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Abstract

Background: The population of patients with heart failure (HF) is rapidly aging, and the prevalence of HF continues to rise
among older adults. Effective HF self-care is essential for improving survival and reducing hospital readmissions, and the role
of family caregiversin supporting and reinforcing these behaviors has becomeincreasingly important. With the growing integration
of digital health technologies into HF management, technology-assisted self-care is becoming more common. However, many
ol der adults experience difficultiesin adopting and effectively using digital tools, which may limit the potential benefits of digital
health interventions. As both patients' and caregivers' levels of digital literacy may jointly shape HF self-care behaviors, adyadic
analytic approach is warranted to clarify their interdependent effects.

Objective: This study aimed to compare digital literacy between older patients with HF and their caregivers and to examine
how digital literacy influences HF self-care behaviors within patient-caregiver dyads.

Methods: This cross-sectional study included 102 patients with HF—caregiver dyads recruited from outpatient clinicsin South
Korea. Digital literacy was measured using the Everyday Digital Literacy Questionnaire. HF self-care, encompassing 3 key
dimensions—self-care maintenance, symptom perception, and self-care management—was assessed using the Self-Care of Heart
Failure Index (version 7.2) for patients and the Caregiver Contribution to Self-Care of Heart Failure Index (version 2.0) for
caregivers. Dyadic associations were analyzed using the Actor-Partner Interdependence Model with maximum likelihood
estimation.

Results: Patients (age: mean 79.4, SD 9.1 years) had significantly lower digital literacy than caregivers (age: mean 59.0, SD
13.1 years). Caregivers primarily consisted of adult children (63/102, 61.8%), followed by spouses (33/102, 32.4%). The
Actor-Partner | nterdependence Model results reveal ed significant actor effects of digital literacy on symptom perception for both
patients (3=0.26; P=.008) and caregivers (=0.32; P=.002). For self-care management, a significant actor effect was observed
only for patients (3=0.24; P=.02). No significant actor effectswere found for self-care maintenance, and no partner effects reached
statistical significance across any dimension.

Conclusions: Digital literacy significantly influenced individuals' own HF self-care behaviors, particularly symptom perception,
but cross-partner effects were not observed within dyads. These findings suggest that digital health interventions should assess
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and address patients' and caregivers' digital skills as distinct targets rather than assuming spillover effects within dyads. To
optimize HF outcomes in aging populations, culturally sensitive and dyad-focused strategies that consider individual digital

literacy are essential.

(JMIR Aging 2026;9:e85976) doi: 10.2196/85976
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Introduction

Heart failure (HF) isaprevalent and progressive cardiovascul ar
syndrome among older adults, affecting approximately 18.6%
of adults aged 80 years and older in Korea [1]. It is driven by
age-related structural and functional changes in the
cardiovascular system as well as cumulative cardiac diseases
across thelife course [2]. Older patients with HF often present
with multiple comorbidities, frailty, and functional limitations,
making disease management increasingly complex [3]. As
populations age globally, the burden of HF continues to rise
with high readmission and mortality rates among older adults,
resulting in substantial health care use and economic burden
[1,2,4,5].

Effective self-care is central to slowing HF progression,
preventing irreversible cardiac damage, and improving long-term
outcomes [5-7]. Substantial evidence consistently demonstrates
that appropriate HF self-care reduces hospital readmissionsand
mortality and enhances the quality of life among patients with
HF [8-10]. HF self-care is theoretically grounded in
situation-specific  theories of HF management and
conceptualized as a multidimensional process encompassing
self-care maintenance, symptom perception, and self-care
management. These dimensions enable patients to maintain
physiological stability, detect changesin symptoms, and respond
appropriately to exacerbations [6,7,11]. Particularly, symptom
perception—the ability to recognize, interpret, and evaluate
bodily changes—has gained increasing attention because of its
strong association with lower mortality and fewer readmissions
[4,12,13].

Despite its importance, effective self-care is particularly
challenging for older adults with HF [3]. Cognitive decline,
physical limitations, multimorbidity, and reduced self-efficacy
often hinder adherence to recommended behaviors and delay
timely symptom perception and management [8,12,14,15]. In
the context of aging, successful self-care increasingly depends
on externa support, as age-related functional decline limits
patients ability to independently manage complex treatment
regimens[3,14,16]. Thisinterdependence highlightsthe essential
role of caregiversinfacilitating HF self-care among ol der adults
[3,17]. Caregivers assist with medication management, symptom
monitoring, and decision-making, compensating for cognitive
or functional limitations [3,16]. Consequently, HF self-carein
later life should be conceptualized as a dyadic process embedded
within patient-caregiver relationships rather than as isolated
individual efforts and behaviors[17-19].

As HF management increasingly incorporates digital health
technol ogies—including mobile apps, telemonitoring systems,
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and wearable devices—these tools have become integral
components of contemporary care, enabling remote monitoring
and promoting patient-centered self-care beyond traditional
clinical settings [20,21]. However, the effectiveness of digital
health technologies depends largely on users acceptance and
digital literacy [22,23], particularly among older adults who
often experience difficulties with technology adoption and use
[24,25].

Digital literacy, defined as the ability to access, understand,
evaluate, and apply digital information, isakey determinant of
successful engagement with digital health interventions [22].
Older adults generally exhibit lower levels of digital literacy
than younger popul ations, which can limit effective technology
use, undermine self-care adherence, and exacerbate digital health
disparities in HF care [23-25]. Because caregivers frequently
assist older patientsin navigating digital environments[26,27],
understanding digital literacy within patient-caregiver dyadsis
essential for devel oping inclusive and sustainable HF self-care
strategies [3,17].

Given the frequent and ongoing interactions between patients
and caregiversin older populations, analyses focused solely on
individuals are insufficient to capture the complexity of HF
self-care processes [3,17,18]. A dyadic analytic framework,
such as the Actor-Partner Interdependence Model (APIM),
allows the simultaneous evauation of how individua
characteristicsinfluence both one’s own outcomes (actor effects)
and those of one's partner (partner effects), capturing
bidirectional dynamics that are often overlooked in
individual-level analyses[19,28].

Importantly, patient-caregiver relationships vary substantially
across cultural contexts [18,29]. While previous research in
Western settings has predominantly focused on spousal
caregivers [30-32], East Asian societies, influenced by
Confucian values, emphasize family-centered caregiving, with
adult children frequently assuming the primary caregiving role
[18,29]. Despite these cultural distinctions, empirical research
examining dyadic processes and the role of digital literacy in
HF self-care within Asian contexts remains remarkably scarce
[19]. Thisgapisespecidly salient in East Asian contexts, where
family-centered caregiving and age-related digital literacy
challenges frequently coexist.

Therefore, thisstudy aimed to (1) comparedigital literacy levels
between older patients with HF and their caregivers and (2)
examine how digital literacy influences HF self-care behaviors
within patient-caregiver dyads using a dyadic analytic
framework. By identifying actor and partner effects, this study
seeksto inform the design of culturally sensitive, dyad-focused
digital health interventions that enhance collaborative HF
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self-care among older adults with HF and their caregiversin
Korea and similar East Asian contexts.

Methods

Participants and Study Design

This cross-sectional study recruited 102 dyads of patients with
HF and their caregivers from the outpatient clinic of atertiary
hospital in South Korea between March and September 2023.
Eligible patients were adults aged 19 years or older with a
confirmed diagnosis of HF. Caregivers were adults aged 19
years or older who provided unpaid care to the participating
patients. Patients were excluded if they had a history of heart
transplantation or left ventricular assist device implantation or
had cognitive impairment that could interfere with study
participation. Caregivers who were paid or formally employed
by the patient or the patient’s family were also excluded.

Ethical Considerations

This study was approved by the institutional review board of
Yonsel University Health System (approval 4-2022-1622). Al
participants provided written informed consent before
participation. The survey was conducted anonymously, and no
personally identifiable information was collected. As
compensation for participation, both patientsand their caregivers
received asmall gift equivalent to approximately US $7.

M easurements

Digital Literacy

Digital literacy was assessed using the Everyday Digital Literacy
Questionnaire (EDLQ), a 22-item instrument developed and
validated for older adults in South Korea [33]. The EDLQ
measures 3 domains: information and communication (9 items),
content creation and management (4 items), and safety and
security (9 items). Items are rated on a 5-point Likert scale
ranging from 1 (strongly disagree) to 5 (strongly agree), with
higher total scores indicating greater overal digital literacy.
The EDLQ has demonstrated excellent internal consistency,
with a Cronbach a of 0.98 at the time of development [33] and
0.96 in this study.

HF Self-Care and Caregiver Contribution to HF
Self-Care

Patients HF self-care was assessed using the Self-Care of Heart
Failure Index (version 7.2), a 29-item instrument comprising 3
dimensions. self-care maintenance (11 items), symptom
perception (10 items), and self-management (8 items). Items
are rated on a 5-point Likert scale. Following the scoring
guidelines provided by the instrument developers, raw scores
of each dimension were transformed into standardized scores
ranging from O to 100, with higher standardized scores
indicating better self-care. The Self-Care of Heart Failure Index
(version 7.2) was originally developed by Riegel et a [6] and
has been culturally adapted and validated for usein Korea[34].
Reported internal consistency ranges from Cronbach a of 0.70
inthe original version [6] to 0.71 to 0.96 in the Korean version
[34]. Inthisstudy, Cronbach a valuesfor patients’ HF self-care
ranged from 0.76 to 0.84 across dimensions. Additionally, the
caregiver contribution to HF self-care was measured using the
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Caregiver Contribution to Self-Care of Heart Failure Index
(version 2.0), aparale instrument designed to assess caregivers
support for patients’ HF self-care across the same 3 dimensions.
Scores were standardized on a 0 to 100 scale. The Caregiver
Contribution to Self-Care of Heart Failure Index (version 2.0)
has demonstrated strong validity in previous studies (Cronbach
0=0.90) [35]. In this study, Cronbach a values for caregiver
contribution were 0.72 for maintenance, 0.85 for symptom
perception, and 0.76 for self-care management.

Covariates

Dyadic mutuality was assessed using the 15-item Mutuality
Scale from the Family Caregiving Inventory, which evaluates
love, shared values, reciprocity, and enjoyable activities on a
5-point scale. Higher scoresindicate greater perceived mutuality
[36]. The scale has demonstrated strong internal consistency in
previous studies (Cronbach 0=0.91-0.96) [31,37] and in this
study (Cronbach 0=0.95). Although mutuality was assessed for
both dyad members, patient and caregiver scores were highly
correlated (r>0.70; P<.001). To maintain model parsimony and
avoid multicollinearity within the APIMs [38], only
caregiver-perceived mutuality was included as a covariate,
reflecting the caregiver’s central role in shaping HF self-care
support and caregiving behaviors[37,39]. Caregiver relationship
type (spouse vs adult children) was included to account for
differences in caregiving roles and responsibilities [29,30].
Patient comorbidity burden was assessed using the age-adjusted
Charlson Comorbidity Index (ACCI), which incorporates age
as aweighted component in addition to comorbid conditionsto
better capture overall disease complexity in older adults [40].
Additionally, patients’ perceived economic status and residential
areas (urban vs rura) were included to capture potential
socioeconomic and contextual disparities in digital literacy,
health resource access, and HF self-care behaviors in older
adults [22,24,25].

Data Analysis

Data analyses were conducted using SPSS Statistics (version
26.0; IBM Corp) and SPSS AMOS (version 30.0; IBM Corp).
Descriptive statistics were used to summarize participant
characteristics and study variables.

Preliminary Analyses and Assumptions

Before model estimation, distributional assumptions for all
primary continuous variables were examined using skewness
and kurtosis statistics, histogram inspection, and normal Q-Q
plots. These diagnostic procedures were conducted to assess
the suitability of maximum likelihood (ML) estimation for
APIM-based structural equation models. Although severa
variables demonstrated mild departures from
normality—common for bounded Likert-type measures in
behavioral and hedth research—all values remained within
acceptable ranges for ML estimation in structural equation
modeling (|skewness|<2.0; [kurtosis|<7.0) [41-43]. No evidence
of severe nonnormality or influential outliers was identified.
Given these findings and the moderate sampl e size (102 dyads),
no variable transformations were applied, and ML estimation
was retained for all analyses.
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Bivariate associations among key variables were examined
using Pearson correlation coefficients for continuous variabl es.
Spearman correlations were applied to assess the association
involving the ordinal variables (ie, perceived economic status).
A complete correlation matrix with exact sample size,
correlation coefficients, and P valuesis presented in Multimedia
Appendix 1.

APIM Model Specification

Dyadic relationships were analyzed using the APIM, treating
dyad membersas apriori distinguishable by role (patientswith
HF vs caregivers) [38]. Each dyad consisted of 1 patient and 1
identified primary caregiver, recruited and coded separately by
role. Digital literacy was measured using the same instrument
for both members, whereas HF self-care outcomes were assessed
using paralel role-specific instruments (patient HF self-carevs
caregiver contribution to HF self-care).

Separate APIMswere estimated for each HF self-caredimension
(eg, maintenance, symptom perception, and management) using
ML estimation in AMOS. In each model, four structural paths
were freely estimated: (1) two actor effects (patient digital
literacy predicting patient HF self-care and caregiver digital
literacy predicting caregiver contribution to HF self-care) and
(2) two partner effects (patient digital literacy predicting
caregiver contribution to HF self-care and caregiver digital
literacy predicting patient HF self-care).

Patient and caregiver digital literacy scores, specified as the
primary predictors, were allowed to covary to account for
interdependence within dyads. Residuals of patient HF self-care
and caregiver contribution to HF self-care were also correlated
to capture dyadic interdependence not explained by the
predictors. Five covariates—caregiver-perceived mutuality,
caregiver relationship type (spouse vs adult child), patient
comorbidity burden (ACCI), patient’'s perceived economic
status, and residential area—were specified as exogenous
variables, and covariances among all exogenous variableswere
freely estimated. No equality constraints were imposed across
patient and caregiver paths. APIMs were estimated using a
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structural equation modeling framework to account for dyadic
interdependence. Consistent with previous APIM studies[44],
global model fit indices were not reported because the model
was saturated. Model evaluation focused on the magnitude,
direction, and statistical significance of estimated actor and
partner effects, covariance, and explained variance (R%) for
patient and caregiver outcomes. The analyses represent
concurrent (cross-sectional) APIMs. No mediators were
specified, and no indirect effects were estimated.

Results

Characteristics of Patients With HF and Their
Caregivers

A total of 102 patient-caregiver dyads were included in the
analysis. Patients with HF had a mean age of 79.4 (SD 9.1)
years, and 55 (53.9%) patients were female. Caregivers were
younger (age: mean 59.0, SD 13.1 years) and predominantly
female (n=67, 65.7%). Most caregivers were adult children,
including sons, daughters, daughters-in-law, and sons-in-law
(n=63, 61.7%), followed by spouses (n=33, 32.4%). Nearly half
(n=49, 48%) of the patients lived with their caregivers. Patients
generaly had lower educational attainment compared with
caregivers, and half (n=51, 50%) of the patientsresided in rural
aress.

Mean mutuality score indicated moderate levels of perceived
mutuality for both patients (mean 2.8, SD 0.7) and caregivers
(mean 2.7, SD 0.9). Patient and caregiver mutuality were
strongly correlated (r=0.70; P<.001; Multimedia Appendix 1),
reflecting the interdependent nature of patient-caregiver dyads.

Regarding clinical characteristics, 55 (53.9%) patients had HF
with preserved gjection fraction. The mean left ventricular
gection fraction was 52.25% (SD 12.2%). Most patients
presented with mild HF symptoms, classified as New York
Heart Association class | to Il, accounting for 89 (87.3%)
samples. Patients exhibited a substantial comorbidity burden,
withamean ACCI scoreof 6.4 (SD 2.2). Detailed demographic
and clinical characteristics are summarized in Table 1.
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Table 1. Characteristics of patients with heart failure and their caregivers®.

Characteristics Patients (n=102) Caregivers (n=102)
Age (years), mean (SD) 79.4(9.1) 59.0 (13.2)
Female, n (%) 55 (53.9) 67 (65.7)

Education level, n (%)

Below elementary school 67 (65.7) 19 (18.6)
Middle-to-high school 30 (29.4) 48 (47.1)
Above college 5(4.9) 35(34.3)

Per ceived economic status, n (%)

Low 65 (63.7) 30(29.4)
Moderate to high 37 (36.3) 72 (70.6)
Residential area (urban), n (%) 51 (50.0) _b

Relationship type, n (%)

Spouse — 33(32.4)
Adult child — 63 (61.7)
Living arrangement (cohabitation), n (%) 49 (48.0) —

New York Heart Association class, n (%)

Class I-I1 (mild symptoms) 89 (87.3) —
Class |11 (moderate symptoms) 13(12.7) —

L eft ventricular g ection fraction (%), mean (SD) 52.3(12.2) —
<40% (heart failure with reduced gjection fraction), n (%) 18 (17.6) —
41%-49% (heart failure with mildly reduced gjection fraction), n (%) 29 (28.4) —
>50% (heart failure with preserved gjection fraction), n (%) 55 (53.9) —

Comorbidity (age-adjusted Charlson Comorbidity Index), mean (SD) 6.4 (2.2 —

Mutuality score, mean (SD) 2.8(0.7) 2.7(0.9)

3patients and caregivers are members of the same dyad; therefore, values are presented for descriptive purposes only.
BNot applicable.

- . S mai ntenance, symptom perception, and management. Symptom
Digital Literacy and HF Sdlf-Care Outcomes Within perception was the lowest-scoring dimension for both patients

Dyads HF self-care (mean 46.9, SD 16.6) and caregivers contribution
Patients demonstrated significantly lower digital literacy than  to HF self-care (mean 52.5, SD 19.7). Descriptive statistics of
caregivers(mean 31.9, SD 20.6 vsmean 77.8, SD 30.8: P<.001). HF self-care outcomes across the 3 dimensions are presented
HF self-care outcomes were assessed across 3 dimensions:  in Table 2.
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Table 2. Comparisons of digital literacy and heart failure (HF) self-care outcomes between patients and caregivers (N=102 dyads)®
Variables Patients, mean (SD) Caregivers, mean (SD) t test (df) P vaue
Digital literacy
Total score 31.9 (20.6) 77.8(30.8) —12.60 (101) <.001
Safety and security 13.5(9.5) 33.3(12.9) —12.43 (101) <.001
Information and communication 13.0(8.1) 31.9 (12.6) -12.98 (101) <.001
Contents creation and management 5.4 (3.3) 12.6 (6.1) -10.51 (101) <.001
HF self-care
Maintenance 62.6 (10.2) 50.0 (17.4) 2.05 (101) 04
Symptom perception 46.6 (16.6) 52.5(19.7) —2.66 (101) .009
Management 62.1(16.1) 65.0 (18.1) —1.39 (101) 17

8Comparisons between patients and caregivers were conducted using paired t tests (2-tailed), as they were members of the same dyad.

Dyadic Associations Between Digital Literacy and HF
Sdf-Care (APIM Results)

Across the 3 HF self-care dimensions, distinct patterns of
association between digital literacy and self-care outcomeswere
observed. For HF self-care maintenance, digital literacy was
not significantly associated with patient or caregiver outcomes,
indicating no interpretable actor-partner structure in this
dimension. In contrast, for symptom perception, significant
actor effectsof digital literacy were observed for both members
of the dyad. Higher patient digital literacy was associated with
better patient symptom perception (B=0.21; 3=0.26, SE 0.08,
95% CI 0.06-0.37; P=.008), and higher caregiver digitd literacy
was associated with greater caregiver contribution to symptom
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perception (B=0.21; =0.32, SE 0.07, 95% CI 0.08-0.34;
P=.002), reflecting an actor-dominant pattern with no evidence
of cross-partner effects. For self-care management, only the
patient’s digital literacy demonstrated a significant actor effect
on patient self-care outcome (B=0.19; 3=0.24, SE 0.08, 95%
Cl 0.03-0.35; P=.02), whereas no other actor or partner effects
reached statistical significance for either member of the dyad.
Detailed APIM results are presented in Table 3. The model
accounted for approximately 22.6% of the variance in patients
symptom perception, 35.3% in caregivers symptom perception,
and 14.6% in patients' self-care management. A summary of
standardized actor and partner effects across the 3 APIMs is
presented in Figure 1.
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Table 3. Actor and partner effects of digital literacy on heart failure (HF) self-care based on the Actor-Partner | nterdependence Model (N=102 dyads).

Outcome or effect, role B B (SE; 95% ClI) P value

HF self-care maintenance

Actor effect
Patient 0.001 0.002 (0.05; —0.10t0 0.11) .98
Caregiver 0.11 0.20 (0.06; —0.01 to 0.24) .08
Partner effect
Patient  caregjver -0.16 -0.19 (0.08; —0.32 to 0.004) .06
Caregiver - patient 0.03 0.09 (0.04; -0.05t0 0.11) 48

HF self-care symptom perception

Actor effect
Patient 0212 0.26 (0.08; 0.06 0 0.37) .008
Caregiver 0.21 0.32 (0.07; 0.08t0 0.34) .002
Partner effect
Patient — caregiver -0.11 -0.12 (0.09; —0.29 to 0.06) 19
Caregiver - patient 0.02 0.04 (0.06; -0.10t0 0.14) .73

HF self-care management

Actor effect
Patient 0.19 0.24 (0.08; 0.03 to 0.35) .02
Caregiver 0.09 0.16 (0.07; —-0.03 t0 0.22) A5
Partner effect
Patient — caregiver -0.15 —-0.18 (0.08; —0.32t0 0.01) .07
Caregiver - patient 0.06 0.12 (0.06; —0.06 to 0.18) 34

Y talicized values indicate statistically significant effects (P<.05).
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Figurel. Actor-Partner Interdependence Model examining the associations between patient and caregiver digital literacy and heart failure (HF) self-care
outcomes across 3 dimensions. HF self-care maintenance, HF self-care symptom perception, and HF self-care management. Solid arrows indicate
statistically significant actor effects, whereas dashed arrows indicate nonsignificant paths. Standardized coefficients () are shown. *P<.05, **P<.01.
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Discussion

Principal Findings

To the best of our knowledge, thisis the first study to examine
the influence of digital literacy on HF self-care using APIM
within patient-caregiver dyads. Significant actor effects of digital
literacy were found for both patients and caregivers on the
symptom perception dimension of HF self-care, whereas no
partner effects were observed. Patients with higher digital
literacy demonstrated a better ability to detect and interpret
symptoms and to engage in effective self-care management.
Likewise, caregiverswith higher digital literacy showed greater
competence in identifying HF-related changes, although their
digital literacy did not significantly affect patients overall
maintenance or management behaviors. Thesefindings highlight
the independent role of digital literacy in shaping HF self-care
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HF self-care management
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behaviors and underscore the need for strategies that enhance
digital literacy in both patients and caregivers[45].

Previous research indicates that educational attainment and
access to health information are closely related to both digital
literacy and HF self-care, particularly symptom perception
[12,15,46]. Lower educational levels have been linked to
reduced self-care autonomy and del ayed recognition of symptom
changes, often through the pathway of limited digital literacy
[22,25]. In this study, the generally low education level of the
older patients, combined with the fact that half of the participants
(51/102, 50%) resided in rural aress, likely reflects a broader
digital divide [22,25]. These sociocontextual factors may help
explain the overal low digital literacy observed in our sample
and emphasize the persistent digital disparities faced by older
adults with HF [22,23,25].

In this context, caregivers with higher digital literacy
demonstrated greater contributions to symptom perception,
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enabling faster identification of changesin patients' health status
[3,11,12,47]. However, contrary to our initial hypothesis,
caregivers digital literacy did not directly affect maintenance
or management dimensions of HF self-care. These findings may
also reflect the current design orientation of many digital health
tools for HF, which predominantly emphasize information
provision and symptom monitoring rather than sustained lifestyle
modification [20,21,48,49]. Accordingly, digital literacy may
facilitate symptom perception without necessarily trandating
into long-term behavioral change in HF self-care maintenance
and management [50].

This finding may also be explained by entrenched lifestyle
patterns among older adults, such as long-standing dietary and
physical activity habits that are less amenable to behavioral
change [8,16]. Furthermore, as most caregivers in this study
were patients' adult children, their capacity to significantly alter
patients' long-standing lifestyle patterns—especially regarding
diet and physical activity routines—is likely limited within the
context of family-centered caregiving norms in East Asian
societies [18,29].

These cultural caregiving norms are particularly evident in
Korea. Inmany East Asian societies shaped by Confucian values
that prioritizefilial piety, adult children frequently take primary
responsibility for caregiving [18,29]. However, rapid
industrialization and changing social structures have reduced
opportunities for intergenerational coresidence, resulting in
caregiving that isfrequently provided without daily cohabitation
[18,51]. In such contexts, caregivers may play more of a
technical or assisting role—hel ping with device use or symptom
monitoring—rather than engaging in continuous motivational
or educational support [26,27]. This relational pattern may
reduce the potential for partner effects on self-care behaviors.
This finding contrasts with previous research that has
emphasized caregiver support—particularly within spousal
dyads—as an important determinant of adherence[9,31,32].

Finally, we adjusted for mutuality—the quality of reciprocal
understanding and rapport between patient and caregiver—to
isolate the effects of digital literacy [31,36]. Because mutuality

Acknowledgments

Kimet al

is known to influence communication, decision-making, and
joint self-care[31,36,37,39], future studies should explore how
digital literacy and mutuality interact over time or across
caregiving stages to shape dyadic engagement in digital
health—based management.

Limitations

Despite the valuable insights provided by this study, severa
limitations should be noted. First, caregiving in South Korea
often involves multiple family members rather than a single
designated caregiver, which may limit the transferability of the
findings. Second, the study was conducted in a single center
with mixed urban and rural characteristics, and the limited
sample size may affect generalizability. Third, other relevant
factors, including cognitive function and depressive symptoms,
were not examined and should be considered in future dyadic
studiesof digital health-supported self-care. Finally, thereliance
on self-reported data may have introduced bias; future studies
should incorporate objective measures of digital literacy,
self-care behaviors, and clinical outcomes (eg, hospitalization
or mortality) to better assess health impact.

Conclusions

This dyadic analysis indicates that digital literacy plays a
significant role in HF self-care, particularly in enhancing
symptom perception for both patients and caregivers, while
cross-partner influences were not evident. The findings suggest
that digital literacy interventions should engage both members
of the dyad, with strategiestailored to caregiving relationships,
cultural norms, and individual readiness. To bridge the gap
between symptom perception and behavior change, future digital
health interventions should integrate more interactive,
habit-forming features beyond simple monitoring. In addition,
considering older adults ingrained habits, mutuality, and
sociocultural caregiving patterns will be essential in designing
effective, equitable digital self-care programs. Future
longitudinal and intervention studies are needed to validate
these pathways and optimize collaborative self-care in diverse
populations with HF.

The authors thank the outpatient clinic staff who assisted with participant recruitment and coordination of data collection, aswell
as the research assistants who supported data management. The authors also appreciate the collaborative efforts of all coauthors

in completing this research.

Data Availability

The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Funding

This research was supported by the Brain Korea 21 FOUR Project through the National Research Foundation of Korea, Yonsei
University College of Nursing, and agrant from the National Research Foundation of Koreafunded by the Ministry of Education
(grant 2340046871).

Authors Contributions

HK conceptualized the study, developed the overall research design, and drafted the manuscript. SHC supervised the research,
provided overall guidance, and managed the study process. ML C contributed to the theoretical framework and refinement of the
research concept and provided statistical consultation. JY C and Y Jreviewed the study design and manuscript draft. BSY assisted

https://aging.jmir.org/2026/1/e85976 JMIR Aging 2026 | vol. 9 | e85976 | p. 9

(page number not for citation purposes)


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

JMIR AGING Kimet d

with data collection and manuscript review. All authors contributed substantially to the work and approved the final version of
the manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Bivariate correlations among key variables (N=102 dyads).
[DOCX File, 18 KB-Multimedia Appendix 1]

References

1. LeeCJ LeeH, YoonM, ChunKH, Kong MG, Jung MH, et a. Heart failure statistics 2024 update: areport from the Korean
Society of Heart Failure. Int JHeart Fail. Apr 2024;6(2):56-69. [FREE Full text] [doi: 10.36628/ijhf.2024.0010] [Medline:
38694933]

2. Bui AL, Horwich TB, Fonarow GC. Epidemiology and risk profile of heart failure. Nat Rev Cardiol. Jan 2011;8(1):30-41.
[FREE Full text] [doi: 10.1038/nrcardio.2010.165] [Medline: 21060326]

3. Buck HG, Howland C, Stawnychy MA, Aldossary H, Cortés Y1, DeBerg J, et al. Caregivers contributions to heart failure
self-care: an updated systematic review. J Cardiovasc Nurs. 2024;39(3):266-278. [FREE Full text] [doi:
10.1097/JCN.0000000000001060] [Medline: 38306302]

4.  Anderson KM, Murphy D, Groninger H, Kolm P, Wang H, Barton-Maxwel V. Perceived symptoms asthe primary indicators
for 30-day heart failure readmission. PLoS One. May 5, 2022;17(5):€0267820. [FREE Full text] [doi:
10.1371/journal.pone.0267820] [Medline: 35511916]

5.  Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al. 2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure: the Task Force for the diagnosis and treatment of acute and chronic heart failure
of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association
(HFA) of the ESC. Eur JHeart Fail. Aug 2016;18(8):891-975. [FREE Full text] [doi: 10.1002/ejhf.592] [Medline: 27207191]

6. Riegel B, Dickson VV, Faulkner KM. The situation-specific theory of heart failure self-care: revised and updated. J
Cardiovasc Nurs. 2016;31(3):226-235. [doi: 10.1097/JCN.0000000000000244] [Medline: 25774844]

7. Riegel B, Dickson VV. A situation-specific theory of heart failure self-care. J Cardiovasc Nurs. 2008;23(3):190-196. [doi:
10.1097/01.JCN.0000305091.35259.85] [Medline: 18437059]

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

9. Deek H, Chang S, Newton PJ, Noureddine S, Inglis SC, Arab GA, et al. An evauation of involving family caregiversin
the self-care of heart failure patients on hospital readmission: randomised controlled trial (the FAMILY study). Int JNurs
Stud. Oct 2017;75:101-111. [doi: 10.1016/j.ijnurstu.2017.07.015] [Medline: 28772186]

10. RyouC, Kang SM, Jang Y. Factors associated with self-care behaviours among Koreanswith heart failure. Eur J Cardiovasc
Nurs. Mar 01, 2021;20(3):276-284. [doi: 10.1177/1474515120934060] [Medline: 33570596]

11. Riegel B, De MariaM, Barbaranelli C, Matarese M, Ausili D, Stromberg A, et al. Symptom recognition as a mediator in
the self-care of chronic illness. Front Public Health. May 17, 2022;10:883299. [FREE Full text] [doi:

10.3389/f pubh.2022.883299] [Medline: 35655456]

12. SantosGC, LiljeroosM, Dwyer AA, Jaques C, Girard J, Strémberg A, et al. Symptom perception in heart failure: ascoping
review on definition, factors and instruments. Eur J Cardiovasc Nurs. Feb 2020;19(2):100-117. [FREE Full text] [doi:
10.1177/1474515119892797] [Medline: 31782668]

13. LeeS, Riegd B. State of the science in heart failure symptom perception research: an integrative review. J Cardiovasc
Nurs. 2018;33(3):204-210. [doi: 10.1097/JCN.0000000000000445] [Medline: 28858886]

14. WuJR, LinCY, Latimer A, Hammash M, Moser DK. Mediators of the association between cognitive function and self-care
behaviors in patients hospitalized with an exacerbation of heart failure. J Cardiovasc Nurs. 2024;39(3):237-244. [doi:
10.1097/JCN.0000000000001066] [Medline: 38099586]

15. Jiang Y, Zhang C, Hong J, Tam WW, Ramachandran HJ, Wang W. Relationships of person-related, problem-related, and
environment-related factors to self-care behaviours and the mediating role of self-confidence among patients with heart
failure: cross-sectional analysis of structural equation modelling. Int J Nurs Stud. Nov 2023;147:104590. [doi:
10.1016/j.ijnurstu.2023.104590] [Medline: 37741260]

16. JaarsmaT, Hill L, Bayes-GenisA, LaRoccaHB, Castiello T, Celutkiené 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. [EREE Full text] [doi: 10.1002/ejhf.2008] [Medline: 32945600]

17. VelloneE, Riegel B, Alvaro R. A situation-specific theory of caregiver contributionsto heart failure self-care. J Cardiovasc
Nurs. 2019;34(2):166-173. [doi: 10.1097/JCN.0000000000000549] [Medline: 30363017]

https://aging.jmir.org/2026/1/e85976 JMIR Aging 2026 | vol. 9 | e85976 | p. 10
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=aging_v9i1e85976_app1.docx&filename=aa59e4a76c6661379316f1daaeaf52cd.docx
https://jmir.org/api/download?alt_name=aging_v9i1e85976_app1.docx&filename=aa59e4a76c6661379316f1daaeaf52cd.docx
https://europepmc.org/abstract/MED/38694933
http://dx.doi.org/10.36628/ijhf.2024.0010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38694933&dopt=Abstract
https://europepmc.org/abstract/MED/21060326
http://dx.doi.org/10.1038/nrcardio.2010.165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21060326&dopt=Abstract
https://escholarship.org/uc/item/0zb0764x
http://dx.doi.org/10.1097/JCN.0000000000001060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38306302&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0267820
http://dx.doi.org/10.1371/journal.pone.0267820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35511916&dopt=Abstract
https://air.unimi.it/handle/2434/427148
http://dx.doi.org/10.1002/ejhf.592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27207191&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0000000000000244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25774844&dopt=Abstract
http://dx.doi.org/10.1097/01.JCN.0000305091.35259.85
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18437059&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
http://dx.doi.org/10.1016/j.ijnurstu.2017.07.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28772186&dopt=Abstract
http://dx.doi.org/10.1177/1474515120934060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33570596&dopt=Abstract
https://europepmc.org/abstract/MED/35655456
http://dx.doi.org/10.3389/fpubh.2022.883299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35655456&dopt=Abstract
http://liu.diva-portal.org/smash/get/diva2:1380379/FULLTEXT01.pdf
http://dx.doi.org/10.1177/1474515119892797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31782668&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0000000000000445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28858886&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0000000000001066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38099586&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2023.104590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37741260&dopt=Abstract
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
http://dx.doi.org/10.1097/JCN.0000000000000549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30363017&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Kimet d

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

Son Y J. Dyadic research of patientsand their family caregiversin the context of chronicillness: current status and challenges.
Korean J Adult Nurs. Jan 2021;33(5):415. [doi: 10.7475/kjan.2021.33.5.415]

Uchmanowicz |, Faulkner KM, Vellone E, Siennicka A, Szczepanowski R, Olchowska-KotalaA. Heart failure care: testing
dyadic dynamics using the actor-partner interdependence model (APIM)-ascoping review. Int JEnviron Res Public Health.
Feb 09, 2022;19(4):1919. [FREE Full text] [doi: 10.3390/ijerph19041919] [Medline: 35206131]

Singhal A, Cowie MR. Digital health: implications for heart failure management. Card Fail Rev. May 11, 2021;7:€08.
[FREE Full text] [doi: 10.15420/cfr.2020.28] [Medline: 34035953]

Mortara A, VairaL, Palmieri V, lacoviello M, Battistoni I, lacovoni A, et al. Would you prescribe mobile health apps for
heart failure self-care? An integrated review of commercially available mobile technology for heart failure patients. Card
Fail Rev. Mar 2020;6:€13. [FREE Full text] [doi: 10.15420/cfr.2019.11] [Medline: 32537246]

Oh SS, Kim KA, Kim M, Oh J, Chu SH, Choi J. Measurement of digital literacy among older adults: systematic review. J
Med Internet Res. Feb 03, 2021;23(2):€26145. [FREE Full text] [doi: 10.2196/26145] [Medline: 33533727]

Rodriguez Parrado |Y, Achury Saldafia DM. Digital health literacy in patients with heart failure in times of pandemic.
Comput Inform Nurs. Nov 01, 2022;40(11):754-762. [FREE Full text] [doi: 10.1097/CIN.0000000000000883] [Medline:
35234702]

RajaM, Bjerkan J, Kymre |G, Galvin KT, Uhrenfeldt L. Telehealth and digital developmentsin society that persons 75
yearsand older in European countries have been part of: ascoping review. BMC Health Serv Res. Oct 26, 2021;21(1):1157.
[FREE Full text] [doi: 10.1186/s12913-021-07154-0] [Medline: 34696789]

Arcury TA, Sandberg JC, Melius KP, Quandt SA, Leng X, Latulipe C, et al. Older adult internet use and eHealth literacy.
JAppl Gerontol. Feb 2020;39(2):141-150. [FREE Full text] [doi: 10.1177/0733464818807468] [Medline: 30353776]
Baik D, Reeder B, Coats H, Baker C, Jankowski C. Perceptions and attitudes toward a proposed digital health physical
activity program among older family caregivers of persons with heart failure: a qualitative study. Inform Health Soc Care.
Jul 03, 2023;48(3):239-251. [FREE Full text] [doi: 10.1080/17538157.2023.2227704] [Medline: 37417465]

Wali S, Keshavjee K, Nguyen L, Mbuagbaw L, Demers C. Using an electronic app to promote home-based self-carein
older patients with heart failure: qualitative study on patient and informal caregiver challenges. IMIR Cardio. Nov 09,
2020;4(1):e15885. [FREE Full text] [doi: 10.2196/15885] [Medline: 33164901]

Kenny DA, Cook W. Partner effects in relationship research: conceptual issues, analytic difficulties, and illustrations. Pers
Relatsh. Dec 1999;6(4):433-448. [doi: 10.1111/].1475-6811.1999.tb00202.x]

Wang Q, Xiao X, Zhang J, Jiang D, Wilson A, Qian B, et al. The experiences of East Asian dementia caregiversin filial
culture: a systematic review and meta-analysis. Front Psychiatry. Apr 21, 2023;14:1173755. [EREE Full text] [doi:
10.3389/fpsyt.2023.1173755] [Medline: 37151975]

Steinberg RS, Nayak A, Burke MA, Aldridge M, RajaLaskar S, Bhatt K, et al. Association of race and gender with primary
caregiver relationships and eligibility for advanced heart failure therapies. Clin Transplant. Jan 2022;36(1):€14502. [FREE
Full text] [doi: 10.1111/ctr.14502] [Medline: 34634150]

Hooker SA, Schmiege SJ, Trivedi RB, Amoyal NR, Bekelman DB. Mutuality and heart failure self-care in patients and
their informal caregivers. Eur J Cardiovasc Nurs. Feb 2018;17(2):102-113. [FREE Full text] [doi:
10.1177/1474515117730184] [Medline: 28868917]

Trivedi RB, Piette J, Fihn SD, Edelman D. Examining the interrelatedness of patient and spousal stressin heart failure:
conceptual model and pilot data. J Cardiovasc Nurs. 2012;27(1):24-32. [doi: 10.1097/JCN.0b013e3182129ce7] [Medline:
21743348]

Choi J, Choi S, Song K, Baek J, Kim H, Choi M, et al. Everyday digital literacy questionnaire for older adults: instrument
development and validation study. JMed Internet Res. Dec 14, 2023;25:€51616. [FREE Full text] [doi: 10.2196/51616]
[Medline: 38095999]

Kim J, Kim KH, Lim YH, Heo S, Moon K, Oh MS, et a. Validity and reliability of the Korean version of the revised
Self-Care of Heart Failure Index V7.2. Clin Nurs Res. Sep 2022;31(7):1296-1307. [doi: 10.1177/10547738221106590]
[Medline: 35726492]

VelloneE, Barbaranelli C, Pucciarelli G, Zeffiro V, Alvaro R, Riegel B. Validity and reliability of the Caregiver Contribution
to Self-Care of Heart Failure Index version 2. J Cardiovasc Nurs. 2020;35(3):280-290. [doi: 10.1097/JCN.0000000000000655]
[Medline: 32084084]

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]

Vellone E, Chung ML, Alvaro R, Paturzo M, Dellafiore F. The influence of mutuality on self-care in heart failure patients
and caregivers: adyadic analysis. JFam Nurs. Nov 19, 2018;24(4):563-584. [doi: 10.1177/1074840718809484] [Medline:
30453797]

Cook WL, Kenny DA. The actor-partner interdependence model: amodel of bidirectional effectsin developmental studies.
Int JBehav Dev. 2005;29(2):101-109. [doi: 10.1080/01650250444000405]

Dellafiore F, Chung ML, Alvaro R, Zeffiro V, Ercole V, Pucciarelli G. Influence of mutuality on quality of life in heart
failure patient with inadequate self-care and caregiver dyads: an actor-partner interdependence model analysis. Eur J
Cardiovasc Nurs. Jun 02, 2022;21(4):366-373. [doi: 10.1093/eurjcn/zvab089] [Medline: 34661635]

https://aging.jmir.org/2026/1/e85976 JMIR Aging 2026 | vol. 9 | e85976 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.7475/kjan.2021.33.5.415
https://www.mdpi.com/resolver?pii=ijerph19041919
http://dx.doi.org/10.3390/ijerph19041919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35206131&dopt=Abstract
https://europepmc.org/abstract/MED/34035953
http://dx.doi.org/10.15420/cfr.2020.28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34035953&dopt=Abstract
https://europepmc.org/abstract/MED/32537246
http://dx.doi.org/10.15420/cfr.2019.11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32537246&dopt=Abstract
https://www.jmir.org/2021/2/e26145/
http://dx.doi.org/10.2196/26145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33533727&dopt=Abstract
https://europepmc.org/abstract/MED/35234702
http://dx.doi.org/10.1097/CIN.0000000000000883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35234702&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-07154-0
http://dx.doi.org/10.1186/s12913-021-07154-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34696789&dopt=Abstract
https://europepmc.org/abstract/MED/30353776
http://dx.doi.org/10.1177/0733464818807468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30353776&dopt=Abstract
https://europepmc.org/abstract/MED/37417465
http://dx.doi.org/10.1080/17538157.2023.2227704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37417465&dopt=Abstract
https://cardio.jmir.org/2020/1/e15885/
http://dx.doi.org/10.2196/15885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33164901&dopt=Abstract
http://dx.doi.org/10.1111/j.1475-6811.1999.tb00202.x
https://europepmc.org/abstract/MED/37151975
http://dx.doi.org/10.3389/fpsyt.2023.1173755
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37151975&dopt=Abstract
https://europepmc.org/abstract/MED/34634150
https://europepmc.org/abstract/MED/34634150
http://dx.doi.org/10.1111/ctr.14502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34634150&dopt=Abstract
https://europepmc.org/abstract/MED/28868917
http://dx.doi.org/10.1177/1474515117730184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28868917&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0b013e3182129ce7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21743348&dopt=Abstract
https://www.jmir.org/2023//e51616/
http://dx.doi.org/10.2196/51616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38095999&dopt=Abstract
http://dx.doi.org/10.1177/10547738221106590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35726492&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0000000000000655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32084084&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/10.1177/1074840718809484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30453797&dopt=Abstract
http://dx.doi.org/10.1080/01650250444000405
http://dx.doi.org/10.1093/eurjcn/zvab089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34661635&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Kimet d

40.

41.

42.

43.

44,

45,

46.

47.

48.

49,

50.

51.

Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined comorbidity index. J Clin Epidemiol. Nov
1994;47(11):1245-1251. [doi: 10.1016/0895-4356(94)90129-5] [Medline: 7722560]

Curran PJ, West SG, Finch JF. The robustness of test statistics to nonnormality and specification error in confirmatory
factor analysis. Psychol Methods. 1996;1(1):16-29. [doi: 10.1037/1082-989x.1.1.16]

Kline RB. Principles and Practice of Structural Equation Modeling 4th Edition. New York, NY. The Guilford Press; 2016.
Li CH. Confirmatory factor analysis with ordinal data: comparing robust maximum likelihood and diagonally weighted
least squares. Behav Res Methods. Sep 2016;48(3):936-949. [doi: 10.3758/s13428-015-0619-7] [Medline: 26174714]
Wolff JC, Thomas SA, Hood E, Bettis AH, Rizzo CJ, Liu RT. Application of the actor-partner interdependence model in
parent-adol escent emotion regulation and depression. J Affect Disord. Dec 01, 2020;277:733-741. [EREE Full text] [doi:
10.1016/j.jad.2020.08.075] [Medline: 32919294]

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]

Wu JR, Lin CY, Hammash M, Moser DK. Heart failure knowledge, symptom perception, and symptom management in
patients with heart failure. J Cardiovasc Nurs. Dec 20, 2022. [FREE Full text] [doi: 10.1097/JCN.0000000000000961]
[Medline: 36542682]

Bidwell JT, Hostinar CE, Higgins MK, Abshire MA, Cothran F, Butts B, et al. Caregiver subjective and physiological
markers of stressand patient heart failure severity in family care dyads. Psychoneuroendocrinology. Nov 2021;133:105399.
[FREE Full text] [doi: 10.1016/j.psyneuen.2021.105399] [Medline: 34482256]

ZisisG, Carrington MJ, Oldenburg B, WhitmoreK, Lay M, Huynh Q, et al. An m-Health intervention to improve education,
self-management, and outcomes in patients admitted for acute decompensated heart failure: barriersto effective
implementation. Eur Heart J Digit Health. Nov 13, 2021;2(4):649-657. [FREE Full text] [doi: 10.1093/ehjdh/ztab085]
[Medline: 36713108]

Portz JD, Vehovec A, Dolansky MA, Levin JB, Bull S, Boxer R. The development and acceptability of amobile application
for tracking symptoms of heart failure among older adults. Telemed J E Health. Feb 2018;24(2):161-165. [FREE Full text]
[doi: 10.1089/tmj.2017.0036] [Medline: 28696832]

Wright PJ, Raynor PA, Bowers D, Combs EM, Corbett CF, Hardy H, et al. Leveraging digital technology for social
connectedness among adults with chronic conditions: asystematic review. Digit Health. Oct 3, 2023;9:20552076231204746.
[FREE Full text] [doi: 10.1177/20552076231204746] [Medline: 37799504]

Lee EE, Lee SY. Caregiving experiences of Korean family caregivers of cancer patients: an integrative literature review.
Psychooncol ogy. Oct 2020;29(10):1486-1503. [doi: 10.1002/pon.5498] [Medline: 32720400]

Abbreviations

ACCI: age-adjusted Charlson Comorbidity Index
APIM: Actor-Partner Interdependence Model
EDLQ: Everyday Digital Literacy Questionnaire
HF: heart failure

ML: maximum likelihood

Edited by J Wang; submitted 16.0ct.2025; peer-reviewed by JR de-Moya-Romero; comments to author 20.Nov.2025; accepted
16.Feb.2026; published 12.Mar.2026

Please cite as:

KimH, Chung ML, Jang Y, Choi J, Yoo BS, Chu SH

Digital Literacy and Heart Failure Self-Care in Older Patients and Their Caregivers: Dyadic Analysis Using the Actor-Partner
Interdependence Model

JMIR Aging 2026;9:e85976

URL: https://aging.jmir.org/2026/1/e85976

doi: 10.2196/85976

PMID: 41736640

©Hokon Kim, Misook L Chung, Yeonsoo Jang, Ji Yeon Choi, Byung Su Yoo, Sang Hui Chu. Originally publishedin IMIR Aging
(https://aging.jmir.org), 12.Mar.2026. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Aging, is properly cited. The complete bibliographic

https://aging.jmir.org/2026/1/e85976 JMIR Aging 2026 | vol. 9 | e85976 | p. 12

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1016/0895-4356(94)90129-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7722560&dopt=Abstract
http://dx.doi.org/10.1037/1082-989x.1.1.16
http://dx.doi.org/10.3758/s13428-015-0619-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26174714&dopt=Abstract
https://europepmc.org/abstract/MED/32919294
http://dx.doi.org/10.1016/j.jad.2020.08.075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32919294&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
https://europepmc.org/abstract/MED/36542682
http://dx.doi.org/10.1097/JCN.0000000000000961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36542682&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0306-4530(21)00273-0
http://dx.doi.org/10.1016/j.psyneuen.2021.105399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34482256&dopt=Abstract
https://europepmc.org/abstract/MED/36713108
http://dx.doi.org/10.1093/ehjdh/ztab085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36713108&dopt=Abstract
https://europepmc.org/abstract/MED/28696832
http://dx.doi.org/10.1089/tmj.2017.0036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28696832&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20552076231204746?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076231204746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37799504&dopt=Abstract
http://dx.doi.org/10.1002/pon.5498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32720400&dopt=Abstract
https://aging.jmir.org/2026/1/e85976
http://dx.doi.org/10.2196/85976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41736640&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Kimet d

information, alink to the original publication on https://aging.jmir.org, as well asthis copyright and license information must be
included.

https://aging.jmir.org/2026/1/e85976 IMIR Aging 2026 | vol. 9 | e85976 | p. 13
(page number not for citation purposes)

RenderX


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

