. 17
(page number not for citation purposes)


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

