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Introduction

In the United States, Nurse Practitioner (NP) programs have evolved over nearly 60 years
since their inception in 1965 [1]. The United States introduced the NP roles in response to the
nationwide primary care provider shortage created by expanding Medicaid/Medicare coverage
[1]. Since then, the primary care demand has continued to rise in the United States due to its
own aging population and physician shortage. Indeed, national nursing professional organiza-
tions noted that “demand for health care continues to rise, fueled by the growth of its aging
population and the continued shortage of primary health care providers,” and argued that NPs
could help meet this need. As of 2023, Advanced Practice Registered Nurse (APRN) in the
United States workforce exceeds 385,000 licensed NPs nationwide that contributes to over 1 bil-
lion patient visits each year, which is projected to grow further [2].

Today’s healthcare environment in South Korea is having similar challenges such as its aging
populations, rising chronic illnesses, and persistent shortages of healthcare professionals [3,4].
These pressures have led to increasing demands for effective and high-quality care and intensi-
fied interest in APRNS [5]. Patients and families are no longer satisfied with one-size-fits-all ser-
vices—they seek more specialized, individualized nursing care that fits their specific health con-
ditions and healthcare needs [6]. Concurrently, South Korea faces persistent provider shortages.

© 2025 Korean Society of Nursing Science South Korea has one of the lowest doctor-to-population ratios among the Organization for
This is an Open Access article distributed Economic Co-operation and Development (OECD) countries, with approximately 2.6 physi-

under the terms of the Creative Commons cians per 1,000 people [7]. Critical specialties—such as pediatrics, emergency medicine, and
Attribution NoDerivs License. (https://cre-
ativecommons.org/licenses/by-nd/4.0)

If the original work is properly cited and (e.g., dermatology, cosmetic surgery) over essential health services [8]. These shortages are felt
retained without any modification or re-

production, it can be used and re-distrib-
uted in any format and medium. of Seoul, leading to double the risk of delayed critical care [8,9]. The combination of these high

geriatrics—are especially understaffed, and many physicians prefer highly paid elective fields

acutely in rural and under-served areas: rural provinces have less than half the physician density
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Lessons from the US APRN system

demand and limited supply has further stressed a hospital-centric,
fee-for-service system. South Korea’s system allows free patient
choice of providers, which has led to extremely high consultation
rates (highest per capita in the OECD) but very short visits [10].
This model incentivizes volume over coordination, and leaves pri-
mary care underdeveloped [11].

In recent years, South Korea’s healthcare system has been ex-
ploring the implementation of APRN programs to address these
challenges. South Korea’s healthcare reformers have likewise rec-
ognized APRNS as part of the solution [12]. Advanced practice
nursing in South Korea dates back to the 1970s, with formal Ad-
vanced Practice Nurse (APN) certification introduced in the early
2000s [13]. By 2023, 17,103 certified APNs are practicing in South
Korea [14]. However, these APNs have reportedly been underuti-
lized because of restrictive laws and unclear scope of practice;
APNSs are supposed to function under the supervision of physi-
cians without independent prescriptive authority or a billing
mechanism for their practice [15,16]. In 2024, a landmark Nurs-
ing Act in South Korea was passed, which established a legal basis
for advanced nursing practice [17]. However, actual APRN prac-
tice in South Korea still remains limited with a lack of supporting
structures in many aspects.

The purpose of this paper is to compare South Korea’s APRN
development with the well-established APRN system in the Unit-
ed States and to provide recommendations for future development
of the APRN system in South Korea. In this paper, APRN means
“a registered nurse (RN) who has completed advanced education
and training, typically at the master’s or doctoral level, and is qual-
ified to provide a wide range of advanced healthcare services” [18].
The comparison between South Korea and the United States is
made in five domains including: (1) research evidence, (2) educa-
tion and training, (3) the scope of practice, (4) financial mecha-

nisms, and (5) public awareness and acceptance.

Methods

For the comparison between the two countries, an integrative
literature review was conducted. Following the methodological
guidance of Whittemore and Knafl [19], this integrative review
emphasizes conceptual synthesis and thematic integration rather
than exhaustive cataloging of studies, as the included evidence
spans diverse methodologies and document types [19]. Literature
on APRNs was searched in multiple databases, including PubMed,
CINAHL, KCI, and RISS, using the keyword “APRN” and its Ko-
rean equivalent, “H&E7FSAE For PubMed and CINAHL, revised

search terms were applied, as these databases yielded a greater

https://www.jkan.or.kr

number of irrelevant studies. Only the articles published within
the last 10 years were included. For RISS, due to limitations in the
search functions, only the term “APRN” was used, and manual
screening of titles and abstracts was conducted.

Studies were excluded if they (1) did not specifically address
APRN or their policy, education, or practice frameworks; (2) fo-
cused solely on other nursing roles (e.g., staff nurses, clinical nurse
specialists [CNSs], or nurse aides) without reference to APRNS; (3)
were duplicates or conference abstracts without full text; (4) were
unrelated to the health systems of the United States or South Ko-
rea; (5) were published in non-English or non-Korean languages;
or (6) were not peer-reviewed articles.

Detailed search terms are presented in Table 1, and Figure 1
provides the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram with detailed informa-
tion on the selection process for the database search. The database
search initially retrieved 760 articles, of which 121 met the inclu-
sion criteria. These comprised research papers, opinion articles,
and editorials related to APRNS in the United States or South Ko-
rea. In addition, current documents and reports from nursing
professional organizations in the United States—including the
American Association of Nurse Practitioners (AANP), American
Association of Colleges of Nursing (AACN), American Academy
of Nursing (AAN), and American Nurses Association (ANA)—as
well as from the Korean Ministry of Health and Welfare and the
Korean Nurses Association were reviewed. These materials were
searched using Google and Naver, limited to publications within
the past 10 years, and available as PDF files, yielding 221 results
from the United States and 907 results from South Korea. From
these, 16 relevant documents and reports were included in the re-
view. The literature search and analysis were conducted between
July and August 2025. Documents and reports were excluded if
they (1) did not explicitly address APRN-related policy, education,
or workforce issues; (2) were press releases, event announcements,
or brief news items without substantive policy or practice content;
(3) were duplicates or overlapping versions of the same report; (4)
lacked accessible full-text or official publication status; or (5) were
focused on non-APRN nursing or healthcare workforce topics.

To minimize author bias, multiple strategies were employed
throughout the review process. Multiple databases were searched
to ensure comprehensive coverage of both United States and
South Korean sources, and additional official reports from profes-
sional organizations were included to balance peer-reviewed and
policy-based perspectives. All potentially relevant articles were
screened independently by the author twice to verify consistency

in selection and interpretation. Findings were synthesized using a
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Table 1. Search strategies

Database

Search terms

PubMed

( "Advanced Practice Registered Nurse"[Title] OR "Advanced Practice Nurse"[Title] OR APRN[Title] OR “Nurse Practitioner”[Title] OR

CINAHL

KCI

RISS

NP[Title] OR “advanced practice nursing”"[MeSH Terms] OR “nurse practitioners”[MeSH Terms] ) AND ( “United States"[Title] OR
“U.S."[Title] OR USA[Title] OR America[Title] OR “South Korea"[Title] OR Korea[Title] OR “Republic of Korea"[Title] OR “United
States"[MeSH Terms] OR “Republic of Korea"[MeSH Terms] ) AND ( “scope of practice”[Title] OR “practice authority"[Title] OR
autonomy(Title] OR “prescriptive authority"[Title] OR regulation[Title] OR licensure[Title] OR credentialing[Title] OR billing[Title]
OR reimbursement[Title] OR “health policy"[Title] OR legislation[Title] OR “scope of practice"[MeSH Terms] OR “professional au-
tonomy"[MeSH Terms] OR "prescriptions”[MeSH Terms] OR “legislation, nursing”[MeSH Terms] OR "licensure, nursing"[MeSH
Terms] OR "health policy"[MeSH Terms] )
(TI "Advanced Practice Registered Nurse” OR Tl “Advanced Practice Nurse" OR TI APRN OR Tl “Nurse Practitioner” OR TI NP OR MH

"Advanced Practice Nursing” OR MH “Nurse Practitioners")

AND

(TI "United States” OR Tl "U.S." OR TI USA OR Tl America OR Tl “South Korea" OR Tl Korea OR Tl “Republic of Korea” OR MH "United
States”" OR MH “"Republic of Korea")

AND

(TI "scope of practice” OR Tl “practice authority” OR Tl autonomy OR Tl “prescriptive authority” OR Tl regulation OR Tl licensure OR
Tl credentialing OR Tl billing OR Tl reimbursement OR TI “health policy” OR Tl legislation OR MH “Scope of Practice” OR MH
"Professional Autonomy” OR MH "Prescriptions” OR MH “Legislation, Nursing” OR MH “Licensure, Nursing” OR MH "Health Poli-

Cy"]

("HZUZ2A OR "HE U2 A
ll_j[:jl_" OR uEgn OR "‘é"%")

HZUSA

FH=" OR "HZ S AL HE™

"USEL]" OR "2E" OR "X2" OR “7A" OR "BI5{" OR "KI2" OR

Identification of studies via databases and registers

Identification of studies via other methods ]

Identification

Records identified from
(N=760)

* Databases (n=4)

* PubMed (n=212)

« CINAHL (n=171)

* KCI (n=32)

* RISS (n=345)

Records removed before

screening:
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structured comparison framework rather than subjective inter-
pretation, thereby reducing the influence of individual perspec-
tives.

The comparison between the United States and South Korea
was chosen for its conceptual and policy relevance. The United
States represents one of the most mature and well-defined APRN
systems globally, offering a robust model for scope of practice,
regulation, and reimbursement. In contrast, South Korea is in the
early stages of APRN policy development, having only recently
enacted the Nursing Act and continuing to address challenges re-
lated to licensure, reimbursement, and role standardization [17].
By contrasting a well-established system (the United States) with
an emerging one (South Korea), this study identifies transferable
lessons, policy gaps, and context-specific challenges, providing
practical insights to guide South Korea’s nursing policy advance-

ment and workforce reform.

Differences between the United States and
South Korea

The literature review identified five major areas of comparison
between the United States and South Korea, including the re-
search evidence supporting APRN practice and policy; education
curriculum and training standards for APRN preparation; scope
of practice and related regulatory frameworks; reimbursement
mechanisms for APRN-provided services; and public awareness
and acceptance of APRNG. These five domains collectively formed
the analytical foundation for developing four key areas of policy
recommendation: establishing legal and reimbursement support,
standardizing education and training systems, clarifying and ex-
panding the scope of practice, and promoting public and inter-
professional awareness of APRN roles. The following sections
summarize the findings in each comparative area, synthesizing

evidence from both United States and South Korean sources.

1. Research evidence

In the United States, a robust body of health services research
has documented APRN outcomes, helping to legitimize and guide
the related policies. Numerous trials and analyses have compared
APRN (often NP-led) care with physician care in primary and
acute settings [20]. A landmark randomized trial conducted in the
United States found no significant differences in health outcomes,
utilization, or patient satisfaction between patients managed by
NPs versus physicians, when NPs had comparable authorities and
caseloads [21]. Mundinger et al. [21] reported that 6-month
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health status and 1-year utilization outcomes were statistically
equivalent for patients randomized to receive primary care from
either a NP or a Doctor of Medicine; neither group showed worse
chronic disease control or higher hospital utilization [21]. Other
studies conducted in the United States similarly found APRN care
to be clinically equivalent (or even superior) to physician care. For
instance, a large Veterans Affairs system study showed that pa-
tients reassigned to NP primary care had similar clinical outcomes
and incurred no higher costs, despite using slightly less specialty
and inpatient care. In fact, patients under NP-led care had fewer
hospitalizations and maintained equivalent chronic disease con-
trol, suggesting that NPs deliver care of comparable quality [22].

A Cochrane systematic review by Laurant et al. [23] further re-
inforces the evidence base, revealing higher patient satisfaction
with NP care and no significant differences in clinical outcomes
when compared to physician care. Likewise, an AANP literature
review noted that “the majority of cost-focused studies” found NP
care cost-effective relative to physicians, with similar or better pa-
tient outcomes [24]. Studies also documented cost savings from
NP management of chronic conditions like diabetes, asthma, and
heart diseases [25], as well as reduced hospital readmissions and
shorter stays when NPs were involved [26]. For example, hospitals
with higher NP staffing spent about 5% less per Medicare patient
and saw lower readmission rates [27]. These findings suggest that
expanding APRNSs can help control costs while maintaining the
quality of care.

In contrast, research on APRN outcomes is sparse in South Ko-
rea. APRN research must generate evidence to inform policy and
reimbursement. Pilot initiatives already undertaken during 2024
provided the data for analysis. For instance, the Ministry of Health
and Welfare’s “pilot project on nursing-related tasks”—launched
amid the doctor shortage crisis—allowed nurses to legally per-
form certain procedures under supervision [28]. Evaluating the
outcomes of this pilot (e.g., clinical errors, patient throughput,
staff feedback) could yield valuable insights on safe task delega-
tion. Additionally, there existed very few studies on if the creation
of APRN-led care teams (such as new hospitalist-APN models)
could improve access and safety. Such hospitalist~-APRN collabo-
rative models may represent a practical mechanism for integrating
APRNS into existing hospital systems, fostering interprofessional
collaboration and improving continuity of inpatient care [29].
With the limited number of studies, the methods used in the few
studies were also limited although a wide range of research meth-
ods could be used (e.g., prospective trials, comparative case stud-
ies, longitudinal studies, cost-effectiveness studies). One Korean

education review also noted that properly trained APNs could
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“improve patient safety and cost-effectiveness of healthcare” [30],

but more peer-reviewed Korean data would be essential.

2. Education and training

In the United States, APRNs (especially NPs) must complete
advanced academic programs that build on their RN foundation.
Currently, APRN candidates must first obtain a RN license (typi-
cally via a Bachelor of Science in Nursing), then pursue a graduate
degree. Master’s programs for NPs usually take about 2 years of
full-time study, while many institutions now offer Doctor of Nurs-
ing Practice (DNP) programs lasting roughly 4 years [31]. The
ANA and accreditation bodies emphasize that many employers
and state boards are beginning to require the DNP for new
APRNS [32]. Graduates must also pass national certification ex-
ams (the American Nurses Credentialing Center [ANCC] or
AANP Certification Board) in their specialty, and programs
themselves must be accredited by recognized agencies (e.g., the
Commission on Collegiate Nursing Education or the Accredita-
tion Commission for Education in Nursing) [33].

In addition, APRN programs in the United States mandate
hundreds of supervised clinical practice hours. In fact, a joint NP
certification statement confirms that a minimum of 500 hours of
direct patient care must be completed [34]. Many DNP tracks far
exceed this (often targeting 1,000 clinical hours) [35]. These prac-
tica occur in varied settings under experienced preceptors, expos-
ing trainees to acute and chronic care management, diagnosis,
and prescribing in real-world practice [36]. Also, in the United
States, continuing nursing education (CNE) is a mandated com-
ponent of professional maintenance for APRNs, with many states
requiring a specified number of CNE hours for licensure renewal.
For example, the ANCC accredits CNE providers and requires
NPs to complete continuing education in pharmacology, ethics,
and clinical updates as part of national recertification standards
[37]. These requirements aim to ensure ongoing clinical compe-
tence, align practice with emerging evidence, and promote quality
and safety in advanced nursing care.

In contrast, in South Korea, clinical nursing assistants and phy-
sician assistants (PAs) typically acquire skills informally rather
than through standardized education programs. Most PAs in
South Korea enter practice as experienced nurses and learn their
advanced tasks by apprenticeship, without a formal PA or APRN
curriculum [38]. CNE is not well integrated. Notable, a greater
proportion of clinical support nurses reported not receiving
pre-service education, with 60.2% (n=100) indicating no prior

training, compared to 39.8% (n=66) who did receive such educa-
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tion [39]. This makes outcomes variable and hampers professional

development.

3. The scope of practice

The scope of practice refers to the activities that healthcare pro-
fessionals are legally authorized to perform [40]. In the United
States, the current scope of NPs’ practice (legally permitted) is
prescribed by state laws, and varies across the United States. The
scope of practice can generally be categorized into three: (1) full,
(2) reduced, or (3) restricted [40,41]. As of 2025, about 30 states
and territories belong to the full category; NPs can independently
perform the full range of their training, diagnosing patients, pre-
scribing medications (including controlled substances), managing
treatments, and operate their own independent practices without
physician supervision. However, NPs are required to have a cer-
tain level of experience working under the supervision of a physi-
cian or additional training before allowing full practice authority.
In the states with the reduced practice scope, NPs have most au-
thority with some limits in certain areas that may need a formal
collaborative agreement with a physician (e.g., prescription of cer-
tain medications, operation of an independent clinic) [40]. In the
states with restricted practice scope (currently 11 states), NPs
should practice under the direct supervision of physicians for all
of their scope of practice, and they cannot practice independently
[40]. However, in some states, these restrictions are loosened as
NPs gain experience [40]. Over the past few decades, NPs’ auton-
omy has been expanded in the United States, driven by: (1) re-
search evidence supporting NPs’ safe and effective care and (2) the
increasing nationwide need for more primary care providers
[40,41]. By 2024, in the United States, about 30 states and DC had
updated their laws to grant full practice authority so that NPs can
practice independently without physician oversight [42]. Other
states still have some limitations, mainly due to political and pro-
fessional debates with physician groups [40,43].

In the United States, all 50 states currently license APRNs (NP,
CNS, Certified Nurse-Midwife [CNM], and Certified Registered
Nurse Anesthetist [CRNA]) with well-defined scopes of practice.
To achieve clarity, the United States has moved toward a consen-
sus regulatory model. The National Council of State Boards of
Nursing’s model recommends four distinct APRN titles with mas-
ters-level education and national certification, plus independent
prescriptive authority [44]. Studies showed that these legal regimes
affected care; full practice authority states had more NPs practic-
ing in rural/underserved areas and improved recruitment, where-

as restrictive states correlated with primary-care shortages, higher
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chronic disease burden, and geographic disparities [45].

Legislation in South Korea has struggled to keep pace with
APRN practice. Historically, South Korean law classified nurses as
PAs under the Medical Service Act, which granted no autono-
mous scope [46]. Only in late 2024. South Korea enacted a dedi-
cated Nursing Act. Under the new law, the Minister of Health and
Welfare may grant a nurse an APN qualification in addition to the
standard nursing license outlined in Article 4 [17,47]. However,
many details remain unsettled. The Act itself did not spell out spe-
cific role scopes or define all APRN categories, and hospital poli-
cies still vary widely. As a result, unlicensed PAs continue to work
in “legal limbo” without clear authority [38]. For example, medical
technicians who step in for resigning residents have no legal pro-
tections if complications occur. Reports noted that many patients
in South Korea could not even distinguish whether their caretaker
was a doctor, nurse, or PA, because titles and duties were inconsis-
tent and undocumented [48].

Indeed, “PA Nurses” or similar hybrid labels (introduced during
recent reform debates) have only created confusion. Currently,
PAS’ activities are often unrecorded and unregulated [38]. PAs in
Korean hospitals currently operate with no consistent documen-
tation, oversight, or institutional accountability [49]. Moreover,
because each hospital sets its own rules regarding the roles of PA
nurses, individual nurses often report uncertainty when transi-
tioning to new institutions [50]. International Council of Nurses
(ICN) has warned that conflating these roles is “counterproduc-
tive” and poses safety risks [51]. The system in South Korea needs
to either formally incorporate qualified PAs under the nurse li-
cense with proper education or recognize them as separate medi-

cal practitioners.
4. Financial mechanisms

In the United States, APRNs are recognized as reimbursable
providers under Medicare, Medicaid, and private insurance, but
payment policies vary. Medicare Part B allows APRNs (NPs,
CNMs, CRNAs, CNSs) to bill directly using their own National
Provider Identifier (NPI). Under current rules, Medicare pays
APRNs 85% of the physician fee schedule for the same service
[52]. In Medicaid and commercial plans, all 50 states allow
APRNsS to enroll and bill, often at parity with physicians or slightly
lower rates [25,52]. Some states explicitly require Medicaid to re-
imburse APRNSs at the full physician rate. For example, one study
in Medicaid-fee-for-service states with payment parity found NP-
led pediatric asthma care costed almost $300 less per patient than

physician care [25].
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In contrast, in South Korea, the lack of reimbursement mecha-
nisms for APN services in the Korean National Health Insurance
system has been pointed out. As noted by Choi et al. [5], there is
an “absence of a medical fee schedule” for APN-provided services,
which means there is no way for healthcare facilities to bill or be
reimbursed for care delivered by an APN [5]. In a healthcare sys-
tem where virtually all payments are tied to physician services or
facility fees, this omission makes hospitals financially reluctant to
formally employ APNs as clinical providers [53]. Even if a hospital
wanted to utilize APNs (for example, to manage a diabetes clinic),
they might not receive insurance reimbursement for those patient
visits unless a physician’s name is attached to the service. This fi-
nancial disincentive significantly hinders APN integration. Kore-
an experts have called for the government to create a reimburse-
ment system and staffing standards for APNG to facilitate their

employment and appropriate compensation [54].

5. Public awareness and acceptance

Decades of advocacy have made APRNs a familiar concept in
the United States. For instance, a recent survey in the United
States found 82% of patients support NPs practicing to the full ex-
tent of their training [55]. Similarly, nearly 80% of healthcare pro-
fessionals (including physicians, nurses, and PAs) in the poll en-
dorsed this view [56]. In practice, many patients report high
satisfaction with APRN care; as noted above, several studies even
found higher patient satisfaction scores for NP care [57]. Factors
contributing to this trust include the longer and more thorough
consultations that APRNSs tend to provide and the emphasis
APRNS place on patient education and preventive counseling [58].
In the United States, the APRN role consistently ranks highly in
public esteem: for example, the US News & World Report placed
the NP at the top of its 2022 “Best health care jobs” list, reflecting
strong public and institutional regard [59]. Americans take pride
in having over 385,000 licensed NPs delivering a billion patient
visits per year [60]. Such visibility comes from organizing confer-
ences (e.g., annual NP week), public service campaigns, and high-
lighting APNS’ contributions [61]. For instance, the American
College of Nurse-Midwives launched “Our moment of truth: a
new understanding of midwifery care;” a public relations initiative
to reintroduce midwives as a standard option in women’s health
[62]. Nurse anesthetists and specialists use analogous outreach:
for example, public-friendly fact sheets and community talks to
explain CRNA care and CNS roles [63,64].

In South Korea, patients have traditionally met physicians for

diagnosis and treatment, and the concept of a nurse as a primary
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provider is very new to the public. Subsequently, there may be ini-
tial resistance or confusion among patients about the roles of
APRN:S. Traditional Korean culture accords high respect for phy-
sicians, and the ideal physician is an older man with gray hair [65].
Also, traditional Korean culture views nurses as the one who car-
ries out physicians’ orders [65]. With the contemporary nursing
education system in South Korea, nurses are gaining stature and
respect in Korean culture. Yet, still, the level of public awareness
on APRNs would be very low, and intensive efforts will be needed
to have people understand NPs as highly qualified professionals,

not “second-tier” healthcare providers.

Discussion

Based on the identified differences in APRN systems between
the United States and South Korea, the following recommenda-
tions are made for the future APRN programs in South Korea.
The recommendations are presented in four areas: (1) building
evidence to support APRN programs; (2) strengthening APRN
education; (3) establishing legal support and reimbursement
mechanisms; and (4) improvements public awareness and accep-
tance of APRNs. The recommendations derived from this review
are intended to inform key nursing and health policy stakeholders
in both South Korea and the United States, supporting ongoing
policy discussions on APRN regulation, reimbursement, work-

force integration, and public awareness.

1. Building the evidence to support APRN programs

First of all, data tracking on the APRN workforce needs to be
done in South Korea. Implementing routine data tracking to un-
derstand the APRN workforce and its deployment would be es-
sential. Currently, official figures suggest around 16,888 Korean
APRNSs were certified by late 2022 [53], but the actual on-the-job
impact is unclear. A recent survey found that of 1,347 certified
APRNS, only 29.1% were actually working in advanced practice
roles [12]. Many certified APNs continue to work as general RN,
administrators, or even as “clinical nurse practitioner (differently
named by hospitals)” with delegated tasks. Complicating the land-
scape further, there are so-called PAs performing similar func-
tions without formal regulation or role clarity [66]. Therefore, es-
tablishing a national APRN registry (possibly under the Nursing
Act framework) would allow tracking of how many APRNs are
active and what are their specialties and practice settings. Regular
workforce studies could then identify geographic or specialty

gaps. As Choi [12] observed, the lack of a reporting system “ob-
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scures APRNS’ actual activities within healthcare institutions” [12].
Tracking could inform workforce planning and reveal whether
policy changes (e.g., new role authorization) actually lead to ex-
panded APRN utilization.

More importantly, evidence generation should extend to public
health outcomes. Given the chronic disease epidemic, APRN-led
interventions for prevention and chronic disease management—
especially in rural areas with severe physician shortages—merit
particular attention [67]. In the United States, the states with full
practice authority of APRNs witnessed notable improvements in
primary care access, especially in rural areas [68]. These policy
shifts often led to measurable increases in the supply of primary
care providers, enhanced patient access, and reductions in avoid-
able hospitalizations [69]. South Korea could benefit from similar
models. For example, community health programs staffed by
APRNS could be piloted to manage hypertension, diabetes, or el-
dercare, and document outcomes (e.g., improved disease control,
reduced hospitalizations). These data would underscore the value
of APRNGs in primary care—an area the Korean system has strug-
gled with. Building this national evidence base will help persuade
stakeholders (physicians, insurers, and the public) to understand
the merits of APRNs and guide continuous improvement of
APRN education and practice.

2. Strengthening APRN education

To strengthen the APRN workforce in South Korea, the APRN
education programs need to be strengthened with collaborative
inputs from frontline stakeholders including physicians, experi-
enced PAs, nursing leaders, and nursing educators in revising the
APRN curricula. For example, rather than 13 rigidly defined
APN specialties, training pathways need to reflect patient and
population needs. In the United States, APRN education pro-
grams follow a four-role paradigm (NP, CNS, CNM, and CRNA)
with specialties embedded in graduate programs. The individual
role paradigms of APRNs correspond to a setting or patient
group: NPs often focus on primary care (e.g., rural health clinics),
clinical nurse specialists work in hospitals (e.g., intensive care unit
[ICU] or oncology units), certified nurse-midwives serve mater-
nity care, and nurse anesthetists staff surgical suites [70]. By con-
trast, South Koreas current “13-specialty” model (spanning fields
from home care to emergency nursing) has outpaced practical de-
ployment [53]. Korea’s 13 APRN fields may not align neatly with
service demands; for instance, critical care and emergency fields
cover physicians’ shortages there, but those in the fields like infec-

tion control or public health may be less visible. Many APNs in
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South Korea end up working outside their certified field or shar-
ing duties with nurses. Thus, education programs need to be re-
structured by actual needs.

The curriculum also needs to be strengthened with ample clini-
cal training hours, which will make the trainees enter the work-
force with greater confidence and competence, provide better pa-
tient care, and smoothen their role integration in clinical teams
[71]. Increasing practicum hours and strengthening training stan-
dards will produce APRNs who can more independently perform
complex tasks (such as comprehensive patient assessments, clini-
cal decision-making, and certain medical procedures) from the
start of their careers [72]. Over time, this competence builds trust
among physicians and healthcare administrators, who will be
more likely to fully utilize APRNS’ skills [73]. Surely, well-prepared
APRNSs will be better able to demonstrate their values in practice,
creating a positive feedback loop: as outcomes improve and be-
come evident, it bolsters the case for continued support and in-
vestment in APRN education and roles.

Faculty development is vital in strengthening APRN education
in South Korea as well. At present, only 39 institutions in South
Korea offer APRN programs, concentrated in metropolitan areas
[74]. There is a shortage of qualified faculty with advanced prac-
tice experience, and the existing master’s-level programs are al-
ready straining academic resources [75]. To expand capacity,
South Korea needs to invest in faculty training. Experienced
APRNSs (both domestic and from abroad) could be recruited as
instructors. Existing doctoral or post-master faculty could be sent
on fellowships to APRN programs in other countries to learn their
curriculum designs. Collaborative faculty appointments with hos-
pitals would allow clinicians to teach APRN students. Additional-
ly, developing an online or blended learning component—as
practiced in some countries—could partially alleviate faculty
shortages and widen access [76]. The Ministry of Health and Wel-
fare or universities could offer teaching awards or grants to those
who develop APRN curricula, creating incentives for faculty en-

gagement.

3. Establishing legal support and reimbursement
mechanisms

It would be essential to establish the necessary legal support and
reimbursement support for APRNs in South Korea. First, nursing
laws need to clearly define the APRN scopes of practice, licensure
requirements, and regulatory standards for all APRN roles. As the
ICN advises, legislation should “confer and protect” APN titles

and outline regulatory mechanisms [77]. Also, South Korea could
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likewise adopt a unified statutory approach—defining APRN
roles, ensuring title protection, and enacting legislation analogous
to the Nurse Practice Acts in the United States. Such regulatory
clarity would not only safeguard APRN professional status but
also promote public trust and interprofessional collaboration by
making role boundaries transparent and enforceable.

The South Korean Nursing Act also provides an opportunity to
formally absorb current clinical practice nurses into the APRN
pathway. South Korea lacks a separate PA system, so it is logical to
bring all advanced practice clinicians under one legal framework.
Specifically, current clinical nurses performing advanced tasks
need to be allowed to obtain APRN certification, perhaps through
an accelerated pathway, rather than remain in an ill-defined lim-
bo. This integration would also simplify regulation: rather than
multiple nurse/PA titles, South Korea could focus on regulating
and compensating a single cadre of APRNs. In practice, achieving
these reforms will require addressing vested interests. Debates be-
tween the Korean Medical Association and the Korean Nurses
Association over the 2021 revision of the ‘Regulations on the Rec-
ognition of Advanced Practice Nurse Qualifications’ have intensi-
fied, primarily due to unresolved legal ambiguities and the contin-
ued absence of clarity on previously identified issues [78].
However, evidence—including ICN position statements—indi-
cates that well-implemented APRN legislation complements phy-
sician care, enhancing system capacity without compromising
quality [51]. For example, in hospitals in the rural areas of the
United States, CRNAs often provide the sole anesthesia coverage
under state opt-out laws, freeing physicians to focus on complex
cases [79]. Clear, standardized laws in Korea will prevent the cur-
rent patchwork (where APRN job duties vary by hospital) and
protect both providers and patients. As ICN notes, a robust nurs-
ing law aligning with international standards will unlock Korea’s
“huge untapped potential” by enabling nurses to work to their full
scope [51].

Additionally, establishing a reimbursement structure for APRN
services is critical to ensure sustainable workforce integration. In
the United States, APRNs are recognized as reimbursable provid-
ers under Medicare, Medicaid, and private insurance, and are able
to bill directly using their own NPI at standardized rates [52]. This
payment structure has incentivized healthcare systems to fully uti-
lize APRNS in primary and specialty care, contributing to cost-ef-
fective and accessible service delivery [80]. By contrast, the Korean
National Health Insurance system currently lacks a medical fee
schedule for APRN-provided services, creating significant finan-
cial disincentives for hospitals to employ APRNs as independent

clinicians [54]. Without an official billing and reimbursement
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mechanism, APRNs remain underutilized, and their contribu-
tions to improving access and efficiency go unrecognized. There-
fore, a clearly defined reimbursement framework should be intro-
duced alongside legal reforms to promote the formal employment
and fair compensation of APRNG.

Such reforms need to be actively championed by Korean nurs-
ing associations, whose advocacy will be critical in engaging poli-
cymakers, negotiating payment standards, and framing APRN
integration as a solution to persistent healthcare access and work-
force shortages. The experience in the United States demonstrates
that when APRNG are legally recognized and financially support-
ed, they contribute substantially to system efficiency, cost contain-
ment, and equitable care delivery. By aligning legislative, regulato-
ry, and reimbursement structures, South Korea can unlock the full
potential of its APRN workforce and advance its commitment to

high-quality, accessible healthcare.

4. Enhancing public awareness and acceptance

Nursing professional organizations in the United States have in-
vested in public campaigns to raise awareness of APRN roles
throughout the past decades. The AANP has launched several na-
tional multimedia initiatives. For instance, the “We choose NPs”
campaign (beginning 2018) used TV ads, social media, and a pa-
tient-focused website to highlight real stories of NP care and ad-
vocate for patient access [81]. During the COVID-19 (coronavirus
disease 2019) pandemic, AANP’s “NPs combat COVID” ads
showcased NPs on the front lines and linked to an informational
site for patients [82]. More recently, AANP ran “Lifesaving NP-de-
livered care” spots telling individual patient narratives of how NPs
identified or treated critical conditions [81].

Campaigns need to highlight APRNS’ qualifications and roles
(as organizations in the United States run “NP week” events and
public service announcements). Sharing research findings (even
pilot data) supporting the high quality of APRN care can reassure
patients. Media stories featuring patient and community support
for APRNS can also build demands. For example, nursing profes-
sional associations in the United States often publicize patient tes-
timonials about NP care, and co-brand alongside local health
fairs. Continuing such advocacy will help the public understand
the new APN roles under the Nursing Act.

Fostering interprofessional dialogue is also important. Hospital
systems and clinics can model collaborative practice by integrat-
ing APRNGs into physician-led teams from the start. Within the
healthcare community, changing perceptions is equally important.

Previously, some physician groups in South Korea resisted ex-
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panding APRNs (viewing them as competitors or assistants).
However, targeting opinion leaders—especially doctors in high-
need specialties (e.g., emergency and ICU physicians who see
staffing crises firsthand)—can help build consensus. Training
APRNS s in advocacy and health policy is also recommended so
that APRNs themselves become ambassadors of their roles [83].
Educational programs could include policy workshops or joint fo-
rums with physicians to demonstrate collaborative models. Suc-
cess stories—such as APRNs improving care in understaffed
wards—should be highlighted in medical meetings and joint con-
ferences. Importantly, leaders (e.g., the Korean Medical Associa-
tion and nursing professional associations) need to be invited to

co-develop the necessary guidelines.

Conclusion

South Korea’ recent medical crisis strongly supported the limits
of physician-centered care in meeting 21st-century health de-
mands. The nation stands at a pivotal moment for APRN practice.
Recent legislative changes opened the door for APRNSs to help
mitigate healthcare provider shortages, but made it clear that this
potential requires intentional actions. Strengthening the APRN
workforce offers a proven path to increasing capacity and resil-
ience. In this paper, APRN systems between the United States and
South Korea were compared. The recommendations outlined in
this paper are grounded in the best practices drawn from the ex-
perience in the United States. Yet, the concepts from the APRN
system in the United States need to be carefully translated into
Korean policy, education, and practice languages because of
prominent differences in healthcare systems and cultures between
the two countries. By learning from the APRN system in the Unit-
ed States and tailoring it to local needs, South Korea’s nursing and
healthcare leaders can ensure that its APRN program initiative is a
successful and sustainable endeavor, ultimately making significant

positive impacts on the nation’s health.
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Effects of an integrated healthcare
program for postpartum women:
a quasi-experimental study

Eun Suk Hwang', Ju-Hee Nho?

'College of Nursing, Jeonbuk National University, Jeonju, Korea
*College of Nursing, Research Institute of Nursing Science, Jeonbuk National University, Jeonju,

Korea

Purpose: This study aimed to develop and evaluate an integrated healthcare program for postpartum
mothers based on Cox's interaction model of client health behavior.

Methods: A non-equivalent control group pretest-posttest design was used. The integrated healthcare
program was administered 6 times over 2 weeks to postpartum mothers in the experimental group
(n=21), while the control group (n=23) received standard care. Data were collected from June 3 to July
15, 2024, through structured questionnaires measuring postpartum fatigue, depression, marital intima-
¢y, and mother-infant attachment. Analyses were conducted using IBM SPSS ver. 23.0.

Results: The experimental group showed significantly lower postpartum fatigue (Z=-2.00, p=.023), a
significantly proportion of improvement in postpartum depression (;=10.32, p=.012), and a significant
increase in mother-infant attachment (t=1.70, p=.048) compared to the control group. However, there
was no significant difference in marital intimacy between groups (Z=-0.46, p=.326).

Conclusion: These results suggest that an integrated health management program including physical
health, psychological stability, and relational support can be used as an effective nursing intervention
to promote health in postpartum mothers. Therefore, additional research is warranted that expands and
applies integrated programs for postpartum mothers in various environments in postpartum care centers
and communities.

Keywords: Depression; Fatigue; Life style; Postpartum period; Program
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A9z 0.872 BiEon, olE IARE & AFoAs a3T7]
(d) .80, ol .05, HHH(1-p1 802 7IEo 2 AXtstHS
o, 24 B = IFT 21P08 T 4270] AEE I & AT
oA e o] gekE oF 10%S 1Esle] AT dxT 24 23
Y S 468 3113}93\‘4 137] 2233 A 5 7114 AR
A7 S FAe AT 298 AlQota, FH o= AT 211
4 iz 231 0] Fofste] 5 44g0] Eajof te|glth(Figure 1).
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A4

v Allocation v
L J

Experimental group (n=23)

Control group (n=23)

v Follow-up v
1 J

Drop out (n=2) -
« Refuse (n=2) Drop out (n=0)
v Analysis v
L J
Analysis (n=21) Analysis (n=23)

Figure 1. Flow chart of the participants” enrollment.

UubA W A 4L vol, 318, A9, FiL, 49 A=, Y4

3, 2R, 2 H|, AUAE, I =909 772 F 1071

AF% 3] 2= Yoshitake [30]7F 7H513L Pughe} Milligan [31]°]

47 - B3t Fatigue Continuum Form< Song [32]0] ¥ <t gt
Fold =75 AR 5912 W2 ¥ ARSI o] B F 302
ForA e 29 Gt 1o E A I 487449
479 Likert A2, 24| 3050llA 1L 12080 & H47t =255
227t 255 9uigitt. Pughe} Milligan [31]12] Aoll4=
Cronbach’s o= .83, Song 5[32]9] 7oA+ Cronbach’s a+=
.920]0], B J3Lof| A Cronbach’s a= .92t

/ﬂ"ﬁ"“’"%% Cox 5[33]o] 7§t Edinburgh Postnatal Depres-
Scale (EPDS)& Kim [34] o] HQI%H EPDS-KE AHg 520
W F ALgslgT). o] BT & 108902 B 47 Likert %2,
Z A 0ZoARE H1 307 R A47 =248 2 ALt =
22 oJu]sit}. EPDS-KO] B3 % 3,5, 6, 7, 8, 9, 10812 FAF X
2J51%ict. EPDSS] Ak (cut off score) 107 Wik H]--2F,
10-12382 B2, 134 o2 3592 JnITH33,34]
ek FA] Cox 5[3319] Lo 4% Cronbach's a= .89, Kim [34]
o] Aof| A= Cronbach’s a= 840, 2 &5Lo] 4] Cronbach’s a
= 829t}
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4) ZOtoH =

Holofjzke. Condoni} Corkindale [35]°] 7S Maternal Post-
partum Attachment Scale (MPAS)& Kim¥} Tak [36]0] ¥ <13}
MPAS-KE AHE 5918 B2 F ARESHlT & 1423308 45
o] 91, B = 2-540 & BHr}5l= Likert A E & FlojQict 23
Aol 421,54, 37 Ax=1, 3,58, 449 Fx&=1, 23,36, 5
Fo = AFgste] e 3ol 5YT THeAE Ffsto] SA5te
& #1LE]0][35,36], & Aol E S o g S5t &
T 14-700]H, F40] 5 oz =2 Ko Aoli7t 3l
3, $7H0] 5248 A% mololz} Wo] 2l AL ojujgic
7 GA] Condondt Corkindale [35]9] ¥-*of|4] Cronbach’s o=
.78, Kim} Tak [36]9] H-of|A] Cronbach’s a= 800, & A
oA Cronbach’s a= 859t}
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A7t FEE FARE FA6IATH23-25] A LG R4EE
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o= FE7IR1 A2 ARIA L, AARE, 2AEH AT
9 40671 Lol 1% HEE She el EA, A3 94
LR, 4598, R, Boljzos 44sdrksup
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Table 1. Integrated healthcare program for postpartum women: contents of each session

Session Client-Professional Interaction Activities (rlnr?ne]
1 Affective support Researcher introduction, rapport building 40

Health information (individual education)

Decision control
Professional/technical competencies
2 Affective support

Health information (group education/individual education)

Decision control
Professional/technical competencies
3 Affective support

Health information (individual education)

Decision control

Professional/technical competencies
4 Affective support

Health information (individual education)

Decision control

Professional/technical competencies

- Listening, affective support, encouragement, praise
Physical activity
- Education on the necessity of physical activity and its advantages
and disadvantages
- Education and demonstration of physical activity methods
Nutritional management
- Education on the need for proper diet and nutrient intake
- Provides diet plan and necessary nutrient intake information
- Training on how to write a food diary
Consultation on physical activity and discomfort by phone or text
Consultation by phone or text regarding nutritional intake and inquiries
Check and feedback on physical discomfort
Check and provide feedback on nutritional intake status
Sharing experiences and feelings about participating in the program 40
- Listening, affective support, encouragement, praise
Physical activity (group)
- Postnatal yoga and pelvic floor exercises with experts
Stress management
- Causes, symptoms, and treatment of postpartum depression
- Send a supportive and encouraging text message to your spouse
at least once a day
Consultation on physical activity and discomfort by phone or text
Consultation by phone or text to check stress and depression
Check and feedback on physical discomfort
Identify and provide feedback on stress and depressive feelings
Sharing your physical condition and feelings and providing empathy 40
- Listening, affective support, encouragement, praise
Physical activity
- Postpartum yoga and pelvic floor muscle exercises
Postpartum care (maternal aspect)
- Education on physical changes in postpartum mothers and post-
partum abnormalities
- Education on how to care for the breasts, perineum, and lochia of
postpartum mothers
Consultation on physical activity and discomfort by phone or text
Consultation by phone or text regarding discomfort due to physical
changes
Check and consult on physical discomfort
Check and provide feedback on discomfort due to physical changes
Sharing physical condition and feelings to provide empathy 40
- Listening, affective support, encouragement, praise
Physical activity
- Postpartum yoga and pelvic floor muscle exercises
Nutritional management
- Check the eating habits and meal diary of postpartum mothers
- Check the intake and provide education
Consultation on physical activity and discomfort by phone or text
Consultation on nutritional intake and inquiries by phone or text
Check and feedback on physical discomfort
Check and provide feedback on nutritional intake status
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Table 1. Continued

Session Client-Professional Interaction Activities (T;]Tne)
5 Affective support Share your physical condition and feelings and providing empathetic 40
- Listening, affective support, encouragement, praise
Health information (group education/individual education)  Physical activity
- Postnatal yoga and pelvic floor exercises
Stress management (group)
- Send a text message of praise and encouragement to your spouse
at least once a day
- Participate in making a topiary mini pot
Decision control Consultation on physical activity and discomfort by phone or text
Consultation on nutritional intake and inquiries by phone or text
Professional/technical competencies Check and feedback on physical discomfort
Identify and provide feedback on stress and depressive feelings
6 Affective support Share your physical condition and feelings and providing empathetic 40
- Listening, affective support, encouragement, praise
Health information (individual education) Physical activity
- Postnatal yoga and pelvic floor exercise
Postpartum care (newborn aspect)
- Education on how to deal with newborn health problems (includ-
ing bathing and umbilical cord care)
- Education to promote mother-infant attachment
Decision control Consultation on physical activity and discomfort by phone or text
Consultation by phone or text on how to manage the health of your
newborn
Professional/technical competencies Check and feedback on physical discomfort
Check and consult on newborn health management methods
YIS 1, 43)7] & 29]0fl 2H 139 202 59t MEuLs= SHE THE7] ﬁil‘“éig 2024 AASEEH. 29)7] o RS2
AYSc. LKWE-S 4187] Amol HEe Hojsh gofa ¥ R AEO) TS molely AW W LA Uirr], 34 4%
o] 484, Aol AE XY, Eia-f Al AAPTES LSt 229 MR QIR 420 AlY} FAFo] dishA 2ohE gk
o} FOARIC 2= dHE7] AT A7AY TERt A A & o}, T3 ujoxte} 3 1o 19 o]A} AR 9 A ERE BujA|
) 50| ARE A LA, B8 257 48]0l Atmo] AxT Y Fozm HeAE XS ATLAL LA 4 L st 55)7]
AAIL7|E gRlsto] I B H=d S Algsto] A He WALRL EQ9 95 2A]0] 62 Au|A A AdtwL P07 A
WEY ANBE T S UES STh TS FolE ARe] FFT  FHOH, Eujofe) nlUsiR WEV|E FAR TAs £ 8
AS ALY, AE% gUE AF 2 SHE AsEs AHT T AR 972 3R 0 R Agshal AEHAE Aol b
U= F71Folsta e 59l 42482 skt "I} Qe Aoz defA 9lov41], AHLY] AtmEo] AZo] 7h
AA S-S A8 7 FR77F AR 7] Ak o] A AAEEo] S W A2 25T & e 71318 AlSSIH o9
a4 avh 193 BUHAD SFI AT WS XAV AT © B 9 SNSS FEsle] AlmEo] AudA 9l 71 Wl
27} R84S AFxede] dad] e Ve Tl 25 Bt ool &AL AT A7} o RO B2 e LS FASIA:
F 39], 20222 F 63]7|= AASIYIH. AF Z=uHtol2 A 2 A7) BEls & 29000 2A4 2084 /MEueS A 4t
HS(FEEU9) o]F oA T FHAR Y olf& 7Y &S Al I ] SHoA 33)7] &2 AHE7] 4R o] Al Wt 9l o4 HE
Shelal Qlomg A Qb= AR FAE F 18] 89 104] 5% 3ol tigk oJshE S5k, 7, B, o= el W 55 =3
AFLEUOIN ABLKOE APAAT, ATAE F 28] AFR AN WS FHOR TAHSAT Ee Akmo] AR)H st
7} AR AR e 3 L B NG AASIAL, AT of mE B B/ BRS Fo) Hetelw, ol e Hust
SOoE gt =Wt 9 AAIA He} A=AE skl AdHEetA e Assract. EAke SNSE 2H-gsto] Ahmo] A4 Eugtat
th. B3 AR AL SAAE A S U Sl AT RS ASHom Sty Al @ 4 YEE Aun 5
AT Q7S TP o2 FYsto] ti A ST 37 2 Aokt 71802 A&t} Ao} Ihe] oA 63]7] IS 72T
AEH A B 2, 59471 B 2010 84 Agsiat. wage E7h B4 Ao B8, Besg i, Afne P 52 F4
A

B
gl Exjofg] o2 o]FoAr}. ojQjole BHA, A= A7, T, HHEA, A
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9tk £ BAGIAL d7letdtet-e S8 o) S wAlw, &
2L upRohy] B PRI W A4 2 G2 BEKZ, 32,
A7 SO JTAEL At A ACIAE o9 9w
U POl B e At ol 4413t ABAIA|H, o7
5L 39 AP Agstel SN BATL BT 14T BT
of on)% Hofeteick. mhE T2 BN E B4,

714 2ol & &3l oF719] &7 RIZSHA wHSSt A A

=

Folut ol s 2
ol

m2 o] AYSE AT S At ATA BRI &
e A8 4 oic. etk L2 AF A Y] A
FAAR AL FAIA FYHY =S G5, BE
HolRjol ] SUgt WAl ol g U MEMS A Ba

shE RS 24sto] 979 EHFES Rol7] 919} wmsteinh

f

>
o
)

B A3 HAEOsty A1-82 Y3 (Institutional Review
Board [IRB])9] %21(IRB no., JBNU 2024-04-033-001)2 Ht37 2
Pstg o, JAFATLA R AH]A(Clinical Research Information
Service, CRIS No. KCT0009901)0] S-2%|3ich thAAF 23] A] &
Aol gt 54, W&, AMEEA, 27| Mg L 97 A=
A Al g Aol sl et & ARl A SO E ekt A
T3e] =5 AAEA ol 2T & 22 e, At
7 &<t ofwgt Eol ol W] gFZ-S Arstgich SHE Ame F
oole} g AP otlal A 0 Bt ARRRRE AASHITE thE
A= AEA 35 & SAE Hote dAlA APwolA Al
H 22330 Y-8-Z FoFsto] 135]9] A& Algsteich

52

fol
)

i

of M

2

H A3Lo] Ap7 EA4-L IBM SPSS WIN ver. 23.0 2 T3 (IBM
Corp.)& ol&sto] A5ttt Adw =279 5848 25
23l X test, independent t-testS ol AFH 54 A5 SHATE
2F=.9] A4 A7 Shapiro-Wilk testz 3108, AFLTiAFA1]
Avtd B4 9 Al EAE &4 SAE silth 58S 574
TTE2 AFE H42 918 Cronbach’s a A5 217+ AH&skA
1, FEHURO] TRAF 72 Levene?] 5-EAN HP O & slGiTh
AT 2] SAHALE vl o] I AF-ARS 2AF 2po]
ol disll 87 AP S84S5 WSS Big(otof2h=
independent t-testE At L, FH EEE SHA] b2 LA
g, RRAAE)0] tjafr Mann-Whitney U tests, 4
I AP S BF RHESHA] 92 RIS -2)ol HisiAle &
¥ 2 2]5}0] ranked analysis of covariance (ANCOVA)E A5}
Ak JAed Folof g HMPAFESE Mo Ao e &
)= 7IHRIES} 5 ekl Allo] HA| Q) 20%E Z3sto] Fisher's

exact testS AAISIFT FolE2 .05 o|5H= S

H(65.2%)°19.0H, Ergei= A%
F4t 1579(65.2%) 02 YElSttt 7k dsof| e BAZH R fo%t
Aol 7} glo] T ek Unta] dl Atatd EAo| A FAstch AR
SEHAeo) Hiet 584 AP AT AR, FRAUE, Hololzt
oA T Hek 7+ §9gt Zol7t glo] SAstArh T A&
AgolAe = A 2 SAFOZ §o3 Zo|7t YERY BAEA
U2 A0 FRIE|o], FHF Aot T, ARF9-&0] A
7120103 PRk, 10-127, 1334 ool W & 2t L¥= ol
Zfolg Ho|x] kot 55t th(Table 2).

2.7124%d

1) 7k 1

ARz Hao FA A5 Aol gholl dis] Mann-Whitney U
tests o]-§oto] AT AT, AATLY] S92 AHE] i P(inter-
quartile range, IQR)= -5.008(IQR, 7.00), 2+ -1.004
(IQR, 17.00) 2.2 F At 7+ F-23t Zpo]7} lo](Z=-2.00 p=.023),
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Table 2. Homogeneity of baseline characteristics (N=44)

Characteristic Exp. (n=21) Cont. (n=23) X2 ortorZ p
Age range (yr) 1.15 587"
<30 7 (33.3) 7 (30.4)
31-34 8 (38.1) 12 (52.2)
235 6 (28.6) 4(17.4)
Mean age (yr) 32.4+2.08 31.942.60 -0.63 .533
Educational level 0.24 .622
<College graduate 5(23.8) 7 (30.4)
>University graduate 16 (76.2) 16 (69.6)
Religion 0.16 .761
Yes 7(33.3) 9(39.1)
No 14 (66.7) 14 (60.9)
Occupation 0.05 >.999
Yes 13 (61.9) 15 (65.2)
No 8 (38.1) 8 (34.8)
Family income (10,000 won/mo) 2.17 3947
<300 7 (33.3) 5(21.7)
300-<500 12 (57.1) 12 (52.2)
2500 2 (9.5) 6 (26.1)
No. of pregnancy 0.64 426
First 16 (76.2) 15 (65.2)
>Second 5 (23.8)" 8 (34.7)"
No. of delivery 0.76 .384
First 17 (81.0) 16 (69.6)
>Second 4(19.0) 7 (30.4)
Type of birth 0.74 541
Virginal birth 10 (47.6) 8 (34.8)
Cesarean section 1 (52.4) 15 (65.2)
Sex of newborn 0.13 .767
Boy 13 (61.9) 13 (56.5)
Girl 8(38.1) 10 (43.5)
Planning childcare assistance 0.78 .545
Yes 10 (47.6) 14 (60.9)
No 11 (52.4) 9(39.1)
Postpartum fatigue: 30-120 62.00+£12.74 54.52+11.91 -2.01 .051
Postpartum depression: 0-30 9.95+4.87 7.13+4.81 150 0317
Postpartum depression 4.03 1567
Normal: <10 11 (52.4) 17 (73.9)
Mild depression: 10-12 3(14.3) 4(17.4)
Severe depression: =13 7 (33.3) 2(8.7)
Marital intimacy: 15-75 59.81+6.87 62.65+5.87 1.48 147
Mother-infant attachment: 14-70 53.73+9.65 57.82+6.27 170.5 .0959

Values are presented as number (%) or meantstandard deviation.
Cont., control group; Exp., Experimental group; No., number.

“By Fisher’s exact probability test. "Each group included one mother with a history of one spontaneous abortion. 9By Mann-Whitney U test.

7Hd 12 A A= Y{cH(Table 3).

2)7t4 2
(1) #7Hd 2-1

AF9-g 50l SA A5 Zo] groll th3fl ranked ANCOVAE
o|-85fta] BAGH Ax}, AT -2.43+4.49%, T F- -0.17+2.813
O 8 T Yk 7FFY7E 2ol 7} glol(F=0.79, p=.380), F-7+4d 2-12
7)ZF=]Qith(Table 3).

https://www.jkan.or.kr

(@) 2744 2-2
A AT AT-E M40 Ao whet Al F(H-E, X

2, TR ERSIYE W, & AbR =

(42.9%), hZ2<- 27(8.7%) 2 & LEHTh T et 2HHl& Alol= 5

AHOZ Fogt xo] 7} Joi(Fisher exact test, p=.012), F7}4

2-2= AR = ATH(Table 4).
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Table 3. Effectiveness of the integrated healthcare program intervention (N=44)

Variable Pre Post Difference forForz .
Median (IQR)  Mean+SD Median (IQR)  Mean+SD Median (IQR)  Mean+SD

Postpartum fatigue -2.00 0237
Exp. 62.00 (12.50) 62.00+12.74 56.00 (12.00) 55.38+9.01 -5.00 (7.00) -6.62+11.03
Cont. 51.00 (17.00) 54.52+11.91  50.00 (17.00) 53.48+12.34  -1.00 (17.00) -1.04+11.81

Postpartum depression 0.79 380"
Exp. 9.00 (6.50) 9.95+4.87 7.00 (5.00) 7.5243.49 -2.00 (5.50) -2.43+4.49
Cont. 6.00 (6.00) 7.13+4.80 6.00 (5.00) 6.96+3.84 0.00 (2.00) -0.17+2.81

Marital intimacy -0.46 3267
Exp. 59.00 (10.50) 59.81+6.87 59.00 (12.00) 59.71+7.42 0.00 (4.50) -0.10+3.32
Cont. 51.00 (17.00) 62.65+5.87 62.00 (9.00) 61.65%£6.25 1.00 (5.00) -1.00+3.63

Mother-infant attachment 1.70 .048°
Exp. 53.73+9.65 57.0416.72 3.31+£4.99
Cont. 57.82+6.27 58.44+5.38 0.62+5.49

Cont., control group (n=23); Exp., experimental group (n=21); IQR, interquartile range; SD, standard deviation.

9By Mann-Whitney U test. ”By ranked analysis of covariance. “By independent t-test.

Table 4. Comparison of changes in postpartum depression status between groups (N=44)
] Difference

Variable ) 1 0 " 2 p

Postpartum depression 012”
Exp. 4(19.0) 5(23.8) 9 (42.9) 2 (9.5) 1(4.8)
Cont. 0(0.0) 2(8.7) 20 (87.0) 1(4.3) 0 (0.0)

Values are presented as number (%). —2: from severe depression to normal; —1: from severe depression to mild depression or from mild depression to
normal; 0: no change; 1: from normal to mild depression or from mild depression to severe depression; 2: from normal to severe depression.

Cont., control group (n=23); Exp., experimental group (n=21).
9By Fisher’s exact probability test.

3) 7t 3

Itofofja} H4=9] A AT Z}o] Zholl thsf independent t-testS:
olgstel Bt AT}, AL 3.3144.994, TR 0.6245.4940.
2 9oJ3t Zo]7} 9ol(t=1.70, p=.048), 7} 3& X| A ] QrHTable
3).

4)7td 4

FRADE H40] S AF 2ol groll tsf Mann-Whitney U
testS o]-sto] FAT Ax, AT St A9 W=
0.003(IQR, 4.50), =72 1.008(IQR, 5.00002 F+ Ak 7+ &
9]t Z}o] 7} 10(Z=-0.46, p=.326), 7}d 4= 712} =] JTH(Table 3).
k)

2 7= Cox [24]9] HA 7399 B8 Rde 7|E=
ARS7] APRLE 919 534 A7de] 2RI /et A-85to]
lars 7“50}“‘@ ﬂi:b’%i 4%?5?4, Ao A E =Tt &

IH

Sfo] ARRLo] 67&* 1°ﬂ ﬁﬁrﬂ U GRISHHT. FA7A] A
7] RS tdeR oF B9 e 2209 A ARkl

514

i}, B ATE A7) Amo] AR, HeA, BAA
o cloRet BAIE e B E8E R AR AL
2~
nn

7] 9loh 8T 4 U FA B9 Shtde g

(12.50)011 A1 3111 % 56.00%(12.00) 0.2 7rAsto] BAXHORE &
3} 2fo]2 K Qith o] Aul= =31y A7l L7 7o) Z
< 275100, W2 fure] tot 2912 BB FAY
Aua gt AFnRt ted 944 vz
20 Ayt AAF AEHA, GUAH, Solrd S oy 714 o
3t 89lo] B3 07 got ThAF 7 0.2 olsfstolof g
CH4,42]. 2 ob AAZEY FdaE T=]a AAE A 5ol
HobdE F¢E SAVE &b Q] HE|HEe] 2 4 k. £ A
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Development of a predictive model for
exclusive breastfeeding at 3 months
using machine learning : a secondary
analysis of a cross-sectional survey

Hyun Kyoung Kim

Department of Nursing, Kongju National University, Gongju, Korea

Purpose: This study aimed to develop a machine learning model to predict exclusive breastfeeding
during the first 3 months after birth and to explore factors affecting breastfeeding outcomes.
Methods: Data from 2,579 participants in the Korean Early Childhood Education & Care Panel between
March 1 and June 3, 2025 were analyzed using Python version 3.12.8 and Colab. The dataset was split
into training and testing sets at an 80:20 ratio, and five classifiers (random forest, logistic regression,
decision tree, AdaBoost, and XGBoost) were trained and evaluated using multiple performance metrics
and feature importance analysis.

Results: The confusion matrix of the random forest classifier model demonstrated strong performance,
with a precision of 86.6%, accuracy of 84.8%, recall of 96.8%, F1-score of 91.9%, and an area under
the curve of 86.0%. Twenty-one features were analyzed, from which feeding plan, breastfeeding at 1
month, marriage period, maternal prenatal weight, self-respect, alcohol consumption, grit, value placed
on children, maternal age, and depression emerged as important predictors of exclusive breastfeeding
in the first 3 months.

Discussion: A robust model was developed to predict exclusive breastfeeding that identified feeding
planning and breastfeeding at 1 month as the most influential predictors. The model could be imple-
mented in clinical and community settings to guide tailored breastfeeding support strategies, coupled
with the integration of maternal self-respect, grit, and the value placed on children in counseling pro-
grams to promote exclusive breastfeeding.

Keywords: Birth; Breast feeding; Machine learning; Pregnancy; Women

Introduction

Exclusive breastfeeding (EBF) is defined as receiving only breast milk—no other liquids or
solids—except for oral rehydration solutions, or drops or syrups containing vitamins, minerals,
or medicines, meaning that breast milk serves as the sole source of nutrition for the infant
during the early postpartum period [1,2]. The Healthy People 2030 Initiative set a goal to in-
crease the 6-month EBF rate from 27.2% (based on 2021 data) to 42.4% [2]. However, South
Korea has shown persistently low and declining breastfeeding rates in recent years. The EBF
rate at 3 months fell from 30.5% in 2018 to 19.3% in 2024, reflecting a significant downward
trend [1].

Breastfeeding offers substantial health benefits for both infants and mothers. It provides opti-
mal nutrition for infants, supporting healthy growth and development. Additionally, breastfeed-
ing reduces the risk of several short- and long-term illnesses. Breastfed children have a lower
risk of developing asthma, obesity, type 1 diabetes mellitus, and sudden infant death syndrome.
Breastfeeding is also associated with reduced maternal risk of type 2 diabetes mellitus, hyper-
tension, breast cancer, and ovarian cancer. Accordingly, the American Academy of Pediatrics

recommends EBF for the first 3 months of an infant’s life [3]. Research has underscored the im-
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portance of 3 months of EBF, linking it to a reduced risk of infan-
tile eczema up to 2 years of age, a 60% reduction in sudden infant
death syndrome, and a 62% decrease in postnatal mortality. Con-
tinuing breastfeeding until 3 months also lowered the risk of ul-
cerative colitis and childhood obesity [3].

Key predictors of exclusive breastfeeding at 3 months include
feeding intention, initial feeding practices, high breastfeeding
self-efficacy, positive attitudes toward breastfeeding, low confi-
dence in formula feeding, and fewer concerns about insufficient
milk supply [4]. EBF at 3 months has also shown positive associa-
tions with breastfeeding support following hospital discharge,
perceptions that formula has limited nutritional value, experienc-
es of mastitis, return to work, and vaginal delivery [5]. Additional
influential factors include prenatal intention to breastfeed, early
skin-to-skin contact, EBF at hospital discharge, maternal self-effi-
cacy, postpartum professional support, delayed introduction of
formula, and supportive partner involvement [6]. Moreover,
childbirth method, prenatal decisions regarding breastfeeding,
breastfeeding at 1 month, and participation in prenatal parenting
education programs have been identified as significant predictors
[7]. This study examined features differentiating EBF status by in-
corporating variables identified in previous research, using Bron-
fenbrenner’s ecological systems theory—a framework that con-
ceptualizes the individual’s environment as an interconnected
ecosystem. The analysis included a range of micro- to macro-level
influences, including individual, social, and institutional factors
(8].

The persistently low EBF rate in Korea has not been fully ex-
plained by existing research. While this study does not seek to ex-
plain causality behind low EBF rates, it focuses on distinguishing
breastfeeding status through data-driven classification. In this
context, machine learning techniques offer a promising approach
by enabling the identification of features that contribute to accu-
rate differentiation of EBF versus non-EBF cases. Only a few stud-
ies have applied machine learning methods: for instance, studies
in China [9] and Turkey [10] reported EBF rates at 6 months of
83% and 41%, respectively, compared to only 21% in Korea, un-
derscoring the need for a context-specific approach. Machine
learning provides a robust computational tool to manage high-di-
mensional, nonlinear data and reveal complex patterns that tradi-
tional methods may miss [11]. Accordingly, this study aimed to
develop a model to classify EBF status at 3 months postpartum
using machine learning, and to identify key features that contrib-

ute to this models classification performance.
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Methods
1. Study design

This study employed a secondary analysis using machine learn-
ing techniques to examine factors influencing EBF at the first 3
months. This study adhered to the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines.

2. Datasets

Publicly available data from the Korean Early Childhood Educa-
tion & Care Panel (K-ECEC-P) 2022, collected by the Korea Insti-
tute of Child Care and Education (KICCE) [12], were used. The
target population comprised mothers of children born in 2022.
When their infants were 3 months old, mothers completed an on-
line survey. Cross-sectional data on 3,380 mothers were obtained
from the 2022 K-ECEC-P dataset. Of these, 2,579 mothers report-
ed their breastfeeding status at 3 months and were included in the
analysis. Data were accessed for analysis on March 1, 2025. KICCE
provided the survey codebook, instrument profile, user guide, and
the dataset for public use. Survey items covered maternal demo-
graphic, obstetric, psychological, social, emotional, and behavioral
data. Twenty-one features were selected for analysis: maternal age,
marriage period, maternal prenatal weight, employment status,
number of children, twin pregnancy, type of birth, smoking, alco-
hol consumption, use of rooming-in, time of first breastfeeding,
skin contact with baby; use of nursery, use of babysitter, breastfeed-
ing at 0 months, breastfeeding at 1 month, feeding plan, self-re-

spect, grit, value placed on children, and depression.
3. Sampling

This study conducted a secondary analysis of the 2022
K-ECEC-P dataset, an anonymized public dataset provided by the
KICCE and accessed without modification from its official web-
site. KICCE identified the target population based on the most re-
cent national census data available at the time of the sampling de-
sign, utilizing the 2019 birth and death statistics from Statistics
Korea, and employed quota sampling using a list of medical insti-
tutions with delivery records as the sampling frame. The sampling
approach included both appropriate sampling units and frames to
ensure representative selection. The sample included 143 obstetric
clinics and hospitals nationwide, covering both regional and local
institutions. Pregnant women were recruited through in-person

interviews during visits to these facilities. Baseline survey I was

https://www.jkan.or.kr



Predictive analysis of exclusive breastfeeding

administered using tablet-assisted personal interviews at initial
contact.

Participants were mothers of children born between January
and August 2022 who had completed Baseline Survey I of the
K-ECEC-P. Exclusion criteria included childbirth prior to 2022
(i.e., preterm births), cases of miscarriage or infant death, and sit-
uations where the mother’s health was severely compromised. Ad-
ditional exclusions applied to participants who refused to partici-
pate, demonstrated repeated non-cooperation, or were unable to
complete the survey due to missing or invalid contact informa-
tion. Of the 3,380 eligible participants, 594 were excluded due to
non-response to the postpartum survey, 11 were excluded for not
responding to the main survey, and 196 were removed because of
excessive missing data. The final analytic sample comprised 2,579
participants, representing 76.3% of the initial eligible population.
Within the final sample, 495 mothers reported EBE while 2,084
mothers did not exclusively breastfeed, including 1,611 who used
formula feeding only and 473 who practiced mixed feeding (Fig-
ure 1). For the purposes of the machine learning analysis, the final
dataset was dichotomized into two groups: EBF (n=495) and
non-EBF (n=2,084).

4, Measurements

1) Label: exclusive breastfeeding
EBF was measured using a single question: “Please indicate the
feeding method according to your baby’s age in months,” with re-

» .

sponse options “l=exclusive breastfeeding,” “2=mixed (breast and
formula),” and “3=formula only” Responses of 2 and 3 were re-

coded to 0 for dichotomization.

2) Features
(1) Self-respect

Self-respect was assessed using the Korean version of the
Self-Respect Scale [13], adapted from the original Rosenberg
Self-Esteem Scale [14]. This 10-item scale uses a 4-point Likert re-
sponse format ranging from “not at all” (1) to “very true” (4).
Cronbachs alpha was .77 in the original and .83 in this study.

(2) Grit

Grit was measured using the Short Grit Scale (GRIT-S), devel-
oped by Duckworth and Quinn [15] and validated in Korean [16].
This 8-item scale uses a 5-point Likert format (“not at all’=1 to
“very true”=5). Cronbach’s alpha was .77 in the original and .83 in
this study.

(3) Value placed on children

The Value Placed on Children Scale assesses the importance
parents place on children, with eight items covering two subdo-
mains: emotional value (four items) and instrumental value (four
items) [17]. The scale uses a 5-point Likert response from “not at
all true” (1) to “very true” (5). Cronbach’s alpha was .88 in the
original and .95 in this study.

(4) Depression

Depression was measured using the Korean version of the Ed-
inburgh Postpartum Depression Scale (K-EPDS) [18], based on
the 10-item EPDS [19]. Each item is scored on a 4-point Likert
scale (0-3). Cronbachs alpha was .85 in the original and .79 in this
study.

Prenatal participants in the Korean Early Childhood Education &t Care

A4

Panel Baseline Survey in 2022 (N=3,380)

Excluded due to no response to the postpartum survey (n=594)

|

Participants remained at postpartum 1-month survey (n=2,786)

Excluded due to no response to the main survey (n=11)

}

Samples in machine learning (n=2,775)

A4

Excluded due to many missing values (n=196)

}

Samples assessed for eligibility (n=2,579)
[

v

v

Exclusive breastfeeding (n=495)

Formula only (n=1,611)
Mixed feeding (n=473)

Figure 1. Flow of study participants.
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(5) General and obstetric characteristics

Personal characteristics included maternal age (years), marriage
period (months), maternal prenatal weight (kg), employment sta-
tus (employed/unemployed), smoking (yes/no), and alcohol con-
sumption (yes/no), all self-reported. Obstetric characteristics in-
cluded number of children, twin pregnancy (yes/no), skin contact
with baby (yes/no), type of birth (normal spontaneous vaginal de-
livery / cesarean section, combining elective and emergency cas-
es), time of first breastfeeding (hours after birth), use of room-
ing-in (yes/no), use of nursery (yes/no), use of babysitter (yes/no),
breastfeeding at 0 months, breastfeeding at 1 month, and feeding
plan (yes/no), all self-reported.

5. Analysis

Supervised machine learning models were used to predict EBE,
employing Python ver. 3.12.8 (https://www.python.org/) and the
Google Colab environment ver. 1.2.0 (Colaboratory Chrome Ex-
tension; Google LLC). Python libraries used included Pandas,
NumPy, Matplotlib, and Scikit-Learn, with specific imports such
as matplotlib.pyplot as plt, seaborn as sns, plotly.express as px, sk-
learn, pandas as pd, and numpy as np for exploratory data analysis
(EDA) and data processing. EDA included examining variable
data types, assessing the distribution and normality of continuous
variables, and applying standardization using the StandardScaler
preprocessing method—specifically for the variable “marriage pe-
riod” The process also involved identifying missing values, detect-
ing outliers coded as “9999” for maternal prenatal weight, and
computing frequency counts for categorical variables. The
K-ECEC-P provided a pre-cleaned dataset, and missing values
were handled according to variable type: numerical values were
imputed with the mean, and categorical values with the mode
where applicable [20]. After preprocessing, the final analytic sam-
ple comprised 2,579 participants. Missing and outlier values were
managed according to variable type: means were used to impute
missing numerical data, and the mode was used for categorical
data where applicable [20]. However, no categorical variables in
this dataset contained missing values. Specifically, 18 missing val-
ues for marriage period were imputed with the mean. One miss-
ing value for the 3-month EBF variable was excluded from the
analysis. As a result, the final analytic sample remained at 2,579
cases. The dataset was split into training and test sets in an 80:20
ratio.

After preprocessing, the cleaned dataset was used to train and
evaluate random forest, logistic regression, decision tree, Ada-

Boost, and XGBoost classifier models. The performance of the
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five models was evaluated using accuracy, precision, recall, F1-
score, and area under the receiver operating characteristic curve
(AUC-ROC), as well as confusion matrices. Accuracy was defined
as the proportion of correct predictions (both positive and nega-
tive) out of all predictions. Precision was calculated as the propor-
tion of true positives among all positive predictions. Recall was
calculated as the proportion of true positives among all actual
positives. The F1-score balances precision and recall, representing
their harmonic mean. AUC-ROC assesses the model's ability to
discriminate between classes [21,22]. In addition, 95% confidence
intervals (CIs) for model performance metrics were estimated us-
ing the bootstrapping method. GridSearchCV was employed
during model development to perform hyperparameter tuning by
systematically searching for the optimal combination of parame-
ter values to improve model performance. After model selection,
important factors influencing EBF were assessed using absolute
feature importance, derived differently across models: for the de-
cision tree (Supplementary Figure 1) and random forest, impor-
tance was calculated based on the reduction in Gini impurity; for
logistic regression, it was determined using the absolute values of
standardized coefficients; for AdaBoost, it was obtained from the
weighted impurity decrease across weak learners; and for XG-
Boost, it was evaluated using the ‘gain’ metric, representing each
variable’s contribution to improving model performance [11,22].

6. Ethical statements

This study received approval from the Institutional Review
Board (IRB) of KICCE (approval no., KICCEIRB-2022-01), which
permitted the use of the dataset without additional IRB review. All
study procedures conformed to the Declaration of Helsinki, and

informed consent was obtained from all participants.

Results
1. Data characteristics

The study population had a mean maternal age of 33.5+4.16
years, with an average marriage period of 24.33+13.91 months, a
mean maternal prenatal weight of 68.05£12.17 kg, and an average
number of children of 1.45+0.65. Employed mothers accounted
for 50.7%, twin births for 5.1%, cesarean sections for 61.3%, alco-
hol consumption for 48.0%, smoking for 2.9%, and use of room-
ing-in for 70.6%. The timing of first breastfeeding was categorized
as follows: <1 hour (4.6%), >1-24 hours (24.3%), >24-48 hours
(20.8%), >48 hours-7 days (35.9%), and none (14.4%). Skin con-
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tact with the baby was reported by 47.3%. Use of nursery was re-
ported by 86.2% of mothers and 52.2% reported use of a babysit-
ter. Breastfeeding only at 0 months accounted for 24.6%,
breastfeeding only at 1 month for 23.3%, and feeding plan for
24.2%. The mean score was 30.18+5.01 for self-respect,
22.26+4.25 for grit, 25.84+4.86 for value placed on children, and
7.78+5.65 for depression. Breastfeeding at 3 months included EBF
(19.2%) and non-EBF (80.8%) (Table 1).

2. Model performance comparison

A confusion matrix was generated to compare five machine
learning models—decision tree, random forest, logistic regression,
AdaBoost, and XGBoost—using a confusion matrix. Model per-
formance metrics included accuracy, precision, recall, F1-score,
and AUC-ROC. The highest accuracy was observed with the ran-
dom forest model (84.8%; 95% CI, 83.4-86.2), while the lowest
was with the decision tree classifier (73.5%; 95% CI, 72.2-75.6).
AdaBoost demonstrated the highest precision (88.3%; 95% CI,
87.1-89.6), with random forest showing the lowest (86.6%; 95%
CI, 85.3-87.9). The random forest achieved the highest recall
(96.8%; 95% CI, 96.1-97.5), while the decision tree had the lowest
recall (78.7%; 95% CI, 77.1-80.3). The highest F1-score was also
seen in the random forest (91.9%; 95% CI, 89.0-95.7), with the
lowest in the decision tree (82.5%; 95% CI, 80.8-86.2). The high-
est AUC-ROC was recorded by both XGBoost and random forest
(86.0%; 95% CI, 84.7-87.3). Thus, except for precision, overall

model performance was superior in the random forest (Table 2).
3. Feature importance

The top 10 features important for predicting EBF were identi-
fied using the random forest. The most influential predictors at 3
months were feeding plan (.12; 95% CI, 0.09-0.14), breastfeeding
at 1 month (.11; 95% CI, 0.09-0.13), marriage period (.06; 95%
CI, 0.05-0.07), maternal prenatal weight (.06; 95% CI, 0.05-0.07),
self-respect (.05; 95% CI, 0.05-0.06), alcohol consumption (.05;
95% CI, 0.04-0.07), grit (.05; 95% CI, 0.04-0.05), value placed on
children (.05; 95% CI, 0.05-0.06), maternal age (.05; 95% CI,
0.04-0.05), and depression (.04; 95% CI, 0.04-0.05) (Table 3).

Discussion
This study developed a predictive model to classify mothers

practicing EBF at 3 months postpartum and identified key deter-

minants of EBE Grounded in Bronfenbrenner’s ecological systems
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Table 1. Characteristics of datasets (N=2,579)

Characteristic
Maternal age (yr)

Category Value
33.5+4.16 (17-49)
24.33+13.91 (6-62)
68.05+12.17 (45-125)

Marriage period (mo)
Maternal prenatal weight
(ko)

Employment status Employed 1,308 (50.7)
Unemployed 1,271 (49.3)
No. of children 1.45+0.65 (1-4)
Twin pregnancy Yes 131 (5.1)
No 2,448 (94.9)
Type of birth Normal delivery 997 (38.7)
Cesarean section 1,582 (61.3)
Alcohol consumption Yes 1,237 (48.0)
No 1,342 (52.0)
Smoking Yes 75 (2.9)
No 2,504 (97.1)
Use of rooming-in Yes 1,820 (70.6)
No 759 (29.4)
Time of first breastfeeding <1 hr 119 (4.6)
>1-24 hr 627 (24.3)
>24-48 hr 537 (20.8)
>48 hr-7 day 925 (35.9)
None 371 (14.4)
Skin contact with baby  Yes 1,221 (47.3)
No 1,358 (52.7)
Use of nursery Yes 2,222 (86.2)
No 357 (13.8)
Use of babysitter Yes 1,346 (52.2)
No 1,233 (47.8)
Breastfeeding at 0 mo  Breastfeeding only 635 (24.6)
Mixed 1,602 (62.1)
Formula only 342 (13.3)
Breastfeeding at 1 mo  Breastfeeding only 600 (23.3)
Mixed 1,171 (45.4)
Formula only 808 (31.3)
Feeding plan Yes 625 (24.2)
No 1,954 (75.8)
Self-respect 30.18+5.01(12-40)
Grit 22.26+4.25 (11-40)
Value placed on children 25.84+4.86 (9-40)
Depression 7.78+5.65 (0-29)
Breastfeeding at 3 mo  EBF 495 (19.2)
Non-EBF 2,084 (80.8)

Values are presented as meantstandard deviation (minimum-maximum)
or number (%).
EBE, exclusive breastfeeding.

theory, this study framework identified key contributors to distin-
guishing between EBF and non-EBF groups. The most influential
predictors were feeding plan and breastfeeding at 1 month. Mi-

crosystem-level factors included marriage period, maternal age,

523



Hyun Kyoung Kim

Table 2. Comparison of the performance of machine learning models (N=2,579)

Model Precision Accuracy Recall F1-score AUC-ROC

AdaBoost 88.3 (87.1-89.6) 82.4 (89.5-91.7) 90.6 (89.5-91.7) 89.6 (86.9-90.3) 84.0 (82.6-85.4)
XGBoost 87.5 (86.2-88.8) 84.6 (83.2-86.0) 93.6 (92.7-94.6) 90.7 (88.5-92.9) 86.0 (84.7-87.3)
Decision tree 87.0 (85.7-88.3) 73.5(72.2-75.6) 78.7 (77.1-80.3) 82.5 (80.8-86.2) 85.0 (83.6-86.4)
Random forest 86.6 (85.3-87.9) 84.8 (83.4-86.2) 96.8 (96.1-97.5) 91.9 (89.0-95.7) 86.0 (84.7-87.3)
Logistic regression 87.4 (86.1-88.7) 83.6 (82.2-85.1) 93.5 (92.6-94.5) 86.7 (83.4-88.4) 85.0 (83.6-86.4)

Values are presented as % (95% confidence interval).

F1-score, harmonic mean of precision and recall; AUC-ROC, area under the receiver operating characteristic curve.

Table 3. Top 10 feature importance values from the random forest
(N=2,579)

Feature Absolute importance (95% Cl) Real value
Feeding plan .12 (0.09-0.14) 0.12
Breastfeeding at 1 mo .11 (0.09-0.13) 0.11
Marriage period .06 (0.05-0.07) -0.06
Maternal prenatal weight .06 (0.05-0.07) -0.06
Self-respect .05 (0.05-0.06) 0.05
Alcohol consumption .05 (0.04-0.07) -0.05
Grit .05 (0.04-0.05) 0.05
Value placed on child .05 (0.05-0.06) 0.05
Maternal age .05 (0.04-0.05) -0.05
Depression .04 (0.04-0.05) -0.05

CI, confidence interval.

and employment status, while health-related variables such as ma-
ternal prenatal weight and alcohol consumption also contributed
substantially. Macro-system attributes—including grit, self-re-
spect, the value placed on children, and depression—further im-
proved the model’s classification performance.

In this study, the random forest demonstrated superior perfor-
mance among the five machine learning models. Feature impor-
tance differed between models; in the random forest, importance
was calculated by measuring how much each feature reduces im-
purity at each node. The random forest is widely recognized for its
superior predictive accuracy and robustness, particularly in han-
dling complex, high-dimensional data. It reduces overfitting by
aggregating multiple decision trees through bootstrap sampling
and random feature selection, thereby enhancing generalizability
across datasets [23].

Existing studies have primarily addressed breastfeeding out-
comes at 6 months or during the immediate postpartum period.
Previous machine learning studies for breastfeeding prediction
have reported accuracies ranging from 0.70 to 0.90 [9,10,24-26].
For instance, A¢ikgoz et al. [9] and Choi et al. [24] developed
models to predict EBF at 6 months using the random forest algo-
rithm, with reported accuracies of 0.72 and 0.76, respectively. Liu

et al. [10] also focused on 6-month outcomes using the random
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forest algorithm, reporting accuracies ranging from 0.77 to 0.90,
and further examined predictors including breastfeeding self-effi-
cacy, intention, social support, and postpartum depression. Oli-
ver-Roig et al. [25] and Walle et al. [26] analyzed breastfeeding ini-
tiation and early cessation during the in-hospital postpartum stay,
reporting accuracies of 0.84 and 0.83, using XGBoost and random
forest, respectively. Therefore, this study addresses a gap in the lit-
erature by developing a machine learning model specifically aimed
at predicting EBF at 3 months postpartum. It further contributes
by developing a predictive model tailored to the context of South
Korea, where the 3-month EBF rate remains relatively low [1].

The top predictors spanned both micro-system factors, such as
personal and demographic characteristics, and macro-system fac-
tors, such as values [8]. Unlike a previous study during the in-hos-
pital postpartum period, which found older maternal age and
normal body mass index increased EBF [25], this study identified
longer marriage duration—often accompanying delayed marriage
and advanced maternal age in South Korea—as associated with
lower EBF rates. Although no prior studies have directly exam-
ined marriage duration, an analysis of Korean data showed that
women aged 40-49 years had significantly lower odds of breast-
feeding than those aged 19-29 years (odds ratio, 0.47) [27]. Simi-
larly, research in the United Kingdom has linked maternal obesity
to reduced breastfeeding outcomes, potentially due to physiologi-
cal and psychological factors such as delayed lactogenesis and low
body confidence [28]. Feeding plan and breastfeeding at 1 month
were the strongest predictors, suggesting that early plans and ex-
periences critically influence sustained EBE This underscores the
importance of prenatal counseling and immediate postpartum
support.

This study also identified unique predictors not emphasized in
prior machine learning research [9,10,24-26], including alcohol
consumption, maternal grit, value placed on children, self-respect,
and depression. Compared to non-drinkers, those who quit, re-
duced, or resumed drinking had lower odds of breastfeeding [29].
Depression negatively affects breastfeeding self-efficacy, while so-
cial support and positive attitudes enhance it [30]. Although

https://www.jkan.or.kr
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self-respect and value placed on children have been less studied,
alignment with family-centered norms has been linked to stron-
ger breastfeeding beliefs and empowerment [31]. Grit, marked by
persistence despite adversity, has emerged as a distinguishing trait
among breastfeeding mothers [32]. Drawing on emotional avail-
ability theory, maternal psychological well-being—including
self-respect and depression—may influence breastfeeding through
emotional attunement and sensitivity toward the infant [33]. Mac-
ro-system characteristics such as self-respect, grit, and value
placed on children were also critical predictors, highlighting the
need for emotionally attuned, resilience-focused breastfeeding in-
terventions. Previous machine learning studies have analyzed var-
ious predictors of breastfeeding, including maternal health prob-
lems and drinking water access [9], self-efficacy [10], maternal
diabetes mellitus [24], neonatal weight, skin contact with baby,
and prior maternal breastfeeding experience [25], as well as ma-
ternal age, cesarean section, and access to healthcare facilities [26].
While sociodemographic variables were commonly included
across studies, the present study additionally incorporated behav-
ioral factors (feeding plan, breastfeeding at 1 month) and psycho-
logical factors (self-respect, grit, value placed on children), which
demonstrated strong predictive power for EBF at 3 months post-
partum. These findings suggest the models effectiveness in early
identification of mothers at risk of early breastfeeding cessation.
The inclusion of such multidimensional factors highlights the
strengths of machine learning in capturing complex interactions
beyond traditional biomedical predictors, supporting the appro-
priateness of the variable selection in this study.

This study has several limitations. First, although the K-
ECEC-P dataset is large and nationally representative, its
cross-sectional design limits causal inference between predictors
and EBF outcomes. Longitudinal data would allow for more ro-
bust predictive modeling and temporal interpretation. Second,
EBF was measured using a single self-reported item at 3 months
postpartum, which may introduce recall and social desirability
bias, potentially affecting classification accuracy. Third, although
this study incorporated a range of psychosocial, demographic, and
obstetric variables, key predictors identified in previous re-
search—such as breastfeeding self-efficacy, skin contact with baby,
workplace breastfeeding support, and history of lactation consul-
tation—were not available in the secondary dataset, potentially
limiting the models scope and comprehensiveness. Fourth, the
imputation of missing values using means or modes, although
necessary, may have introduced bias. Finally, these findings are
contextually based on Korean mothers and healthcare settings, so

caution should be exercised when generalizing to other popula-
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tions. Further external validation using diverse and longitudinal
cohorts is needed to confirm the robustness and applicability of
the model.

Conclusion

This study developed and evaluated machine learning models
to predict EBF at 3 months postpartum using data from the
K-ECEC-P. Among the five models tested, the random forest
demonstrated the best overall performance, with high accuracy,
precision, and AUC-ROC, making it a suitable tool for identifying
key predictors of EBE The analysis showed that early breastfeed-
ing behaviors—particularly feeding plan and breastfeeding at 1
month—were the strongest predictors of EBE Additionally, ma-
ternal psychological factors such as self-respect, grit, and value
placed on children had significant effects on sustained breastfeed-
ing. These findings underscore the importance of early interven-
tion during the prenatal and early postpartum periods to support
and encourage exclusive breastfeeding. Healthcare providers
should prioritize enhancing maternal psychological readiness and
reinforcing positive breastfeeding intentions and behaviors imme-
diately after birth. By applying machine learning to maternal and
infant health data, this study provides a data-driven framework
for targeted interventions aimed at improving breastfeeding out-
comes. Future research should employ longitudinal models and
diverse populations to enhance generalizability and support the

development of personalized breastfeeding support programs.
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matrices and the area under the receiver operating characteristic curve (ROC AUC).

Results: Among the 470 kidney transplant recipients with a mean age of 46.1+15.30 years, 322 (68.5%)
were males, and 74 (15.7%) were readmitted within 30 days after kidney transplantation. In total,
241 (51.2%) recipients were found to have experienced EHR after applying the random over-sampling
examples method. The random forest model achieved the best performance, with an ROC AUC of .87
(validation set) and .82 (test set). The 15 most important features were steroid pulse therapy (recipient),
cerebrovascular accident (recipient), heart failure (recipient), male sex (donor), cardiovascular disease
(recipient), weekend discharge (recipient), peritoneal dialysis (recipient) cerebrovascular accident as
the cause of brain death (donor), current smoker (recipient), cardiac arrest (donor), previous kidney
transplantation (recipient), age (donor), hypertension (donor), male sex (recipient), and dialysis duration
(recipient).

Conclusion: Our framework demonstrated strong predictive interpretability. It can support appropri-
ate and effective clinical decision-making by assisting transplant professionals in stratifying recipients
based on their risk of EHR. prioritizing post-discharge care and follow-up for high-risk individuals, and
allocating targeted interventions such as closer monitoring or education.

Keywords: Clinical decision-making; Decision support; Kidney transplantation; Machine learning; Pa-
tient readmission

Introduction

Kidney transplantation (KT) is the optimal renal replacement therapy option for patients
with end-stage renal disease (ESRD) compared with dialysis [1]. Successful KT reduces mor-

bidity and mortality in these patients, improves quality of life, and is a cost-effective alternative
© 2025 Korean Society of Nursing Science

to dialysis [2].
This is an Open Access article distributed Early hospital readmission (EHR), defined as an unplanned hospitalization within 30 days
under the terms of the Creative Commons post-KT discharge [3], is a prevalent and significant issue. Approximately 30% of KT recipients
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in the United States and Korea are readmitted within this period, with several European cohorts

other surgical procedures. EHR in KT recipients is associated with markedly worse outcomes,
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subsequent readmissions, and up to a 75% increase in mortality
[6-11]. Consequently, reducing EHR remains a critical priority for
transplant healthcare providers and systems.

Several factors contribute to the elevated readmission risk. KT
is frequently performed on patients with compromised baseline
health due to ESRD, and many recipients have pre-existing co-
morbidities, including diabetes, hypertension, and cardiovascular
disease (CVD) [12,13]. The long-term burden of chronic illness
and associated frailty heightens postoperative vulnerability.
Post-discharge, KT recipients must follow complex immunosup-
pressive regimens, which increase the risks of infection, metabolic
disturbances, and drug-related toxicities [12]. Additionally, do-
nor-related and procedural factors contribute to post-transplant
complications and elevated EHR risk. Donor-specific factors in-
clude age, cause of death, and cerebrovascular history, while trans-
plant process characteristics include cold ischemic time, induction
therapy, and duration of intensive care unit (ICU) stay [7]. Policy-
makers and health insurance services generally use the 30-day
EHR rate as an important proxy for evaluating hospital quality
due to its strong correlation with mortality [14]. Common causes
of EHR within this period include infections, acute rejection epi-
sodes, surgical complications, fluid imbalances, and adverse ef-
fects from immunosuppressive therapy, all typically occurring in
the early postoperative phase post-KT [6,15].

Previous studies indicate that many EHRs are preventable
through timely and coordinated interventions, including early
outpatient recipient follow-up, medication reconciliation, and tar-
geted recipient education [16]. They emphasize the importance of
identifying high-risk recipients who could benefit from these in-
terventions. However, specific risk factors contributing to EHR
remain inconsistently reported, with many studies based on the
US healthcare systems, limiting their applicability to Korea due to
differences in clinical practice, healthcare access, and recipient
management protocols [17]. Population-specific evidence on Ko-
rean KT recipients also remains limited. Therefore, identifying
risk features within the Korean clinical setting is critical for guid-
ing risk-based surveillance and improving recipient outcomes.

Prediction models have been employed for risk assessment in
healthcare settings in the past [6]. These multivariable logistic re-
gression models facilitate early identification of individuals at risk
of illness or adverse events, enabling effective interventions for
those who could benefit the most from identifying specific risk
factors. However, only a few studies attempt to predict EHR post-
KT, reporting a low accuracy of .61-.69 [18]. These data are fre-
quently restricted to surveillance datasets of varying quality and

limited granularity. Prior studies also focus exclusively on isolated
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features associated with EHR post-KT, thereby limiting their im-
pact [19,20].

Notably, machine learning (ML) methods have gained traction
in healthcare for outcome prediction and clinical decision support
due to their ability to model complex, non-linear relationships in
structured clinical data [21]. Compared with traditional linear
models, including logistic regression, ML approaches provide en-
hanced predictive accuracy for hospital readmission by utilizing
flexible algorithms that capture intricate interactions among fea-
tures [22]. ML methods are particularly advantageous because: (1)
They automatically detect non-linear relationships and higher-or-
der interactions without requiring a predefined model structure
[23], which is vital for predicting EHR post-KT, where multiple
recipient, donor, and perioperative factors interact. (2) ML facili-
tates the incorporation of numerous features. In our study, these
features were selected based on prior literature and clinical rele-
vance. Although feature selection was not entirely automated, the
ML models effectively evaluated each feature’s significance and
optimized prediction performance by their relative contributions.
ML models are typically scalable to large datasets. However, our
dataset includes 470 transplant cases, which is smaller than na-
tional registry cohorts but remains statistically adequate. It in-
cludes comprehensive, multi-dimensional clinical features across
recipient, donor, and transplant process domains. This sample size
is comparable to prior ML-based transplantation studies [24] and
supports predictive modeling with meaningful interpretation and
internal validation.

Therefore, the study aimed to address previous research limita-
tions [18,25] that primarily utilize linear models to identify EHR risk
factors in KT recipients. We applied ML techniques to Korean kid-
ney transplant data to predict EHR risk. Besides recipient-related
features, this study incorporated donor-specific factors and the trans-
plant process characteristics. Here, complex factors refer to the com-
bined influence of donor, recipient, and procedural features on EHR.
While ML methods can model interactions, our analysis focused on
identifying key predictors using feature importance from algorithms
including decision tree (DT), random forest (RF), extreme gradient
boosting (XGBoost), and support vector machine (SVM). The de-
veloped models may support risk stratification and early interven-
tion for preventing EHR in KT recipients [26].

Methods
1. Data extraction and content

This retrospective observational cohort was derived from the
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electronic medical record (EMR) system of a single university
transplant center in South Korea and reported following the
Strengthening the Reporting of Observational Studies in Epide-
miology guidelines. The inclusion criteria were (1) KT recipients
aged >18 years; (2) those who underwent KT between January 1,
2000, and December 31, 2022; and (3) those who received fol-
low-up care at the study institution. Recipients were excluded if
they were lost to follow-up within 30 days.

Data were extracted from the EMR system between April 1 and
August 31, 2024. A researcher with prior experience in transplant
data abstraction and serving as a KT coordinator retrieved the
data from the hospitals transplant center. A board-certified trans-
plant nephrologist reviewed all data to ensure clinical validity.

The primary outcome was unplanned rehospitalization within
30 days of discharge from the index hospitalization during which
KT was performed. Only unplanned hospital readmissions were
included, defined as the first unexpected inpatient admission, in-
cluding those occurring through the emergency room. Planned
readmissions—including protocol biopsies, scheduled follow-up
procedures, or elective admissions—were excluded from the out-
come’s definition to focus on clinically relevant, unanticipated
events.

Features were selected based on our clinical experience and pri-
or research [3,6,27-29]. The features included in the model were
initially selected for their clinical relevance and further refined
through consultation with a multidisciplinary team comprising a
transplant physician, nurse, and transplant coordinator. They were
organized as follows: (1) donor-related characteristics (e.g., age,
sex, and cause of brain death), (2) recipient-related characteristics

(e.g., body mass index, number of the human leukocyte antigen

mismatch, and dialysis modality and duration), and (3) transplant
process factors (e.g., cold ischemic time, induction immunosup-

pression, and delayed graft function) (Table 1).

2. Statistical analyses

Clinically relevant features were selected and statistically as-
sessed for associations with EHR using appropriate parametric
and non-parametric tests. All statistical analyses were performed
using STATA ver. 18.0 (Stata Corp., 2023) and R software ver. 4.3.2
(R Core Team, 2023; https://www.R-project.org/). Descriptive sta-
tistics were generated using means and standard deviations for
continuous features, and frequencies and percentages for categori-
cal features. To compare the predictive features between recipients
readmitted within 30 days post-KT and those not readmitted
within 30 days, the t-test and chi-square or Fisher’s exact test were
used for continuous and categorical features, respectively. A
two-sided p-value <.05 was considered statistically significant for
all tests.

3. Preprocessing

1) Handling missing data

A notable proportion of cases were labeled as “unknown” for
some categorical variables, such as diabetes mellitus, cardiac ar-
rest, and panel reactive antibody (PRA). Rather than removing
these observations or applying imputation, we retained “un-
known” as a distinct categorical variable since it may represent
clinically relevant uncertainty or an unrecorded status in re-

al-world settings. This approach preserves sample integrity and

Table 1. Comparison of baseline characteristics between KT recipients with and without early hospital readmission (N=470)

Characteristic Total (N=470)

Readmission within 30 days (n=74)

No readmission within 30 days (n=396) p

Donor-related characteristics

Body mass index (kg/m?) 24.23+3.14
Age (yr) 46.1+15.30
Sex
Male 246 (52.3)
Female 224 (47.7)
Cardiac arrest
No 142 (30.2)
Yes 72 (15.3)
Unknown 256 (54.5)
Cause of brain death
Accident 121 (25.7)
Cerebrovascular accident 104 (22.1)
Others 245 (52.1)

23.76+2.95 24.31+3.17 144
48.5+15.80 45.7+15.20 170
482
42 (56.8) 204 (51.5)
32 (43.2) 192 (48.5)
343
28 (37.8) 114 (28.8)
11 (14.9) 61 (15.4)
35 (47.3) 221 (55.8)
061
18 (24.3) 103 (26.0)
25 (33.8) 79 (19.9)
31 (41.9) 214 (53.0)
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Table 1. Continued

Characteristic

Total (N=470)

Readmission within 30 days (n=74)

No readmission within 30 days (n=396) p

Diabetes mellitus
No
Yes
Unknown
Hypertension
No
Yes
Unknown
Creatinine (mg/dL)
Recipient-related characteristics
Duration of dialysis (yr)
Human leukocyte antigen mismatch
Body mass index (kg/m?)
Post-KT admission day
Discharge
Weekday
Weekend
Age (yr)
Sex
Male
Female
KT type
Deceased donor KT
Living donor KT
ABO-incompatible transplantation
No
Yes
Heart failure
No
Yes
Lung disease
No
Yes
Cardiovascular disease
No
Yes
Cerebrovascular accident
No
Yes
Peripheral vascular disease
No
Yes
History of orthopedic surgery
No
Yes
No. of any other comorbid condition

0
1
2
3

>4

422 (89.8)
22 (14.7)
26 (5.5)

375 (79.8)
69 (14.7)
26 (5.5)

1.07+0.70

3.60+4.30
3.56%1.40
22.55+4.40
19.00+7.80

434 (92.3)
36(7.7)
47.1£12.00

322 (68.5)
148 (31.5)

312 (66.4)
158 (33.6)

426 (90.6)
44 (9.4)

412 (87.7)
58 (12.3)

445 (94.7)
25(5.3)

445 (94.7)
25 (5.3)

421 (89.6)
49 (10.4)

443 (94.3)
27 (5.7)

450 (95.7)
20 (4.3)

340 (72.4)
120 (25.5)
8(1.7)
1(0.2)
1(0.2)

66 (89.1)
1(1.4)
7(9.5)

5

—

74.3)

3.85%3.90

3.63%1.40
22.84+3.60
19.35+10.60

62 (83.8)
12 (16.2)
49.5+£12.70

48 (64.9)
26 (35.1)

48 (64.9)
26 (35.1)

70 (94.6)
4(5.4)

61(82.4)
13 (17.6)

71 (95.9)
3(4.1)

74 (100)

.103
356 (89.9)
21 (5.3)
19 (4.8)
232
320 (80.8)
57 (14.4)
19 (4.8)
1.06+0.70 453
3.5614.40 562
3.55+1.40 639
22.50+4.60 471
18.93+7.20 747
.005
372 (93.9)
24 (6.1)
46.6+11.80 074
549
274 (69.2)
122 (30.8)
867
264 (66.7)
132 (3.3)
291
356 (89.9)
40 (10.1)
194
351 (88.6)
45 (11.4)
.805
374 (94.4)
22 (5.6)
0527
371 (93.7)
25 (6.3)
2607
352 (88.9)
44 (11.1)
6827
372(93.9)
24 (6.1)
>.999”
379 (95.7)
17 (4.3)
661
291 (73.5)
97 (24.4)
6 (1.5)
1(0.3)
1(0.3)
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Table 1. Continued

Characteristic Total (N=470)  Readmission within 30 days (n=74) No readmission within 30 days (n=396) p

Hypertension N7
No 65 (13.8) 15 (20.3) 50 (12.6)
Yes 405 (86.2) 59 (79.7) 346 (87.4)

Smoking habit .629
Nonsmoker 343 (73.0) 51 (68.9) 292 (73.7)
Ex-smoker 78 (16.6) 15 (20.3) 63 (15.9)
Current smoker 49 (10.4) 8 (10.8) 41 (10.4)

Drinking habit .902
Does not drink alcohol 371 (78.9) 57 (77.0) 314 (79.3)
History of drinking 71 (15.1) 12 (16.2) 59 (14.9)
Current drinking 28 (6.0) 5 (6.8) 23 (5.8)

Diabetes mellitus .350
No 305 (64.9) 44 (59.5) 261 (65.9)
Yes 165 (35.1) 30 (40.5) 135 (34.1)

Hepatitis B .652
No 437 (93.0) 70 (94.6) 367 (92.7)
Yes 29 (6.1) 4 (5.4) 25 (6.3)
Unknown 4(0.9) 0(0) 4(1.0)

Cancer 972
No 441 (93.8) 70 (94.6) 371(93.7)
Yes 29 (6.2) 4 (5.4) 25 (6.3)

Dialysis type .358
Hemodialysis 429 (91.3) 65 (87.8) 364 (91.9)
Peritoneal dialysis 41 (8.7) 9(12.2) 32(8.1)

Panel reactive antibody >500 173
No 311 (66.2) 42 (56.8) 269 (67.9)
Yes 53 (11.3) 11 (14.8) 42 (10.6)
Unknown 106 (22.5) 21 (28.4) 85 (21.5)

Previous KT .748
No 427 (90.9) 66 (89.2) 361 (91.2)
Yes 43 (9.1) 8 (10.8) 35(8.8)

Transplant process factors

Cold ischemic time (min) 113.73+111.70 122.39+122.20 112.12+111.70

Delayed graft function
No 438 (93.2) 65 (87.8) 373 (94.2)
Yes 32 (6.8) 9(12.2) 23 (5.8)

Induction immunosuppression >.999”
Bacilimab 411 (87.4) 65 (87.8) 346 (87.4)
Anti-thyroglobulin 59 (12.6) 9(12.2) 50 (12.6)

Intensive care unit stay (day) 4.65+2.30 4.06+2.40 4.76+2.20 .021

Creatinine at discharge 1.51£1.30 1.54+1.10 1.51£1.30 .808

Steroid pulse therapy .001
No 436 (92.8) 57 (77.0) 379 (95.7)
Yes 34(7.2) 17 (23.0) 17 (4.3)

Values are presented as meantstandard deviation or number (%) unless otherwise stated.
KT, kidney transplantation.
“By Fishier exact test.

reflects potential underlying patterns in clinical data. Tree-based We excluded participants with >10% missing data. Among the
models, including RF and XGBoost, are known to handle such 650 KT recipients, 470 were included in the primary analysis.

categories robustly without requiring explicit imputation. Continuous features were imputed using cohort means, and cate-
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gorical features using cohort modes, based on the following ratio-
nale: (1) residual missingness was low, (2) single-value imputation
preserves sample size, and (3) subsequent tree-based algorithms
are inherently robust to minor variance distortion introduced by
mean/mode substitution.

2) Data encoding and scaling

Categorical features were handled differently depending on
each ML algorithm’s requirements. They were specified as factors
in R for DT, RE and SVM, enabling each model to process them
without explicit encoding. Additionally, categorical features were
one-hot encoded since XGBoost does not directly support them.
For continuous features, neither standardization nor normaliza-
tion was applied since tree-based models (e.g., RE, DT, and XG-
Boost) do not require feature scaling. ML algorithms were em-
ployed to predict EHR post-KT since they are robust against
issues including overfitting and collinearity [30]. Random
over-sampling examples (ROSE) resampling was applied only
within the training folds during cross-validation (CV). Stratified
sampling based on EHR status was used to preserve the original
distribution of the target feature.

3) Class balance

To address class imbalance—where only 15.7% (74/470) of re-
cipients experienced EHR—we applied the ROSE method to the
training set alone. ROSE synthetically increased the minority class
prevalence to approximately 51%, while preserving the overall
feature distribution [31,32]. This technique generates synthetic
data points for the minority class using a smoothed resampling
approach, which is more robust than simple duplication and helps

prevent overfitting [30].
4. Model construction

We developed four ML models to predict EHR after KIT—DT,
RE XGBoost, and SVM with a radial basis function kernel (SVM-
RBF)—chosen for their ability to model non-linear relations in
structured clinical data. Because SVM is distance-based, continu-
ous variables were min-max scaled as described in preprocessing.
To balance complexity and generalization, we searched the follow-
ing hyperparameter ranges: DT cp 0.001-0.05, RF mtry 3-10,
SVM-RBF C € {0.1, 1, 10} with sigma fixed at 0.01, and for XG-
Boostn € {0.3, 0.4}, max_depth 1-3, subsample {0.50, 0.75, 1.00},
up to 140 boosting rounds. Hyperparameters were tuned via grid
search, with the cross-validation (CV) protocol, model-selection

criteria, and performance results detailed in Model Evaluation.
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XGBoost grid outcomes are summarized in Supplementary Fig-

ure 1, and CV summaries in Supplementary Table 1.

5. Model evaluation

We adopted a leakage-free evaluation protocol following model
construction. The dataset was split once into training/validation/
test sets (80%/10%/10%) using stratified sampling by EHR status.
All hyperparameter tuning and model selection were performed
only on the training data via stratified 10-fold CV with grid
search; all preprocessing and any class-imbalance handling were
fit within the training folds and applied to the hold-out sets with-
out refitting.

The primary metric was the receiver operating characteristic
curve (ROC AUC), and secondary metrics were the precision-re-
call curve (PRC AUC), F1-score, accuracy, sensitivity, and speci-
ficity. For thresholded metrics, a single probability threshold was
fixed by maximizing the mean F1 across training-CV folds and
then held constant for validation and test. Uncertainty for ROC/
PRC AUCs was quantified with nonparametric bootstrap (1,000
resamples) on the validation and test sets. CV summaries are re-
ported in Supplementary Table 1.

For XGBoost, grid search evaluated learning rate (n € {0.3,
0.4}), max_depth (1-3), subsample (0.50, 0.75, 1.00), and the
number of boosting iterations (=100). The highest cross-validated
ROC AUC (approximately .78) was obtained at n=0.3, max_
depth=2, and subsample=1.00 (see Supplementary Figure 1),
which guided the final hyperparameters used in subsequent anal-
yses. Across models, RF and XGBoost were retained as the top
performers; on the validation/test sets they achieved accuracy
around .70-.79, F1-score of .79, and ROC AUC between .79 and

.87, as summarized in Table 2.

6. Feature importance analysis

Permutation feature importance was computed from RF and
XGBoost to identify major predictors of EHR. Additionally, a
shallow DT was fitted as an illustrative surrogate model for visual-
ization (Figure 1). Each node within the model processes data
based on specific features, while the leaf nodes present the final
prediction outcomes, indicating EHR status with “yes”

7. Ethical considerations

The Institutional Review Board of the National Hospital ap-

proved this study and granted a waiver of informed consent (No.
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Table 2. Model evaluation via cross-validation (N=470)

Accuracy (95% CI) F1-score Sensitivity Specificity ROCAUC  PRC AUC (95% CI)”
Decision tree 0.74 (0.53-0.90)
Validation set 0.72 (0.57-0.84) 0.51 0.63 0.83 0.73
Test set 0.60 (0.45-0.74) 0.51 0.40 0.83 0.61
Random forest 0.90 (0.78-0.97)
Validation set 0.79 (0.63-0.89) 0.79 0.83 0.74 0.87
Test set 0.79 (0.65-0.90) 0.79 0.76 0.83 0.82
XGBoost 0.82 (0.66-0.92)
Validation set 0.70 (0.55-0.83) 0.79 0.79 0.61 0.79
Test set 0.79 (0.65-0.90) 0.79 0.76 0.83 0.81
Support vector machine 0.76 (0.56-0.90)
Validation set 0.66 (0.51-0.79) 0.68 0.71 0.61 0.74
Test set 0.67 (0.52-0.80) 0.68 0.68 0.65 0.72

AUG, area under the curve; CI, confidence interval; PRC, precision-recall curve; ROC, receiver operating characteristic curve; XGBoost, extreme

gradient boost.
“PRC 95% CI results obtained from bootstrapping (1,000 repetitions).

2024-01-057-002) since it involved the use of existing, de-identi-
fied retrospective data without direct interaction with or addition-

al risk to the participants.

Results
1. Demographic and clinical characteristics

Among the 470 identified KT recipients, 74 (15.7%) were read-
mitted within 30 days post-KT. The original imbalanced samples
were upsampled using the ROSE method, resulting in 241 read-
mitted (51.2%) and 229 non-readmitted (48.8%) recipients.

The mean post-KT hospital stay was 19 days, with 92.3% of re-
cipients discharged on weekdays (Table 1). Baseline characteristics
were compared between the two groups based on the EHR status
(Table 1). Differences were observed between the groups in terms
of recipient discharge days (weekdays or weekends), duration of
ICU stay post-KT surgery, and administration of steroid pulse
therapy (all p<.05).

2. Model evaluation

Table 2 summarizes each ML model’s performance metrics
based on validation and test datasets. Overall, the RF and XG-
Boost models demonstrated the highest predictive performance,
while the SVM and DT models showed relatively lower but inter-
pretable outcomes.

The RF model achieved the highest accuracy on validation (.79;
95% CI, 0.63-0.89) and test (.79; 95% CI, 0.65-0.90) sets. It exhib-
ited balanced sensitivity (.83) and specificity (.74) in the validation
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set, along with an ROC AUC of .87 and a high PRC AUC of .90
(95% CI, 0.78-0.97), indicating strong discrimination and preci-
sion-recall balance. The XGBoost model showed slightly lower
performance in the validation set (accuracy, .70; 95% CI, .55-.83;
ROC AUC=.79), but matched the RF model in test set accuracy
(.79; 95% CI, .65-.90). Its test set ROC AUC was .81, and PRC was
.82 (95% CI, .66-.92), suggesting that despite potential sensitivity
to overfitting during training, it demonstrated strong generaliz-
ability in external evaluation. The SVM model demonstrated
moderate classification performance [33], as evidenced by its vali-
dation and test accuracies of .66 (95% CI, .51-.79) and .67 (95%
CI, .52-.80), respectively, which were lower than those of the RF
and XGBoost models (both .79) but higher than those of the DT
model (.60) in the test set. Its ROC AUC scores were .74 (valida-
tion) and .72 (test), and the PRC AUC was .76 (95% CI, .56-.90),
indicating fair but suboptimal discriminative ability. According to
prior benchmarks [34], ROC AUC values between .70 and .80 are
typically interpreted as acceptable or moderate in classification
tasks involving imbalanced datasets. The SVM provided stable but
less discriminative performance than the tree-based models, sup-
porting its classification as a moderately effective model for EHR
prediction in this context. While the DT model showed moderate
performance in the validation set (accuracy, .72; 95% CI, .57-.84;
ROC AUC=.73) [33], it experienced a notable performance drop
on the test set (accuracy, .60; 95% CI, .45-.74; ROC AUC=.61).
Sensitivity declined markedly to .40, although specificity remained
relatively high (.83). The PRC AUC of .74 (95% CI, .53-.90) con-
firmed its limited generalizability compared to other models.

As shown in Table 2 and Supplementary Figure 1, model per-

formance was compared across four classifiers. Among them, the
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RF model achieved the most stable and superior performance
across validation and test datasets, recording the highest ROC
AUC (validation=.87, test=.82) and F1-score (.79). These results
formed the basis for selecting RF as the primary model for further
interpretation and feature importance analysis.

3. Feature importance

Figure 1 depicts the DT models structure used to predict EHR
post-KT. The root node begins with steroid pulse therapy, and
each subsequent split is determined by key clinical features, in-
cluding the brain-dead donor due to cerebrovascular accident
(CVA), donor sex, discharge day (weekend vs. weekday), heart
failure, and dialysis modality. Each node presents the predicted
outcome (EHR=1 or 0), associated probability of readmission, and
population proportion represented. Blue and red nodes indicate
predicted (EHR=1) and no (EHR=0) readmission, respectively.
This tree structure visually illustrates how combinations of clinical
conditions step-wisely stratify risk.

The first criterion was whether the recipient had received pulse
steroid therapy. If a recipient did not receive this therapy (val-

8]

No
0.34
56%
Heart failure
(Recipient)=0

PD=0
33 ) z
Yes Yes
0.65 0.61
5% 8%

Weekend discharge=1—

CVA (donor)=0

0.69
7%

ue=0), the probability of not being readmitted was 44%, repre-
senting 85% of the sample. However, readmission probability in-
creased to 90% if a recipient received steroid pulse therapy
(value=1), representing 15% of the sample. The second criterion
was whether the brain-dead donor was due to CVA. Among re-
cipients who did not receive steroid pulse therapy, those whose re-
cipients did not become brain-dead donor due to CVA (value=0)
showed a 38% probability of avoiding readmission, representing
63% of the sample. Conversely, readmission probability increased
to 64% if the brain-dead donor was due to CVA (value=1). The
third criterion was donor sex. Among recipients with a brain-dead
donor due to CVA, the readmission probability was 83% if the do-
nor was female (value=0), representing 13% of the sample. If the
donor was male (value=1), the probability of not being readmitted
was 34%. The fourth criterion was discharge day (weekend vs.
weekday). Readmission probability was 34% if the recipient was
discharged on a weekend (value=1) but increased to 69% if dis-
charged on a weekday (value=0). For cases involving weekend
discharge (value=1), the DT advanced to the next split based on
heart failure status. Readmission probability was 61% if the recipi-
ent had heart failure (value=1). If the recipient did not have heart

- Male donor=1

Figure 1. Decision tree for predicting early hospital readmission (EHR) after kidney transplantation. A value of “yes” indicates patients who were
readmitted within 30 days (EHR=1, blue nodes), while “no” indicates non-readmitted cases (EHR=0, red nodes). CVA, cerebrovascular accident;

PD, peritoneal dialysis.
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failure (value=0), the DT proceeded to another split, where read-
mission probability increased to 65% if the recipient had received
peritoneal dialysis (value=1).

We analyzed the importance of various features using the RF
and XGBoost models, both of which demonstrated relatively high
accuracy in predicting EHR post-KT. Figure 2 illustrates the im-
portance of the best-performing RF and XGBoost models. Feature
importance analysis in the RF model showed that steroid pulse
therapy was the most influential feature, with a feature importance
score of .12, greatly impacting the models predictions. Other criti-
cal features included CVA (donor), heart failure (recipient), male
sex (donor), and CVD (recipient), all of which played a vital role
in predicting readmission. Since RF assesses feature importance
by evaluating numerous DT, these features could be key decision
points across multiple trees. Similarly, analysis of the XGBoost
model identified steroid pulse therapy as the most influential fea-
ture, aligning with the findings of the RF model.

The importance of steroid pulse therapy in the XGBoost model
was even more pronounced, with a feature importance score of
.19, compared with .12 in the RF model, indicating a relatively

Feature importance using the random forest model

Steroid pulse Tx?
CVAR

Heart fallure®

Male®

CVDR

Weekend discharge®
PDR

Brain death d/t CVA?
Current smoker?
Cardiac arrest®
Previous KTR

Age®

HTNP

Male®

Duration of dialysis®

o
[3,]

greater weight placed on this variable during prediction. This dif-
ference reflects the boosting mechanism of XGBoost, which itera-
tively emphasizes difficult-to-classify instances, thereby amplify-
ing the contribution of key features such as steroid pulse therapy.
Additional significant features included cold ischemic time (do-
nor), the number of any other comorbid conditions (recipient),
age (recipient), and dialysis duration (recipient). The XGBoost
model, which utilizes a boosting algorithm, builds trees iteratively
by correcting errors from previous iterations, resulting in a higher
importance being assigned to some features.

Collectively, the results of the feature importance analysis from
both models suggested that key features, including steroid pulse
therapy, brain-dead donor due to CVA, recipient comorbid condi-
tions, and dialysis-related factors, play a critical role in predicting
EHR post-KT. Although RF and XGBoost assess differently, both
models identified similar feature importance. A detailed analysis
of specific features may further aid in improving the developed

models’ performance.
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=
o
-
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Feature importance using the XGBoost model

Steroid pulse Tx®
Comorbld condition?
ciTe

Age?

Duration of dialysis®
Post KT Adm day®
BMIP

CreatinineR

Age®

BMIR

Male®

ICU stayR

HLA mismatchR
Heart fallure®
Weekend dischargeR

o
b
o
@

o
o
o
o
o
©

Figure 2. Comparison of feature importance between random forest and XGBoost models. Feature importance for early hospital readmission
prediction using random forest (A) and extreme gradient boosting (XGBoost) (B). Steroid pulse therapy was the strongest predictor in both models,
followed by cerebrovascular accident (CVA), comorbid conditions, and dialysis duration. Comorbid condition; the number of any other comorbid
disease. CIT, cold ischemic time; CVA, cerebrovascular accident; BMI, body mass index; CVD, cardiovascular disease; d/t, due to; HLA, human
leukocyte antigen; HTN, hypertension; ICU, intensive care unit; KT, kidney transplantation; PD, peritoneal dialysis; Tx, therapy.
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Discussion

We developed and validated an ML-based model to predict
EHR post-KT using a dataset from Korean KT recipients. The RF
model tested on the test set demonstrated high predictive perfor-
mance (ROC AUC=.82) and identified 15 key clinical predictors,
including steroid pulse therapy, brain-dead donor due to CVA,
and donor-related characteristics. These findings suggest that in-
tegrating this model into clinical workflows enhances individual-
ized risk assessment and supports risk-based post-transplant care
planning, particularly for high-risk populations. The early and da-
ta-driven identification of at-risk recipients can enable more pre-
cise allocation of follow-up resources, targeted nursing interven-
tions, and closer clinical monitoring.

EHR occurred in 15.7% of KT recipients in this study, a rate
slightly lower than those reported in studies from the United
States (18%-47%) [12,15,18,25,35], Canada (22.4%) [24], and Ko-
rea (approximately 30%) [15,36]. Although direct comparisons
are limited by differences in healthcare systems and recipient pop-
ulations, variations in the operational definition of EHR likely
contribute to these discrepancies. We strictly defined EHR as the
first unplanned hospital readmission within 30 days of discharge
from the index admission during which KT was performed, re-
gardless of the number or type of admissions [24,25]. Previous
studies have defined EHR more broadly or included planned re-
admissions (such as protocol biopsies or delayed procedures),
leading to inflated reported rates [3]. Therefore, our more conser-
vative definition may partly explain the lower EHR rate.

To our knowledge, this is the first study to develop and validate
an ML-based prediction model for EHR using clinical data from
Korean KT recipients. Our RF model achieved an ROC AUC of
.82 with accuracies of .79 on the validation and test datasets, re-
spectively. Although our dataset (N=470) is modest compared to
national registries, it represents one of the most comprehensive
Korean datasets incorporating recipient- and donor-level features.
These findings have important implications for guiding risk-based
follow-up strategies and personalized post-transplant care in Ko-
rean KT recipients. ML algorithms, including DT, RF, XGBoost,
and SVM, were employed because of their ability to handle com-
plex and non-linear clinical data. Compared with traditional re-
gression methods, RF and XGBoost aggregate multiple DTs to op-
timize classification and assess feature importance, a feature
proven effective in predicting readmission in transplant-specific
and general medical populations [18,37]. For example, a recent
US-based study involving >2,000 KT recipients reported a 30.7%
EHR rate within 30 days and demonstrated that ML-based mod-

https://www.jkan.or.kr

els outperformed logistic regression in risk prediction [18]. Our
model achieved slightly higher predictive performance in a Kore-
an context despite using fewer input features. This demonstrates
that even localized datasets can yield meaningful and generaliz-
able predictions to support early clinical decision-making.

Although traditional statistical approaches, including logistic
regression, have been used to identify risk factors, they assume
linear relationships and cannot effectively capture complex,
non-linear interactions among multiple predictors [21,38]. How-
ever, ML methods, including RF and XGBoost, provide several
advantages [39]. First, they require no assumptions about feature
distributions or linearity and are less sensitive to multicollinearity.
Second, these methods can automatically detect and incorporate
higher-order interactions that might go unnoticed in traditional
models [38]. Third, they are generally more robust to noise and
overfitting, particularly when combined with techniques such as
CV and bootstrap aggregation [40]. Recent studies have rein-
forced MUDs clinical utility for predicting readmission risk in trans-
plant populations. Arenson et al. [18] developed models based on
clinical notes and EHR data in KT recipients that outperformed
traditional models. Similarly, Orfanoudaki et al. [41] highlighted
the role of metabolic features, including glucose variability, in re-
admission risk. These findings reinforce MLs clinical utility for
accurate prediction and interpretability in identifying the most in-
fluential clinical features.

Here, RF and XGBoost yielded more stable and accurate pre-
dictions than logistic regression, providing interpretable rankings
of predictor importance that can facilitate practical clinical imple-
mentation. Therefore, ML-based models can enhance risk stratifi-
cation for EHR by identifying high-risk KT recipients who might
otherwise be overlooked, ultimately supporting the delivery of tai-
lored interventions and improved post-transplant care. Although
the DT model showed limited generalizability with lower test-set
performance, the RF and XGBoost models demonstrated more
consistent and robust results. In particular, RF achieved stable ac-
curacy across validation and test datasets, with balanced sensitivi-
ty, specificity, and F1-scores. Both RF and XGBoost maintained
superior ROC AUC values and relatively narrow confidence in-
tervals, supporting their reliability for clinical application
[33,42,43].

In our study, feature importance analysis identified the top 15
EHR predictors in the highest-performing RF model. This EHR
prediction model underscores the value of EHR in risk prediction
by integrating features related to transplant complications, includ-
ing the administration of steroid pulse therapy. It also incorporates

recipient-specific factors, including pre-existing conditions (e.g.,
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heart failure and CVD), demographics (e.g., age and sex), smok-
ing status, and aspects of hospital management such as discharge
timing (e.g., weekend discharges). Donor-related characteristics
(e.g., age and sex), cause of brain death (e.g., CVA), and underly-
ing conditions (e.g., hypertension) were incorporated to improve
predictive accuracy.

Notably, steroid pulse therapy consistently ranked highest in
both models, emphasizing its strong association with EHR risk—
likely reflecting the occurrence of acute rejection episodes, which
require such therapy and contribute to post-transplant complica-
tions. Other high-ranking features included donor-related factors
(e.g., donor age, CVA as the cause of brain death, and cold isch-
emic time) and recipient characteristics (comorbidity burden, di-
alysis duration, ICU stay, and weekend discharge). These results
underscore the complex, multifactorial nature of EHR risk and
highlight the potential of ML-based models to uncover subtle,
non-linear relationships that traditional statistical methods may
miss. Although many of these variables—including donor charac-
teristics and pre-existing comorbidities—are non-modifiable, the
model provides valuable support for early identification of KT re-
cipients at higher EHR risk. These predictors are statistically im-
portant in the model performance context; however, their inclu-
sion does not imply causal relationships with EHR. For instance,
variables including steroid pulse therapy likely reflect underlying
clinical conditions (e.g., acute rejection) that precede readmission,
rather than independently causing it. Accordingly, the model util-
ity lies in risk stratification and informed decision-making, rather
than directly guiding causal intervention. The model may assist in
prioritizing surveillance and education strategies for at-risk pa-
tients from a nursing perspective, although such applications
should be cautiously interpreted and in conjunction with clinical
judgment.

Several previous studies predicted EHR post-KT using a limited
set of features, typically restricted to recipient-related clinical fac-
tors or administrative data [15,24,25]. For instance, McAd-
ams-DeMarco et al. [25] analyzed demographic and comorbidity
data, while Lubetzky et al. [15] focused on discharge-level factors
without fully integrating donor characteristics. By incorporating
pre- and peri-transplant data, our broader feature set enabled the
ML model to uncover complex interactions usually missed by tra-
ditional methods. Therefore, our study provides a more robust
and generalizable predictive framework that can inform targeted
interventions across different stages of transplant care.

EHR has been associated with various adverse post-transplant
outcomes, including inferior graft function, increased mortality,
and diminished quality of life [25]. Although our study focused
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on identifying EHR predictors rather than establishing causal
pathways, acknowledging the downstream clinical consequences
of EHR emphasizes the value of early risk stratification. For in-
stance, while steroid pulse therapy is commonly administered for
acute rejection, and acute rejection is frequently observed among
readmitted recipients, these relationships should be interpreted as
associative rather than causal [24,44,45]. A recent Canadian study
reported a higher incidence of rejection among recipients who ex-
perienced EHR [24], suggesting that transplant-related complica-
tions coincide with early readmission events. Therefore, predictive
models—when carefully interpreted—may support individualized
monitoring and intervention strategies that could contribute to
improved long-term outcomes. Donor characteristics, including
donor age or type (e.g., living vs. deceased donor and donation af-
ter brain death vs. circulatory death), are strongly associated with
rehospitalization [6]. However, the recipient characteristics were
the most important predictors using the RF model in our study.
These findings may not apply to other countries owing to dispari-
ties in organ acceptance policies and healthcare delivery systems
[12,25,46].

Nevertheless, transplant programs worldwide, including in Ko-
rea, have recently expanded their recipient and donor pools to en-
compass more medically complex individuals, such as those clas-
sified as expanded criteria donors [47]. Consistent with previous
regression studies conducted in the United States and Canada, our
ML model identified the recipients age and pre-existing comor-
bidities (e.g., heart disease) as factors associated with EHR post-
KT. This finding aligns with reports by Famure et al. [24] and
McAdams-DeMarco et al. [25], who demonstrated that older age
and a higher comorbidity burden were significantly associated
with increased readmission risk in a Canadian and the US cohort,
respectively. As the KT recipient population ages and presents
with a higher prevalence of comorbid conditions, this aspect is
likely to become increasingly significant [48]. This is an important
factor to consider in the future, particularly in Korea, which is en-
tering an era of super-aging.

Early risk prediction is essential for effectively preventing read-
mission. Ideally, preventive measures should be implemented
pre-discharge. Our study models aimed to predict EHR risk in KT
recipients at an early stage. Our results will contribute to individu-
alized evaluations, education, and treatment of KT recipients. No-
tably, our study builds on existing predictive factors and provides
new insights that can improve KT outcomes and enhance the
quality of life of Korean KT recipients. The integration of EHR
risk assessment systems into electronic health record platforms

can be achieved by developing medical record-based prediction
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models. EHR alert systems can be designed for transplant care,
enabling healthcare professionals, including transplant specialists,
nurses, and physicians, to effectively allocate preventive interven-
tions to KT recipients identified as high risk for EHR [49].

This study has some limitations. First, the predictive model was
developed using retrospective data from a single university hospi-
tal without external validation, limiting its generalizability. Exter-
nal validation using multicenter datasets is necessary to ensure the
models robustness, reproducibility, and broader applicability. Sec-
ond, although the model outperformed traditional logistic regres-
sion, key predictors, including steroid pulse therapy, raise con-
cerns regarding clinical interpretability. Since steroid pulse therapy
is typically administered in response to complications, including
acute rejection, it may reflect a consequence of clinical deteriora-
tion rather than a true pre-discharge risk factor, making it less ac-
tionable for early intervention or discharge planning. Third, the
study did not differentiate between the types, causes, or timing of
readmissions—including preventable vs. non-preventable
events—limiting the ability to tailor interventions or evaluate their
effectiveness. Important post-discharge determinants of readmis-
sion, including outpatient follow-up adherence, social support
systems, socioeconomic status, and patient self-management be-
haviors, were not included in the model, potentially omitting crit-
ical predictors of early readmission. Therefore, future research
should incorporate a broader range of pre- and post-discharge
variables, validate the model across diverse clinical environments,
and explore cause-specific readmission patterns to enhance ML-
based prediction tools’ clinical utility and generalizability in KT
care. Finally, one limitation of our approach is that categorical en-
tries labeled as “unknown” (e.g., PRA and diabetes mellitus) were
retained as separate levels in the model rather than being excluded
or imputed. While this approach mirrors clinical uncertainty and
enables the model to learn from missingness patterns, it may af-
fect interpretability and model calibration. Future studies should
explore alternative preprocessing strategies for unknown catego-
ries, including exclusion, multiple imputation, or sensitivity analy-

ses to compare predictive performance and stability [50].

Conclusion

The models developed in this study can assist healthcare profes-
sionals—particularly transplant nurses and coordinators—in
stratifying KT recipients by their risk of EHR, prioritizing
post-discharge care and follow-up for high-risk individuals, and
allocating targeted interventions, including closer monitoring or

education when implementing early interventions to prevent EHR
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in KT recipients, particularly within the transplant care context.
This algorithm facilitates the enrollment of recipients in EHR pre-
vention programs and provides targeted interventions for various
cohorts of KT recipients.
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Multidimensional factors influencing
the completion of advance directives
among community-dwelling older
Koreans
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Purpose: This study aimed to examine the multidimensional factors associated with the completion of
advance directives (ADs) among community-dwelling older Koreans, guided by conceptual frameworks
developed in Asian contexts.

Methods: Data from the 2023 National Survey of Older Koreans (sixth wave) were analyzed for 9,951
community-dwelling older Koreans aged 65 years or older. Complex sample cross-tabulation and binary
logistic regression analyses were conducted.

Results: In total, 11.1% of community-dwelling older Koreans had completed an AD. Significant factors
associated with AD completion were identified across four domains—personal situation: age, education-
al level, religion, and housing preference in the event of poor health; socio-cultural: presence of children,
participation in social activities and satisfaction with social relationships; physical and illness: the num-
ber of chronic diseases; and value system: awareness of hospice and palliative services, participation in
death preparedness education, and documentation of organ donation.

Conclusion: Among older Koreans, AD completion represents more than a documentation process; it
reflects a complex decision-making process shaped by their values and life circumstances, underscoring
the need for supportive interventions. As the highest AD completion rates are found among older adults,
related policies should be aligned with older adult-centered policy frameworks.

Keywords: Advance directives; End-of-life care; Health services for the aged; Personal autonomy

Introduction

A key component of death preparedness—which entails discussing one’s goals and preferenc-
es for end-of-life care before the potential loss of decision-making or communication capaci-
ty—is advance care planning (ACP) [1,2], whose key aspect is documentation [3]. Advance di-
rectives (AD) are a method for documenting care preferences [4]. An AD is a legal document in
which individuals can specify their preferences for medical treatments at the end of life, should
they lose their decision-making capacity [5]. An AD—as a documented outcome of ACP—is
associated with reduced hospitalization rates, improved satisfaction with end-of-life care, and
decreased decisional conflicts among medical surrogates [6-8].

In this context, many countries have established institutional frameworks to ensure that med-
ical care aligns with individual treatment preferences [9]. In South Korea, the Act on Hospice
and Palliative Care and Decisions on Life-Sustaining Treatment for Patients at the End of Life
(LST Decision Act, enacted in 2016 and implemented in 2018) established the legal validity of
AD. Upon completion, the AD is registered with a government-designated registry. If two phy-
sicians determine that a patient is at the end-of-life stage, the AD is reviewed by the attending
physician or, if necessary, by two physicians. These decisions are then implemented in a health-

care institution with an institutional ethics committee.
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As of March 2025, 84.8% of individuals having a registered AD
were aged 65 years or older [10]. This may reflect older adults’
closer proximity to death, greater likelihood of experiencing func-
tional and cognitive decline and multimorbidity, and a more real-
istic awareness of end-of-life issues [9]. However, autonomy—a
prerequisite for completing AD in older adults—cannot be de-
fined solely by independence or decision-making capacity, as it is
influenced by an interaction of factors, including health status, so-
cial relationships, interdependence, and a broader life context
[11,12].

The Institute of Medicine has identified community-dwelling
older adults as a key target group for ACP policy development
[13,14]. As 88.5% of ADs in Korea were completed through com-
munity-based organizations in 2023 [15], exploring the factors
influencing AD completion among community-dwelling older
Koreans is particularly important. AD completion has a multidi-
mensional nature, shaped not only by individual characteristics
but also psychological, social, and institutional contexts [16].
However, previous studies on the factors influencing AD comple-
tion among community-dwelling older adults have primarily fo-
cused on readiness, including knowledge, attitudes, and prefer-
ence for ACP [17-20]. Moreover, few studies have explored the
complex factors influencing AD completion among older adults
who have actually completed an AD [21,22].

Therefore, this study aims to examine the multidimensional
factors associated with the completion of AD among communi-

ty-dwelling older Koreans.

Methods
1. Study design

The study comprised a cross-sectional secondary data analysis
using data from the 2023 National Survey of Older Koreans (6th

wave), conducted in 2023.

2. Conceptual framework

Factors influencing AD completion operate across multiple di-
mensions [16,23] and are particularly shaped by cultural contexts
[24]. To systematically analyze these multidimensional character-
istics, this study adopted the conceptual framework proposed by
Chan et al. [25], which classifies the factors influencing AD com-
pletion into six clusters: personal situation, socio-cultural, physical
and illness, value system, conditional, and process of AD. This

framework reflects cultural characteristics of Asian contexts,
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where family-centered decision-making, avoidance of death-relat-
ed discussions, and prioritization of group harmony over individ-
ual autonomy are emphasized [25], and it is useful for explaining
the multidimensional factors that influence AD completion.

However, this framework was originally developed in the con-
text of palliative care units, where ADs are discussed and complet-
ed with healthcare professionals. In contrast, because AD comple-
tion among community-dwelling older adults in Korea primarily
occurs through community-based organizations rather than
healthcare institutions, the conditional and process factors—
which presuppose discussions with healthcare professionals—
were not relevant to the experiences of the study population. Ac-
cordingly, these two factors were excluded, and the framework
was reconstructed into four groups of factors—personal situation,
socio-cultural, physical and illness, and value system—based on
the context of community-dwelling older Koreans and a review of
prior studies, and was employed for the analysis (Figure 1).

The four groups of factors were defined as follows: personal sit-
uation (sociodemographic background and life context), so-
cio-cultural (family perspectives and quality of social interactions,
including presence of children), physical and illness (individual
health status), and value system (attitudes toward death and end-
of-life care). In particular, this study considered the presence of
children as a key factor influencing the nature of family relation-
ships and included it under socio-cultural factors. Physical and ill-
ness factors were defined as variables reflecting an individuals
health status, whereas value system factors were defined as vari-
ables reflecting personal attitudes and perceptions regarding the
purpose and meaning of ADs and end-of-life care.

Therefore, this study adapted and reconstructed the framework
of Chan et al. [25] to align with the context of community-dwell-
ing older Koreans and the characteristics of the dataset, with the
aim of examining the multidimensional factors influencing AD

completion in this population.
3. Description of primary data

The 2023 National Survey of Older Koreans (6th wave) is a na-
tionwide survey conducted every 3 years since 2008, targeting
adults aged 65 years or older. It is based on the Older Persons Wel-
fare Act and aims to provide foundational data for the develop-
ment of aging-related policies in Korea [26].

This nationwide survey applied a stratified cluster sampling
method based on a complex sampling design to ensure its repre-
sentativeness. Stratification was conducted in three stages based

on Korea’s (1) 17 administrative regions, (2) area type (urban ver-
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Figure 1. Study framework: multidimensional factors associated with advance directive (AD) completion.

sus rural), and (3) housing type (apartment versus non-apartment
housing). Based on these criteria, 52 strata were constructed.
Within each stratum, survey areas and sample households were
selected, and a complete enumeration survey was conducted for
all adults aged 65 years or older residing in the selected house-
holds [26].

4. Samples used for analysis

The 2023 National Survey of Older Koreans (6th wave) was
conducted with a nationwide target population of 9.5 million
adults aged 65 years or older. Data were collected from 10,178
older Koreans residing in 7,605 households across 977 survey ar-
eas. After excluding cases with incomplete responses, data from
10,078 older Koreans were made publicly available [26]. Analyses
were conducted using data from 9,951 older Koreans who com-

pleted the survey through self-response.
5. Measurement

1) Dependent variable

An AD is a legal document in which individuals specify, in ad-
vance, the medical treatments they would accept or refuse in the
event of losing their decision-making capacity in the future [5]. In

this study, AD completion was measured using the item, “Have

https://www.jkan.or.kr

you completed advance directives in preparation for end-of-life
care?” Responses were collected as a binary variable (“yes” or

@ »
no ).

2) Independent variables
(1) Personal situation factors

Personal situation factors were assessed using the following
variables: sex, age, educational level, religion, annual family in-
come level, living status, life satisfaction, housing preference in the
event of poor health.

Sex was categorized as male or female. Age was recategorized
into four groups: 65-69 years, 70-79 years, 80-89 years, and 90
years or older. Educational level was categorized as follows: illiter-
ate or barely literate, elementary school, middle school, high
school, and college or higher. Religion was dichotomized as hav-
ing a religion or not.

Family income level was measured as annual equivalized
household income, calculated by dividing the total annual house-
hold income by the square root of the number of household
members. This measure adjusts for household size to allow fair
comparisons across households of different sizes. Using this vari-
able, family income level was recategorized into quintiles (1st-5th)
according to the original dataset classification.

Living status was categorized as living alone, living with a

spouse, living with children, or other.
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Life satisfaction was measured using the question, “How satis-
fied are you with your overall life?” Responses were recategorized
into three groups: satisfied (very satisfied and satisfied), neutral,
and dissatisfied (dissatisfied and very dissatisfied).

Housing preference in the event of poor health was assessed us-
ing the item, “Where would you prefer to live if your health dete-
riorated to the point where independent daily living became diffi-
cult?” Responses were categorized as follows: live at home, move
in with family, move near family, senior housing residence, or se-
nior care facility. Other responses were excluded from the analysis
(n=12).

(2) Socio-cultural factors

Socio-cultural factors included presence of children, presence
of friends or neighbors, participation in social activities, and satis-
faction with social relationships.

Presence of children was recoded based on co-residing children
and non-co-residing surviving children; respondents with at least
one child in either category were classified as “having children”
while those with no children in both categories were classified as
“having no children”

The presence of friends or neighbors was assessed using the
item, “Do you have close friends, neighbors, or acquaintances?”
with responses classified as “yes” or “no””

Participation in social activities was defined according to previ-
ous research based on participation in at least one of the following
within the past year [27,28]: hobby groups, alumni or peer groups,
or political/social organizations. Respondents were classified as
participants or non-participants depending on whether they had
engaged or not engaged in any activity.

Satisfaction with social relationships was measured using the
item, “How satisfied are you with your interactions with friends
and neighbors, excluding family members?” Responses were re-
categorized into three groups: satisfied (very satisfied and satis-
fied), neutral, and dissatisfied (dissatisfied and very dissatisfied).

(3) Physical and illness factors

Physical and illness factors were assessed based on the number
of chronic diseases and overall functional status.

The number of chronic diseases was assessed based on respons-
es to the item, “Do you have any chronic diseases diagnosed by a
physician, that lasted for 3 months or longer?” The number of re-
ported conditions was categorized as 0, 1, 2, or >3.

Overall functional status was derived by combining measures
of activities of daily living (ADL) and instrumental activities of
daily living (IADL). ADL included seven items related to basic
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daily functions, such as dressing, washing, and mobility. IADL in-
cluded ten items related to more complex functions, such as meal
preparation, laundry, and medication management. Each item
was rated as “independent,” “partially dependent;” or “fully depen-
dent” Respondents were classified as having functional limitations
if they reported “partially dependent” or “fully dependent” on at
least one ADL or IADL item and having no functional limitations

if they reported being “independent” on all items.

(4) Value system

Value system factors included awareness of hospice and pallia-
tive care services, participation in death preparedness education,
and documentation of organ donation. Awareness of hospice and
palliative care services was assessed using the item, “Are you aware
of hospice and palliative care services?” with response options of
“ves,” “no,” and “Have heard of it, but do not know well” Participa-
tion in death preparedness education was measured based on
whether the respondent had ever attended such education pro-
grams (“yes” or “no”). Organ donation documentation was as-
sessed using the item, “Have you registered for organ donation?”
with responses of “yes” or “no””

6. Data analysis

The original data were downloaded on February 27, 2025, fol-
lowing approval from the Institutional Review Board (IRB). The
data were collected using a complex sampling design; hence, strat-
ification, clustering, and sampling weights were applied in the
analysis.

Participants’ characteristics were presented using the actual
sample size (unweighted frequencies) and weighted estimates
(percentages) based on complex sample weights. Differences in
variables according to the AD completion status were examined
using complex sample cross-tabulation analysis, and statistical sig-
nificance was tested using the Rao-Scott chi-square test.

According to previous studies showing that AD completion in
older adults is formed by the interaction of various factors [11,12],
this study included all theoretically relevant variables and exam-
ined them using complex sample binary logistic regression to
comprehensively capture the multidimensional factors influenc-
ing AD completion and to control for confounding effects among
variables. Complex sample binary logistic regression analyses
were performed using the svy command in Stata/MP ver. 18.0
(Stata Corp.) to account for the stratified multistage cluster sam-
pling design. Sampling weights (post-stratification weights), strat-

ification, and primary sampling units were specified according to
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the original survey design defined by the survey organization. All
analyses were performed using Stata/MP ver. 18.0 (Stata Corp.),
with the significance level set at p<.05.

7. Ethical considerations

The 2023 National Survey of Older Koreans (6th wave) used in
this study was approved by the IRB of the Korea Institute for
Health and Social Affairs (approval no., 2023-078) and conducted
with approval from Statistics Korea (approval no., 117071). This
study involved secondary data analysis and was exempted from
review by the IRB of Chung-Ang University (approval no.,
1041078-20250107-HR-006). Accordingly, the original data were
obtained from the providing institution without requiring addi-

tional informed consent from participants.

Results

According to the results, approximately 11.1% of older Koreans
had completed an AD, corresponding to 1,109 respondents out of
the total sample of 9,951 (actual unweighted frequencies). Differ-
ences in AD completion by factors were analyzed using the Rao-

Scott chi-square test, and the main results are presented in Table 1.

1. Differences in factors of AD completion

Among personal situation factors, educational level showed a
significant association with AD completion (x*=8.68, p<.001). In
the AD completion group, 13.3% of respondents had college-level
or higher education, which was approximately twice the rate ob-
served in the non-completion group (6.3%). Conversely, the pro-
portion of respondents with no formal education or low literacy
was 12.4% and 8.2% in the non-completion and completion
groups, respectively. Religion also showed a significant association
with AD completion (x*=28.21, p<.001).

Life satisfaction was also significantly associated with AD com-
pletion (x*=3.23, p=.043). The proportion of respondents report-
ing “satisfied” for life satisfaction was 46.1% in the AD completion
group, compared to 39.5% in the non-completion group.

In addition, there was a significant difference in AD completion
status according to housing preference in the event of poor health
(x*=4.93, p<.001). Among respondents who preferred to remain
at home, 38.6% were in the AD completion group, compared to
50.2% in the non-completion group.

Table 1. Comparison of characteristics by advance directive completion status (N=9,951)

Advance directive completion

Characteristic Total Yes No Rao-Scott - TR
Personal situation factors

Sex 0.13 (.722)
Male 3,824 (44.0) 426 (43.5) 3,398 (44.1)
Female 6,127 (56.0) 683(56.5) 5,444 (55.9)

Age (yr) 2.29 (.081)
65-69 3,243 (34.8) 325 (29.7) 2,918 (35.5)
70-79 4,400 (41.1) 546 (45.9) 3,854 (40.5)
80-89 2,135 (21.7) 222 (21 9] 1,913 (21.7)
>90 173 (2.4) 6 (2.5 157 (2.4)

Educational level 8.68 (<.001)
Illiterate or barely literate 1,435 (11.9) 121 (8.2) 1,314 (12.4)
Elementary school 2,920 (28.2) 346 (29.7) 2,574 (28.0)
Middle school 2,114 (21.4) 202 (17.7) 1,912 (21.8)
High school 2,860 (31.5) 317 (31.1) 2,543 (31.5)
College or more 622 (7.1) 123 (13.3) 499 (6.3)

Religion 28.21 (<.001)
Yes 4,071 (60.0) 576 (49.3) 3,495 (61.3)
No 5,880 (40.0) 533 (50.7) 5,347 (38.7)

Family income level (/yr) 1.16 (.324)
1st quintile (lowest) 2,107 (20.0) 199 (18.5) 1,908 (20.2)
2nd quintile 2,167 (20.0) 271 (20.1) 1,896 (19.9)
3rd quintile (middle) 2,026 (19.9) 222 (18.6) 1,804 (20.1)
4th quintile 1,910 (20.1) 202 (18.9) 1,708 (20.3)
5th quintile (highest) 1,741 (20.0) 215 (23.9) 1,526 (19.6)
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(Continued on the next page)
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Table 1. Continued

Advance directive completion

Characteristic Total Yes No Ra0-Scott Xz (p)a)
Living status 2.25 (.088)
Lives alone 3,423 (33.0) 383 (33.2) 3,040 (32.9)
Lives with a spouse 5,419 (55.3) 647 (58.4) 4,772 (55.0)
Lives with adult children 940 (10.0) 68 (7.5) 872 (10.3)
Other 169 (1.7) 11 (0.9) 158 (1.8)
Life satisfaction 3.23 (.043)
Good 3,983 (40.3) 505 (46.1) 3,478 (39.5)
Average 5,110 (51.0) 528 (46.5) 4,582 (51.6)
Bad 858 (8.7) 76 (7.5) 782 (8.9)
Housing preference in the event of poor healthb) 4.93 (<.001)
Live at home 4,981 (48.9) 433 (38.6) 4,548 (50.2)
Move in with family (cohabitation) 259 (2.5) 32 (3.8) 227 (2.4)
Move near family (independent) 396 (4.3) 66 (6.0) 330 (4.1)
Senior housing residence (no insurance) 1,489 (16.5) 211 (22.8) 1,278 (15.7)
Senior care facility (insurance) 2,814 (27.7) 366 (28.8) 2,448 (27.6)
Socio-cultural factors
Presence of children 2.60 (.107)
Yes 9,410 (94.0) 1,067 (95.6) 8,343 (93.8)
No 541 (6.0) 42 (4.4) 499 (6.2)
Presence of friends or neighbors 4.85 (.028)
Yes 8,946 (89.8) 1,027 (92.6) 7,919 (89.5)
No 1,005 (10.2) 82 (7.5) 923 (10.5)
Participation in social activities 18.59 (<.001)
Yes 5,340 (53.3) 708 (34.6) 4,632 (46.0)
No 4,611 (44.7) 401 (65.4) 4,210 (54.0)
Satisfaction with social relationships 6.43 (.002)
Good 4,583 (45.3) 606 (52.9) 3,977 (44.4)
Average 4,454 (45.1) 434 (39.6) 4,020 (45.8)
Bad 914 (9.6) 69 (7.5) 845 (9.8)
Physical and illness factors
No. of chronic diseases 6.21 (<.001)
0 1,363 (14.1) 97 (10.7) 1,266 (14.4)
1 2,163 (22.2) 184 (18.2) 1,979 (22.7)
2 2,744 (28.1) 308 (27.3) 2,436 (28.2)
>3 3,681 (35.6) 520 (43.8) 3,161 (34.6)
Overall functional status 1.20 (.274)
Limited 1,648 (17.7) 190 (19.7) 1,458 (17.4)
Unlimited 8,303 (82.3) 919 (80.3) 7,384 (82.6)
Value system
Awareness of hospice and palliative services 12.62 (<.001)
Yes 1,355 (16.0) 242 (26.5) 1,113 (14.7)
Heard of 4,195 (43.4) 394 (37.8) 3,801 (44.1)
None 4,401 (40.5) 473 (35.7) 3,928 (41.2)
Participation in death preparedness education 58.18 (<.001)
Yes 297 (4.2) 115 (13.6) 182 (3.0)
No 9,654 (95.8) 994 (86.4) 8,660 (97.0)
Documentation of organ donation 194.88 (<.001)
Yes 361 (4.5) 162 (14.6) 199 (2.3)
No 9,590 (95.5) 947 (85.4) 8,643 (97.7)

Values are presented as unweighted frequency (weighted %), unless otherwise stated. Weighted percentages are presented. Percentages may not total

100 because of rounding.

“Rao-Scott 2 test using complex sample design. ®“Other” responses excluded (n=12).
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Among socio-cultural factors, the presence of friends or neigh-
bors was significantly associated with AD completion (x*=4.85,
p=.028). Participation in social activities was also significantly as-
sociated with AD completion (x*=18.59, p<.001). Furthermore,
satisfaction with social relationships showed a significant differ-
ence by AD completion status (x*=6.43, p=.002), with 52.9% of re-
spondents in the AD completion group reporting high satisfac-
tion, compared to 44.4% in the non-completion group.

Among physical and illness factors, the number of chronic dis-
eases was significantly associated with AD completion (x*=6.21,
p<.001), with the highest AD completion rate (43.8%) observed
among respondents with three or more chronic diseases.

Within value system factors, all variables showed significant as-
sociations with AD completion: awareness of hospice and pallia-
tive care service (xX’=12.62, p<.001), participation in death pre-
paredness education (x*=58.18, p<.001), and documentation of

organ donation (x>=194.88, p<.001).

2. Factors associated with AD completion

To comprehensively analyze the factors influencing AD com-
pletion, a complex sample binary logistic regression was per-
formed using all variables included in the complex sample
cross-tabulation analysis as independent variables. A total of 35
independent parameters were included in the regression model
after dummy coding of categorical variables. The events per vari-
able (EPV), calculated based on the number of AD completions
(n=1,109), was approximately 31.7 (1,109/35), exceeding the rec-
ommended threshold of EPV >10 [29]. Therefore, the risk of
overfitting in this analysis was considered to be low. Additionally,
multicollinearity was assessed, with a mean variance inflation fac-
tor of 1.96, indicating no significant multicollinearity. The results
are presented in Table 2.

Among personal situation factors, age was not significant in
cross-sectional analyses but was significantly associated with AD
completion in some categories in complex-samples logistic regres-
sion analyses. Compared to the 65-69 age group, the likelihood of
AD completion was higher in the 70-79 (adjusted odds ratio
[aOR], 1.50; 95% confidence interval [CI], 1.19-1.90) and 80-89
(aOR, 1.68; 95% CI, 1.13-2.50) age groups. No significant associa-
tion was found between being aged 90 years or older and AD
completion (aOR, 1.65; 95% CI, 0.77-3.55).

Educational level was also a significant factor. Compared to in-
dividuals who were illiterate or barely literate, those with a college
degree or higher had a greater likelihood of completing an AD
(aOR, 2.79; 95% CI, 1.60-4.84). The group with a religion was
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more likely to complete an AD than the group without a religion
(aOR, 1.30; 95% CI, 1.09-1.54).

Housing preference in the event of poor health was also signifi-
cantly associated with AD completion. Compared to those who
preferred to remain at home, respondents who preferred living
with family (aOR, 1.98; 95% ClI, 1.20-3.30), living near family
(aOR, 1.69; 95% CI, 1.05-2.73), in senior housing (aOR, 1.51; 95%
CI, 1.11-2.04), or care facilities (aOR, 1.47; 95% CI, 1.09-1.98)
were more likely to complete an AD.

Within socio-cultural factors, presence of children was signifi-
cantly associated with AD completion (aOR, 1.57; 95% CI, 1.01-
2.44). The group that participated in social activities was more
likely to complete an AD compared to the group that did not par-
ticipate (aOR, 1.42; 95% CI, 1.12-1.80). Satisfaction with social
relationships also had a significant association with AD comple-
tion. The group with high satisfaction was more likely to complete
an AD compared to that with low satisfaction (aOR, 1.58; 95% CI,
1.03-2.41).

Among physical and illness factors, the number of chronic dis-
eases had a significant association with AD completion. Both the
group with two chronic diseases (aOR, 1.50; 95% CI, 1.06-2.13)
and the group with three or more chronic diseases (aOR, 2.07;
95% CI, 1.43-3.00) were more likely to complete an AD compared
to that with no chronic diseases.

All the variables within the value system were significantly as-
sociated with AD completion. The group that was aware of hos-
pice services was more likely to complete an AD compared to the
group that was unaware (aOR, 1.53; 95% CI, 1.06-2.20). The
group that had received death preparedness education was signifi-
cantly more likely to complete an AD compared to the group that
had not received such education (aOR, 2.58; 95% CI, 1.57-4.24).
The presence of organ donation documentation was significantly
associated with AD completion (aOR, 5.32; 95% CI, 3.27-8.67).

Life satisfaction and presence of friends or neighbors showed
significant differences in the cross-tabulation analysis, and no sig-
nificance was associated with AD completion in the complex

sample logistic regression analysis.

Discussion

This study conducted a multidimensional analysis of the factors
associated with AD completion among community-dwelling old-
er Koreans aged 65 years or older, using nationally representative
data. Its analysis showed that 11.14% of community-dwelling old-
er Koreans had completed an AD, which is comparable to the of-

ficial AD registration rate of 17.3% among adults aged 65 and
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Table 2. Factors associated with advance directive completion (N=9,951)

Advance directive completion

Independent variable Classification Crude Adjusted
OR (95% Cl)? p aOR (95% CI)” p
Personal situation factors
Sex (ref: male) Female 1.03 (0.89-1.18)  .721 1.10 (0.93-1.30)  .269
Age (yr) (ref: 65-69) 70-79 1.36 (1.11-1.65) .003 1.50 (1.19-1.90) .001
80-89 1.21 (0.90-1.62) 214 1.68 (1.13-2.50) .0Mn
290 1.28 (0.64-2.57) 486 1.65 (0.77-3.55) .199
Educational level (ref: illiterate or barely literate) Elementary school 1.60 (1.17-2.20)  .003 1.54 (1.11-2.12) .009
Middle school 1.23 (0.88-1.72) 234 1.23 (0.85-1.79) 271
High school 1.49 (1.06-2.10) .022 1.47 (0.98-2.20) .063
College or more 3.20 (2.01-5.09) <.001 2.79 (1.60-4.84) <.001
Religion (ref: no) Yes 1.63 (1.36-1.95) <.001 1.30 (1.09-1.54)  .004
Family income level (fyr) (ref: 1st quintile) 2nd quintile 1.10 (0.83-1.50)  .502 1.21 (0.94-1.57) 141
3rd quintile (middle) 1.01 (0.72-1.43) 942 1.03 (0.75-1.41) .845
4th quintile 1.02 (0.72-1.43) 926 1.02 (0.74-1.40) 915
5th quintile (highest) 1.33(0.92-1.93)  .128 1.34(0.92-1.96)  .127
Living status (ref: lives alone) Lives with a spouse 1.06 (0.86-1.30)  0.61 1.11 (0.89-1.38)  .337
Lives with adult children 0.72 (0.47-1.11) 0.14 0.71 (0.45-1.11) 130
Other 0.52 (0.25-1.06) 0.07 0.67 (0.33-1.38) 276
Life satisfaction (ref: bad) Average 1.07 (0.74-1.54) 723 0.93 (0.61-1.43)  .756
Good 1.38 (0.91-2.11) 134 0.94 (0.57-1.56) .814
Housing preference in the event of poor health (ref:  Move in with family (cohabita-  2.13(1.28-3.53)  .003 1.98 (1.20-3.30)  .008
lives at home) tion)
Move near family (independent) 1.91 (1.13-3.21) .015 1.69 (1.05-2.73)  .030
Senior housing residence (no in- 1.88 (1.37-2.59) <.001 1.51 (1.11-2.04) .008
surance)
Senior care facility (insurance)  1.35(0.99-1.84)  .054 1.47 (1.09-1.98)  .013
Socio-cultural factors
Presence of children (ref: no) Yes 1.44 (0.92-2.23)  .109 1.57 (1.01-2.44) .046
Presence of friends or neighbors (ref: no) Yes 1.46 (1.04-2.04)  .029 1.26 (0.88-1.81) .203
Social activity participation (ref: no) 1.61(1.30-2.01) <.001 1.42 (1.12-1.80)  .004
Social relationship satisfaction (ref: bad) Average 1.13 (0.80-1.61) 481 1.23 (0.81-1.86) .320
Good 1.56 (1.08-2.25) .017 1.58 (1.03-2.41) .037
Physical and illness factors
Number of chronic diseases (ref: 0) 1 1.08 (0.78-1.51) 643 1.23 (0.89-1.70) .200
2 1.31 (0.92-1.86) .136 1.50 (1.06-2.13) .022
>3 1.71 (1.18-2.48) .005 2.07 (1.43-3.00) <.001
Overall functional status (ref: limited) Unlimited 0.86 (0.65-1.13)  .275 0.98 (0.75-1.27)  .878
Value system
Awareness of hospice and palliative service (ref: no) Heard of 0.99 (0.76-1.28)  .923 0.87 (0.67-1.13)  .307
Yes 2.07 (1.42-3.02) <.001 1.53 (1.06-2.20) .023
Participation in death preparedness education (ref: no) 5.05 (3.20-7.98) <.001 2.58 (1.57-4.24) <.001
Documentation of organ donation (ref: no) 7.63 (5.49-10.59) <.001 5.32(3.27-8.67) <.001

aOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio; Ref, reference group.
“Complex sample analysis was conducted to aid in survey design and weighting.
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above as of December 2024 [10]. This study was based on a previ-
ously proposed conceptual framework of factors influencing AD
completion in Asian contexts [25]. It focused on four groups of
factors: personal situation, socio-cultural, physical and illness, and
value system.

Among the personal situation factors, age, educational level, re-
ligion, and housing preference in the event of poor health were
significantly associated with AD completion.

The association between age and AD completion is consistent
with previous studies [30,31]. However, prior research has typical-
ly treated age as a continuous variable or used 60 years as a cutoff,
which limits the extent to which the characteristics of the old-
est-old (nonagenarians) can be captured. In this study, no signifi-
cant association was observed between AD completion and age
among the nonagenarian group. This may be explained by two
factors. First, the number of AD completions in this group was
small (n=16), which may have limited the statistical power. Sec-
ond, nonagenarians may represent a distinct subgroup of older
Koreans with different physical and cognitive characteristics, re-
quiring a differentiated approach [32]. Future research with a
larger sample of nonagenarians is necessary to identify the pat-
terns of AD completion in this population.

Sex was not significantly associated with AD completion. This
result differs from previous studies [16,33]. It also differs from of-
ficial statistics on AD registration, which show that among regis-
trants aged 65 years and older, 66% are women and 33% are men
[10]. This discrepancy may be attributable to differences between
the study sample and the overall population of AD registrants.
Our study focused only on community-dwelling older Koreans,
whereas AD registration takes place not only in community set-
tings but also in some healthcare institutions, which may have in-
fluenced the results. Therefore, future research should compare
and analyze sex differences in AD registration across different set-
tings and contexts, including both community and institutional
environments.

Individuals with a college degree or higher were more likely to
complete an AD compared to those who were illiterate or barely
literate. This finding is consistent with previous studies reporting
that educational attainment is significantly associated with AD
completion [16,30,34]. This may be related to differences in access
to health-related information and communication skills shaped
by individuals’ educational experiences [34], which can affect
their engagement in autonomous decision-making regarding end-
of-life care. Therefore, tailored interventions and educational sup-
port should be considered for individuals with lower educational

levels.
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In this study, participation in death preparedness education and
awareness of hospice and palliative care services were significantly
associated with AD completion. Thus, in addition to educational
levels, access to information is a key factor influencing AD com-
pletion. Access to information can facilitate end-of-life discus-
sions, which are essential for supporting AD completion. In this
context, A randomized trial among older veterans found that an
easy-to-read AD and interactive online education increased ACP
documentation and engagement [35], suggesting that tailored in-
formation facilitates end-of-life discussions. Accordingly, strate-
gies that address educational levels and information accessibili-
ty—tailored and multifaceted approaches, including face-to-face
education—are necessary to support AD completion.

In this study, family income was not significantly associated
with AD completion. This finding differs from previous studies
that reported higher income was linked to an increased likelihood
of AD completion [36]. Such a discrepancy may be interpreted in
light of differences in institutional contexts between the United
States and Korea. In the United States, AD completion operates as
a voluntary registration system based on state laws [37], which
may have made it difficult to sufficiently consider equity, thereby
allowing income level to influence completion. In contrast, in Ko-
rea, the government designates and expands registration institu-
tions and manages a centralized database to ensure universal ac-
cess through an institutional management system. Accordingly,
family income does not appear to have a direct effect on AD com-
pletion in Korea.

Among physical and illness factors, having two or more chronic
conditions was significantly associated with a higher likelihood of
AD completion, consistent with previous findings [16,34]. Fur-
thermore, A higher likelihood of AD completion was observed
among individuals who preferred informal caregiving such as
moving in with family or near family, as their housing preference
in the event of poor health. Informal caregiving is associated with
place of death, which is considered an important indicator of the
quality of death [38].

A preference for informal care implies that the individual ex-
pects that a family caregiver will be available to provide such care.
Based on this premise, the findings of this study can be interpret-
ed in two ways. First, as discussions regarding end-of-life prefer-
ences generally occur within a trusted environment [39], individ-
uals who trust their family and prefer to receive care from them
are more likely to engage in end-of-life discussions [40], and con-
sequently, may also be more likely to complete an AD. Second,
this may reflect a psychological attitude, common in Asian cul-

tures, of not wanting to place a caregiving burden on family mem-
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bers [34,41,42], which aligns with the perception that completing
an AD can help reduce this burden [41]. These findings suggest
that as chronic conditions accumulate, older Koreans tend to doc-
ument their preferences for end-of-life medical care in advance to
alleviate the caregiving burden on family members. On the sur-
face, the tendency to rely on family and the desire not to place a
caregiving burden on them may appear contradictory. However,
since the older Koreans in this study responded based on a hypo-
thetical future scenario rather than an actual situation, it is possi-
ble that both motivations coexisted.

In this context, the concept of “aging in place (AIP)” aims to
support older adults in maintaining autonomy and independence
while remaining in familiar community environments. In line
with this goal, the Korean government is developing formal care-
giving systems to promote AIP [43]. However, Koreas current le-
gal framework restricts the implementation of withholding or
withdrawing life-sustaining treatment in accordance with patients’
ADs primarily to certain registered medical institutions, typically
general hospitals, or higher-level facilities. Consequently, AD-re-
lated services are confined to institutional settings, which hinders
their integration with community-based AIP initiatives. There-
fore, it would be necessary to revise AD-related policies to facili-
tate implementation within community-based settings, facilitating
more effective integration with AIP strategies.

In this study, the presence of children was identified as a signifi-
cant factor associated with a higher likelihood of AD completion,
whereas living status, reflecting family co-residence, was not sig-
nificantly associated. Considering that AD functions as a docu-
mentation strategy within ACP [3], our findings should be inter-
preted within the broader ACP framework, within which previous
studies have reported that individuals with children or a spouse
were more likely to engage in ACP [20,44,45]. Moreover, the role
of family is particularly salient in Asian contexts, where fami-
ly-centered cultural characteristics shape ACP [25,46].

In particular, under the influence of filial piety values, adult
children often play a leading role in end-of-life decision-making
for older adults [47]. Thus, the existence of children as deci-
sion-making agents may be more important than whether or not
family members live together. In line with this interpretation, sev-
eral studies conducted in Asian contexts have reported that family
opposition is a major barrier to AD completion [30,48]. In Asian
contexts, family-centeredness is known to play a major role in
shaping ACP, making it essential to consider the concept of rela-
tional autonomy—wherein patient autonomy is defined within
family relationships—when developing ACP-related policies and
clinical practices [49-51].
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Taken together, these findings suggest that the presence of fam-
ily members or living arrangements alone may not directly influ-
ence AD completion; rather, contextual factors, such as the quality
of family relationships, cultural values, and decision-making dy-
namics, may be more significant. Therefore, future research
should directly examine factors such as family interactions, com-
munication processes, and role distribution within families to gain
a deeper understanding of the family’s influence on AD comple-
tion.

Among socio-cultural factors, participation in social activities
and satisfaction with social relationships were significantly associ-
ated with AD completion. This finding is consistent with those of
previous studies [52,53]—the autonomy of older adults is influ-
enced by individual characteristics and social relationships. Older
Koreans who have higher satisfaction with social relationships
may experience enhanced autonomy through positive social rela-
tionships, which, in turn, can lead to greater engagement in AD
completion.

Additionally, participation in social activities was also identified
as a factor that increases the likelihood of AD completion. This
may be because social activities foster group cohesion, promote
the exchange and dissemination of health information, leading to
changes in health behaviors [54], and serve as a means to alleviate
social isolation and provide emotional support [52,55]. Therefore,
it is necessary to establish an infrastructure that promotes social
participation among older adults. Moreover, policy efforts are
necessary to ensure that adequate information on ADs is accessi-
ble even to older adults, whose social participation is limited. This
can be achieved by implementing tailored education and counsel-
ing programs through public institutions that maintain close con-
tact with socially isolated older adults, and by promoting aware-
ness of ADs through various media channels to enhance public
understanding.

Within the value system, documentation of organ donation was
associated with a higher likelihood of AD completion. One possi-
ble explanation is the low prevalence of both behaviors, which can
inflate statistical significance. Another explanation is that both de-
cisions share a common context of preparing for the end of life.

Previous studies have pointed out that these two decisions are
difficult to implement concurrently under Koreas current institu-
tional framework, and a decline in organ donation registration
has been observed since LST Decision Act [53]. This issue may
stem from a conflict between the two systems. As organ donation
registration and AD completion are considered elements of end-
of-life self-determination, legal and institutional adjustments are

necessary to ensure that both decisions are supported.
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This study has several limitations. First, as it was a cross-sec-
tional secondary analysis of national survey data, causal relation-
ships could not be determined. Second, as AD completion was as-
sessed through self-reporting, the possibility of reporting bias
cannot be ruled out. Furthermore, as the analysis included only
cases completed through self-response, a potential exists for selec-
tion bias related to cognitive or functional status among the study
participants. Third, given the large sample size, even relatively
small effects may have reached statistical significance. In addition,
the uneven distribution of certain independent variables (e.g.,
very low participation in death preparedness education or docu-
mentation of organ donation) resulted in wide confidence inter-
vals for some estimates. These issues warrant caution in the inter-
pretation of the findings. Fourth, although the survey included a
wide range of variables related to the lives of older adults, it may
not have captured all the relevant factors influencing AD comple-
tion, leaving the possibility of omitted variables. As this study fo-
cused on analyzing four groups of factors from the conceptual
framework, it did not encompass all possible dimensions, such as
conditional or process-related factors. Finally, although ADs rep-
resent a component of ACP, this study focused solely on the com-
pletion of AD documentation and did not encompass the broader
processes of discussion or planning.

Nevertheless, as AD completion among older adults is influ-
enced by multiple factors [11,12], this study provides a more com-
prehensive understanding by exploring these factors from a mul-
tidimensional perspective. Contrary to previous studies that
focused mainly on attitudes or intentions toward ACP, this study
uniquely examines actual AD completion behaviors, applying a
conceptual framework that reflects Asian cultural characteristics.

In particular, the use of nationally representative survey data
strengthens the relevance of its findings by reflecting the older
adult population’s characteristics. Considering the complex factors
influencing AD completion among older adults, nursing practice
across various care settings can play a key role in facilitating per-
son-centered ACP discussions, helping to close the gap between
the act of completing an AD and the realization of genuine

self-determination.

Conclusion

This study used data from the 2023 National Survey of Older
Koreans (6th wave) to analyze the factors associated with AD
completion among community-dwelling older Koreans from a
multidimensional perspective. Age, educational level, religion,

housing preference in the event of poor health, participation in
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death preparedness education, and documentation of organ dona-
tion were significantly associated with AD completion. In particu-
lar, awareness of hospice and palliative service, presence of chil-
dren, participation in social activities, satisfaction with social
relationships, and number of chronic diseases were significantly
related to AD completion.

These insights highlight the significance of viewing AD com-
pletion as a practical process of supporting autonomy within
community-based policies for older adults by providing empirical
evidence to promote the alignment and integration of end-of-life
care policies. Future end-of-life decision-making policies should
prioritize integrating AD processes into community-based care
systems, while nursing interventions should focus on developing
ACP promotion strategies and nurse-led counseling and educa-
tion programs. Such approaches can help ensure that older adults
are supported in achieving genuine self-determination at the end
oflife.
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Purpose: This study compared trends in research designs and keywords by analyzing the abstracts of
four major nursing journals over the past decade, focusing on the Journal of Korean Academy of Nurs-
ing (JKAN) in comparison with the International Journal of Nursing Studies (IINS), Journal of Advanced
Nursing (JAN), and Japan Journal of Nursing Science (JINS).

Methods: A bibliometric analysis was conducted, encompassing 5,522 abstracts published between
2015 and 2024. Research designs were first classified as "quantitative,” “qualitative,” or "other,” and
then further sub-classified based on international evidence-based frameworks. Text preprocessing was
also conducted, and term frequency-inverse document frequency was applied to evaluate keyword im-
portance. The 2015-2019 and 2020-2024 periods were compared to examine changes in both research
designs and keyword importance.

Results: Compared to INS, JAN, and JINS, JKAN published more instrument development and ana-
lytic studies but fewer randomized controlled trials and systematic reviews. Over time, the number of
instrument development and mixed-methods studies in JKAN increased, while high-evidence designs
remained scarce. Keyword analysis showed JKAN's emphasis on psychosocial themes such as self-ef-
ficacy, quality of life, and depression, whereas the other journals more often highlighted policy- and
institution-related topics. Across journals, COVID-19 and patient safety emerged as important themes
after 2020.

Conclusion: JKAN demonstrates strengths in methodological diversity within quantitative research and
in digital health-related analytics. However, high-evidence study designs and policy-oriented keywords
are underrepresented in JKAN. Strategic expansion toward randomized controlled trials, systematic
review, global and digital health, and policy-relevant research is recommended to strengthen JKAN's
international competitiveness.

Keywords: Bibliometrics; Data mining; Nursing research; Research design; Trends

Introduction

Globally, healthcare systems are confronting unprecedented challenges due to the increasing
severity of complex health problems, such as aging, chronic disease, and infectious disease pan-
demics. These growing issues highlight the importance of empirical research and multidisci-
plinary perspectives, including treatment-based approaches as well as prevention, health man-
agement, and social determinants of health [1]. Concurrently, rapid advancements in Industry
4.0 and the digitalization of healthcare have led to advances in the application of digital health,

big data, and artificial intelligence (AI)-based technology in nursing research and practical set-
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tings [2]. These advances have led to important shifts in the struc-
ture and direction of nursing knowledge production [3,4]. Along-
side accelerated globalization in nursing research, there has been
clear diversification of research topics and refinement of method-
ologies, particularly in Science Citation Index Expanded (SCIE)
international nursing journals [3-6].

The Journal of Korean Academy of Nursing (JKAN) is a SCIE
journal with a long tradition and academic authority in the field
of nursing in South Korea; it has played a central role in the
growth and development of nursing in South Korea over the last
several decades [7]. Recently, multidimensional efforts have been
made to improve the quality and international standing of the
journal, including efforts to reinforce research ethics, apply rigor-
ous statistical analyses and internationalize the online submission
system [4]. However, to further enhance the academic status and
global competitiveness of JKAN in the context of the rapid global-
ization of nursing research, a strategic review of the current inter-
national academic environment, including collaboration between
researchers, methodology refinement, social contributions, and
clinical applicability, is needed. Such a review is expected to iden-
tify directions for JKAN development [4,8].

Various quantitative analysis techniques have recently been in-
troduced to nursing, including text mining, network analysis, ma-
chine learning, and structural equation modeling, making quanti-
tative analyses of large-scale text data feasible [9,10]. Text mining
is a quantitative analytical tool for extracting topics and themes
from large-scale academic text data and structuring the relation-
ships between them. This approach is widely used to explore the
structure and changes in academic discourse [3,5]. However, few
empirical analyses have focused on the application of these analyt-
ic techniques at the level of nursing journals published in Korea
and their position in relation to major international journals [3].

The purpose of this study was to compare trends in research
designs and keywords based on abstracts published in major
nursing journals over the last decade. In addition to JKAN, the In-
ternational Journal of Nursing Studies (IJNS), Journal of Advanced
Nursing (JAN), and Japan Journal of Nursing Science (JINS), which
have maintained positions near the top of the SCIE ranking, were
included in the analyses. In particular, through a quantitative
analysis of changes over the past 10 years, we aimed to obtain a
broad view of research trends and the status of JKAN in the con-
text of international research. We expect our findings to be used
to explore strategic directions for improving the standing of JKAN

as an international journal.
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Methods
1. Research design

This study conducted a bibliometric analysis to examine and
compare trends in research designs and keywords, using abstracts
of articles published between 2015 and 2024 in JKAN and three
leading SCIE nursing journals (IJNS, JAN, JINS).

2. Data collection and preparation

The abstracts of scholarly articles published from 2015 to 2024
in four major nursing journals, namely JKAN, IJNS, JAN, and
JINS, were analyzed. The selection of target journals was based on
several criteria. We prioritized general nursing journals indexed in
the SCIE and ranked in Q1 or Q2 according to bibliometric indi-
cators (e.g., H-index). Journals with a narrow focus on specific
clinical skills or specialized domains were excluded in favor of
those covering a broad spectrum of nursing topics. The final se-
lection of the four journals was determined through a consensus
process involving six PhD-prepared nursing researchers.

Abstracts were retrieved from the official journal websites and
the PubMed database. The collected data were organized using
EndNote software (Clarivate) and then exported to Microsoft Ex-
cel (Microsoft Corp.) for management. An initial total of 6,853
abstracts were retrieved. Of these, 1,155 records were excluded
during the initial screening because they were not empirical re-
search articles (e.g., editorials, corrections, and conference ab-
stracts). An additional 176 records were removed due to the ab-
sence of an abstract or keywords. Finally, 5,522 abstracts were

included in the analysis.
3. Text preprocessing

To prepare the abstract data for a keyword analysis using text
mining techniques, text preprocessing was conducted in a Py-
thon-based Jupyter Notebook environment [11]. First, all key-
words were converted to lowercase, and extraneous characters—
such as parentheses, special symbols, and numbers—were
removed to ensure uniformity. Synonymous terms were standard-
ized by referencing the Medical Subject Headings (MeSH) thesau-
rus. For instance, the terms self-care, self _care, and self_manage-
ment were normalized to self-care, while elderly, older adults, and
aged people were unified as aged.

To preserve the semantic integrity of compound phrases, multi-

word expressions, such as mental health, are connected with an
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underscore and treated as a single term (i.e., mental_health).
Lemmatization was applied to reduce words to their base or root
form (e.g., studies - study and interventions - intervention). Fur-
thermore, semantically related terms, such as nurse and nursing,
were consolidated into a single term (e.g., nurse).

Terms describing research design types, such as randomized
controlled trial and randomized clinical trial, were also standard-
ized (e.g., randomized_controlled_trial). A total of 20 key research
design types were identified and consistently labeled. Finally, both
general and domain-specific stopwords that offered minimal se-
mantic value (e.g., effect, result, sample, and published) were re-
moved to improve analytical precision.

Following preprocessing, a document-term matrix was con-
structed, and term frequency-inverse document frequency (TE-
IDF) weights were calculated for each term. These weighted val-
ues formed the basis for identifying keyword importance and

analyzing temporal trends.

4. Data analysis

All analyses were performed using Python ver. 3.10 (https://
www.python.org/) in a Jupyter Notebook environment. The pan-
das library was used for data manipulation, matplotlib and sea-
born libraries were employed for visualization, and scikit-learn
was used for text mining operations.

Research design classification was guided by established inter-
national frameworks, including the National Institute for Health
and Care Excellence [12] public health guideline methodology,
Duke University Medical Center Library’s typology of review
types [13], Oxford Centre for Evidence-Based Medicine’s research
design glossary [14], and Standards for Reporting Qualitative Re-
search (SRQR) [15]. Based on these references and through con-
sensus among the research team, each article was classified into
one of three major categories: quantitative, qualitative, or other.

Quantitative studies were further subdivided into experimen-
tal, observational, secondary data analysis, instrument develop-
ment and validation, review, and special analytic studies. Quali-
tative studies were categorized into two groups: (1) traditional
approaches grounded in explicit philosophical frameworks (e.g.,
phenomenology, grounded theory, ethnography, narrative in-
quiry, and case study) and (2) other approaches that, while not
explicitly grounded in a particular philosophy, relied on distinct
analytic techniques (e.g., qualitative descriptive studies, Q-meth-
odology, content analysis, and thematic analysis) (Table 1). The
frequency of each research design was calculated to determine the

distribution across journals. The relative proportion of each de-
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sign was also analyzed annually from 2015 to 2024. To assess tem-
poral shifts, the study period was divided into the 2015-2019 and
2020-2024 periods, and the proportions of design types were
compared between these two periods.

For the keyword analysis, TF-IDF scores were calculated for
each year to assess the relative importance of keywords over time.
The average TF-IDF score for each keyword across the entire de-
cade (2015-2024) was then computed, and the top 20 keywords
with the highest average scores were identified. The analysis peri-
od was further divided into the 2015-2019 and 2020-2024 peri-
ods. The top 15 keywords based on average TF-IDF scores were
identified for each period. A comparison between the periods was
conducted to identify persistent, emerging, and declining key-

words, thereby revealing shifts in research focus over time.

5. Ethical considerations

This study was a bibliometric analysis based on existing litera-
ture and did not involve any human participants or identifiable
personal data. Therefore, it was exempt from review by the Insti-
tutional Review Board.

Results
1. Research design types by journal

In total, 5,522 articles published between 2015 and 2024 in four
target nursing journals (JKAN, IJNS, JAN, and JJNS) were ana-
lyzed. Overall, quantitative studies were the most prevalent, ac-
counting for 76.0% of the articles, followed by qualitative studies
(17.0%) and mixed-methods studies (4.6%) (Table 1).

JKAN exhibited the highest proportion of quantitative studies
(85.4%), primarily comprising cross-sectional surveys (32.5%)
and non-randomized controlled trials (non-RCTs) (22.8%). These
were followed by instrument development and validation studies
(14.7%) and systematic review (SR) and meta-analysis (6.8%).
Qualitative studies accounted for 11.9% of articles in JKAN, with
a majority (70.3%) employing traditional qualitative approaches.

IJNS similarly featured a high percentage of quantitative studies
(86.1%). SR and meta-analysis were the most common designs
(36.4%), followed by cross-sectional surveys (18.1%) and random-
ized controlled trials (RCTs) (13.3%). Qualitative studies repre-
sented 9.1% of publications, with 54.5% using other qualitative
approaches.

JAN had a lower proportion of quantitative studies (67.4%)
than IJNS, with cross-sectional surveys (35.6%), SR and me-
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Table 1. Distribution of research designs and methodologies in four leading nursing journals between 2015 and 2024 (N=5,522)

IUNS (n=1,457)  JAN (n=2,926) JINS (n=518)  Total (N=5,522)

Category JKAN (n=621)

Quantitative research 530 (85.4)
Experimental study

RCTs 25 (4.7)
Non-RCTs 121 (22.8)
Observational study
Cross-sectional survey 172 (32.5)
Longitudinal survey 21 (4.1)
Review
Systematic review 6(1.0)
Meta-analysis 31 (5.8)
Other review (e.g., scoping review, integrative re- 14 (2.6)
view, literature review, etc.)
Methodological study
Instrument development and validation 78 (14.7)
Concept analysis 10 (1.9)
Other methodology (e.g., diagnostic accuracy study, 3(0.6)
predictive model validation, intervention tool/
protocol development, etc.)
Secondary data analysis 33 (6.2)
Special analyses
Data mining and Al (e.g., text mining, network anal- 12 (2.3)
ysis, machine learning, judgment analysis, etc.)
Other special analyses (e.g., cost-benefit analysis, 4(0.8)
cost-utility analysis, etc.)

Qualitative research 74 (11.9)
Phenomenology 31 (41.9)
Grounded theory 20 (27.0)
Ethnography 1(1.4)
Narrative research 0(0.0)
Case study 0(0.0)
Other qualitative approach (e.g., qualitative descrip- 22 (29.7)

tive, Q-methodology, content/thematic analysis, etc.)

Mixed-methods research 15 (2.4)

Other research (discursive paper) 2 (0.3)

1,254 (86.1) 1,970 (67.4) 450 (86.9) 4,204 (76.0)
167 (13.3) 149 (7.6) 52 (11.6) 393 (9.3)
38 (3.0) 93 (4.7) 67 (14.9) 319 (7.6)
227 (18.1) 702 (35.6) 211 (46.9) 1,312 (31.2)
85 (6.8) 130 (6.6) 29 (6.4) 265 (6.3)
243 (19.4) 231 (11.7) 11 (2.4) 491 (11.7)
213 (17.0) 156 (7.9) 11 (2.4) 411 (9.8)
180 (14.4) 226 (11.5) 13 (2.9) 433 (10.3)
23(1.8) 103 (5.3) 36 (8.1) 240 (5.8)
6 51 (2.5) 3(0.7) 71 (1.6)
9 (0.5) 0 (0.0 12 (0.3)
64 (5.1) 107 (5.4) 14 (3.1) 218 (5.2)
1(0.1) 7 (0.4) 2 (0.4) 22 (0.5)
6(0.4) 6(0.3) 1(0.2) 17 (0.4)
132 (9.1) 673 (23.0) 57 (11.0) 936 (17.0)
15 (11.4) 137 (20.4) 8 (14.0) 191 (20.4)
23(17.4) 88 (13.1) 12 (21.1) 143 (15.3)
8(6.1) 43 (6.4) 0 (0.0 52 (5.6)
4(3.0) 13 (1.9) 2(3.5) 19 (2.0)
10 (7.6) 30 (4.5) 2 (3.5) 42 (4.5)
72 (54.5) 362 (53.7) 33(57.9) 489 (52.2)
53 (3.6) 174 (5.9) 10 (1.9) 252 (4.6)
18 (1.2) 109 (3.7) 1(0.2) 130 (2.4)

Values are presented as number (%).

Al, artificial intelligence; IJNS, International Journal of Nursing Studies; JAN, Journal of Advanced Nursing; JKAN, Journal of Korean Academy of
Nursing; JINS, Japan Journal of Nursing Science; non-RCTs, non-randomized controlled trial; RCTs, randomized controlled trial.

ta-analysis (19.6%), and RCTs (7.6%) being the predominant de-
signs. Qualitative studies accounted for 23.0% of its articles—the
highest proportion among the four journals—with 53.7% of these
using other qualitative approaches. Mixed-methods studies were
also relatively common in JAN (5.9%).

JINS reported the highest proportion of quantitative studies
(86.9%). The most frequent designs were cross-sectional surveys
(46.9%), non-RCTs (14.9%), and RCTs (11.6%). Qualitative stud-
ies accounted for 11.0% of its articles, of which 57.9% utilized oth-

er qualitative approaches (Table 1).
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2. Changes in research designs by journal

To examine temporal changes in research designs, the analysis
period was divided into the 2015-2019 and 2020-2024 periods.
The relative proportions of major research designs were then
compared for each journal (Figure 1). While the ranking of the
top research designs remained generally similar across all four
journals, their proportions shifted between the two periods.

In JKAN, the proportion of non-RCTs decreased from 22.8%
during the 2015-2019 period to 14.6% in the 2020-2024 period.

In contrast, instrument development and validation studies in-
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JKAN: Study designs comparison (2015-2019 vs. 2020-2024)
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IUNS: Study designs comparison (2015-2019 vs. 2020-2024)
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JJNS: Study designs comparison (2015-2019 vs. 2020-2024)
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Figure 1. Changes in the distribution of study design types in the four major nursing journals, comparing the 2015-2019 and 2020-2024 periods. (A)
Journal of Korean Academy of Nursing (JKAN): Study designs comparison (2015-2019 vs. 2020-2024). (B) International Journal of Nursing Studies
(IJNS): Study designs comparison (2015-2019 vs. 2020-2024). (C) Journal of Advanced Nursing (JAN): Study designs comparison (2015-2019 vs.
2020-2024). (D) Japan Journal of Nursing Science (JINS): Study designs comparison (2015-2019 vs. 2020-2024). RCT, randomized controlled trial.

creased from 11.4% to 14.2%. Other qualitative approaches (2.4%
- 5.1%) and mixed-methods studies (1.6% -> 3.6%) also increased
(Figure 1A).

In IJNS, SR and meta-analysis showed a high relative propor-
tion in both periods, with a substantial increase from 23.5% to
37.0%. Conversely, the proportions of cross-sectional surveys
(19.4% > 12.8%), other reviews (13.2% > 11.7%), and RCTs
(11.9% > 11.2%) all decreased. Similarly, qualitative and
mixed-methods studies showed a slight decline in the 2020-2024
period compared with the 2015-2019 period (Figure 1B).

In JAN, the proportions of cross-sectional surveys (25.7% -
22.8%), RCTs (6.3% > 4.2%), and non-RCTs (3.8% > 2.8%) de-
creased. In contrast, SR and meta-analysis (11.3% > 14.5%), other

https://www.jkan.or.kr

reviews (5.9% > 9.0%), and secondary data analyses (2.3% >
4.6%) all increased. Other qualitative approaches rose from 9.7%
to 14.3%, while mixed-methods research remained stable at ap-
proximately 6.0% in both periods (Figure 1C).

In JJNS, cross-sectional surveys increased substantially from
38.4% to 42.1%. RCTs (8.9% > 10.7%) and SR and meta-analysis
(2.6% > 5.2%) also increased. Conversely, instrument develop-
ment and validation studies (12.1% > 4.0%) and non-RCTs
(15.3% - 11.6%) decreased. Traditional qualitative approaches in-
creased from 3.7% to 5.2%, while other qualitative approaches de-
creased slightly from 6.8% to 6.1% (Figure 1D).

3. Analysis of relative keyword importance by journal
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An analysis of the top 20 keywords with the highest average TF-
IDF scores from 2015 to 2024 revealed that ‘nurse; ‘aged, and ‘self-
care’ were common high-importance keywords across all four
journals (Table 2).

In JKAN, ‘nurse’ demonstrated the highest importance (average
TF-IDF=.251). The term ‘covid19’ ranked second (average=.133).
Keywords related to psychosocial factors, including ‘self-efficacy’
(.115), ‘aged’ (.108), ‘qol’ (.105), and ‘depression’ (.100), were also
highly ranked. In addition, terms associated with measurement
and reproducibility, such as ‘validity’ (.084), ‘statistical factor anal-
ysis’ (.078), and ‘reproducibility of result’ (.069), were prominent.

In IJNS, top keywords included ‘nurse’ (.242), ‘aged’ (.157), ‘self-
car€ (.133), dementia’ (.120), and ‘hospital’ (.103). Psychosocial
factors, such as ‘depression’ (.078), ‘anxiety’ (.048), and ‘self-efficacy’
(.049), were also notable. Furthermore, terms related to long term
care and safety, including ‘nursing home’ (.080), ‘long term care’
(.054), and ‘patient safety’ (.065), were distinctive features of IJNS.

In JAN, ‘nurse’ had the highest average TF-IDF score among
the four journals (.553), followed by keywords related to the life
course, maternity, and infectious disease response, such as ‘aged’
(.125), ‘self-care’ (.101), ‘midwife’ (.100), and ‘covid19’ (.075). Mea-
surement-related terms and psychological factors (‘instrument

development, ‘qol, and ‘self-efficacy’) were also frequent, along
with keywords in education and mental health (‘nursing student;
‘nursing education, ‘mental health, and ‘burnout’).

In JJNS, ‘covid19’ ranked highest (average TF-IDF=.135). Other
highly ranked keywords included ‘nurse’ (.125), ‘aged’ (.095), ‘self-
car€ (.076), and ‘qol’ (.075). Psychological factors, such as ‘depres-
sion’ (.054), ‘anxiety’ (.050), and ‘social support’ (.047), were also
prominent. In addition, terms related to education and measure-
ment, including ‘health education’ (.045), ‘reliability’ (.043), and
‘validity’ (.048), were identified.

4. Changes in keyword importance over time by journal

To investigate shifts in keyword importance, we calculated the
average TF-IDF scores for the 2015-2019 and 2020-2024 periods.
The top 15 keywords from each period were extracted and com-
pared using bidirectional bar charts (Figure 2).

In JKAN, ‘nurse; ‘self-efficacy, ‘adolescent; ‘aged, ‘health behav-
ior; ‘qol; ‘critical care, ‘validity; and ‘depression’ were prominent
keywords in both periods. The importance of ‘nurse’ increased
(from .038 to .054), ranking highest in both periods. In contrast,
the relative importance of ‘depression’ (.027 > .014) and ‘self-care’

Table 2. Top 20 keywords by mean TF-IDF scores in four leading nursing journals between 2015 and 2024

Rank JKAN IINS JAN JINS

no. Keywords Tl\l/:l—eli)nF Keywords 'Plf—el:li)nF Keywords T'\'/:l_elan Keywords T'\'/:l_elan
1 nurse .251 nurse 242 nurse 553 covid19 135
2 covid19 133 aged 157  aged 125 nurse 125
3 self-efficacy .15 self-care 133 systematic review 123 aged .095
4 aged .108  dementia 120 qualitative research .10 self-care .076
5 qol 105 hospital 103 self-care 101 qol .075
6 depression 100  literature review .099  midwife .100  nursing student .058
7 validity .084  nursing home .080  covid19 .075  depression .054
8 statistical factor analysis .078  depression .078 instrument development .069  anxiety .050
9 adolescent .078  covid19 .074  critical care .068  validity .048
10 reproducibility of result .069 intensive care .066  meta-analysis .068  social support .047
" self-care .068  patient safety .065  QOL .067  health education .045
12 health behavior .066  RCTs .063  depression .067  reliability .043
13 reliability .064 QOL .060  self-efficacy .058  diabetes mellitus .043
14 student .059  long term care .054  mental health .058  nursing education .042
15 psychological stress .058  critical care .053  nursing student .055  attitude .041
16 women .058 palliative care .052  dementia .054  neoplasm .041
17  child .054  pressure ulcer .051 anxiety .049  pain .041
18  psychological adaptation .050  self-efficacy .049  burnout .046  self-efficacy .040
19  knowledge .048  anxiety .048  nursing education .044  Japan .039
20 neoplasm .048  pain .047  hospital .044  child .039

IJNS, International Journal of Nursing Studies; JAN, Journal of Advanced Nursing; JINS, Japan Journal of Nursing Science; JKAN, Journal of Korean
Academy of Nursing; RCTs, randomized controlled trial; QOL, quality of life; TF-IDF, term frequency-inverse document frequency.
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Figure 2. Changes in mean term frequency-inverse document frequency (TE-IDF) scores of study keywords across the four major nursing journals,
comparing the 2015-2019 and 2020-2024 periods. (A) Journal of Korean Academy of Nursing (JKAN): Study topics comparison (2015-2019 vs.
2020-2024). (B) International Journal of Nursing Studies (IINS): Study topics comparison (2015-2019 vs. 2020-2024). (C) Journal of Advanced
Nursing (JAN): Study topics comparison (2015-2019 vs. 2020-2024). (D) Japan Journal of Nursing Science (JINS): Study topics comparison (2015-

2019 vs. 2020-2024).

(.020 > .013) decreased. In the 2020-2024 period, ‘statistical factor
analysis, ‘reproducibility of result; and ‘covid19’ emerged as new
high-ranking keywords (Figure 2A).

InIJNS, ‘nurse; ‘self-care; ‘aged, ‘dementia;, ‘critical care, ‘depres-
sion, ‘hospital; ‘nursing home, and ‘patient safety’ remained im-
portant across both periods. However, the importance of ‘commu-
nication’ (.009 - .004), ‘burnout’ (.009 - .005), ‘pain’ (.008 ->.007),
and ‘long term_care’ (.008 - .007) declined in the 2020-2024 pe-

riod. In contrast, ‘qol; and ‘palliative care’ emerged as new key-

https://www.jkan.or.kr

words in the 2020-2024 period (Figure 2B).

In JAN, the keyword composition showed little change between
periods. Although the score for ‘nurse’ decreased slightly (.045 >
.042), it remained the top keyword in both periods. The impor-
tance of ‘nursing education’ (.008 - .006) and ‘burnout’ (.009 >
.007) declined in the 2020-2024 period, while ‘patient safety’ (.005
> .008) and ‘advanced practice nursing’ (.006 > .007) saw their
TF-IDF scores rise and newly enter the top rankings (Figure 2C).

In JJNS, ‘nurse; ‘aged; ‘self-care; ‘qol, ‘critical care; ‘depression,
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‘nursing student; and ‘nursing education’ were identified as top 15
keywords in both periods. The importance of ‘self-efficacy; ‘in-
strument development; and ‘burnout’ declined in the 2020-2024
period, while ‘anxiety; ‘health education; and ‘validity’ emerged as
new high-ranking keywords (Figure 2D).

Discussion

We analyzed trends in the types of research designs and major
keywords in nursing journals over the last 10 years in a compara-
tive framework, with the aim of examining the current academic
standing of JKAN and suggesting directions for future develop-
ment. Academic leadership contributes to the link between clini-
cal practice and research and is formed through high-quality edu-
cation and professional development [16]. Within this context, the
role of JKAN in advancing such leadership assumes considerable
significance. The two axes analyzed in this study—research de-
signs and keywords—could serve as important indices for identi-
fying future directions in nursing research.

In the last 10 years, all four journals showed clear changes over
time in the relative frequencies of various research designs. While
JKAN maintained a consistent composition with an overall focus
on quantitative research, during the 2020-2024 period, there were
steady increases in the ratios of mixed-methods and instrument
development and validation studies. Specifically, the ratio of
mixed-methods studies increased from 1.6% to 3.6%, and the ra-
tio of instrument development and validation studies increased
from 11.4% to 14.2%. The ratio of other qualitative approaches
rose from 2.4% to 5.1%. These findings reveal a shift in JKAN,
previously focused on cross-sectional studies, toward the inclu-
sion of more diverse research designs.

There were several differences between JKAN and the IJNS,
JAN, and JJNS, reflecting several limitations of the journal. For the
IJNS, during the same period, there was a large increase in the ra-
tio of SR and meta-analysis from 23.5% to 37.0%, the ratio of
RCTs was maintained above 11%, and there was a stable stream of
high-standard evidence-based research being published. The JAN
showed gradual increases in the ratios of secondary data analysis
and SR and meta-analysis, while the JJNS showed increasing ra-
tios of both RCTs and SR and meta-analysis in the 2020-2024 pe-
riod. JKAN remained focused on non-RCTs studies and
cross-sectional studies, and the ratios of RCTs and SR and me-
ta-analysis remained low or stagnant. These trends suggest that
JKAN is still skewed toward single-center cross-sectional studies.
For JKAN to position itself as a top international journal, the di-

versification of research designs, which can generate high-quality
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results, is essential. In particular, designs such as SR, meta-analy-
sis, RCTs, and secondary data analyses can improve applicability
in nursing and policymaking; these designs should be actively en-
couraged at the level of editorial strategy.

Qualitative research accounted for 11.9% of all studies pub-
lished in JKAN, of which the majority (i.e., 70.3%) used tradition-
al qualitative approaches. This pattern differed markedly from
that of other journals, which showed a clear preference for
grounded theory and phenomenological studies. By contrast,
qualitative research represented 9.1%, 23.0%, and 11.0% of all
studies in IJNS, JAN, and JJNS, respectively; in each of these jour-
nals, more than half of qualitative studies used other qualitative
approaches. These journals were expanding their research designs,
focusing on empirical and applicable themes, such as patient ex-
periences, nursing work, and policy appraisal. For example, in
JAN, 53.7% of qualitative studies—and in IJNS, 54.5%—used oth-
er qualitative approaches, such as qualitative descriptive studies or
based on content and thematic analyses. This suggests that, even
though JKAN ensures the depth and theoretical basis of qualita-
tive studies, the scope is somewhat narrow with regard to field-ad-
jacent themes or practical applications. In international nursing,
qualitative and mixed-methods studies have recently been applied
to complex issues, such as infectious diseases, nurse staffing crises,
digital healthcare, and health inequity.

Studies using analytic techniques, such as data mining, machine
learning, or Al accounted for a low percentage of all studies in
JKAN, at 2.3%. However, this was still higher than the ratios in the
other three journals. This suggests that a strength of South Korean
research is in the fields of digital health and nursing informatics,
and these techniques could be a basis for expansion to more re-
fined analytical research, such as big data-based empirical studies
and predictive model development. Digital research has been a
key area in nursing, including digital literacy and the development
of mobile health applications; personalized digital interventions
are also being attempted [17]. Going forward, JKAN could be a
pioneer in the digital transformation of nursing through reinforc-
ing nursing leadership based on the World Health Organization's
digital health strategy (2020-2025) and providing education in
digital ethics [1].

Splitting the data into the two time periods of 2015-2019 and
2020-2024, we analyzed changes in the importance of keywords
in major nursing journals. We demonstrated the shift in research
keywords with changing social and public healthcare environ-
ments. First, patient-centric keywords, such as ‘self-care’ and ‘criti-
cal care’ showed consistently high rankings in all four journals.

These results suggest that nursing research is focused on patients’
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experiences and direct nursing behaviors, which are the essence of
clinical nursing. In JKAN, in particular, the high importance of
psychosocial keywords, such as ‘qol; ‘depression; and ‘self-efficacy;
was maintained over a long period of time. The continued accu-
mulation of research in these fields could be interpreted as a
strength of JKAN.

Since the pandemic, ‘covid-19” has shown a rapid increase in
TF-IDF in all journals, emerging as a core keyword reflecting the
current times. This is consistent with trends in global nursing re-
search reported by Zhang et al. [10], who reported a shift in inter-
est from ‘nursing; ‘burnout,; and ‘fear’ during the pandemic to
‘stress, ‘depression; ‘nursing student; and ‘public health? Keywords
in JKAN also reflected a focus on changes in the psychological
health of nurses and nursing education during the pandemic, with
terms such as ‘covid19; ‘depression, and ‘nurse; showing that the
journal reacts promptly to time-sensitive social and public health-
care issues.

Among the nurse- and professional-related keywords, there was
an increase in the importance of ‘nurse’ in all international jour-
nals. Themes related to nursing institutions and clinical systems,

>

such as ‘nursing home, ‘patient safety; ‘long-term care, and ‘ad-
vanced practice nursing’ consistently occupied top positions in
the IJNS and JAN. In JKAN, other than ‘nurse; relatively few key-
words were directly related to nursing policies and institutions.
These findings suggest that work-based research in nursing in
South Korea could be improved in terms of policy connectedness.
In the future, research including the expansion of the roles of
nursing professionals, policy proposals, and improvements in or-
ganizational culture needs to be discussed actively through JKAN;
this could allow JKAN to act as a platform for promoting knowl-
edge production and facilitating communication between the pol-
icy and work sectors.

In terms of education-related keywords, performance-based
psychology and competencies, such as ‘self-efficacy; ‘nursing stu-
dent; ‘nursing education, and ‘health education; have been consis-
tently highly represented in international journals. In JKAN, only
the ‘student’ keyword showed a small increasing pattern in the
2020-2024 period. This demonstrates the relatively limited scope
of keywords in JKAN related to education research. The educa-
tion research currently published in JKAN is mainly focused on
behavioral and psychological factors. A more structured/institu-
tional approach is required to improve educator competencies,
develop education programs, and increase the quality of nursing
education.

In the list of top keywords in the TF-IDF analysis, there were al-
most no keywords related to global public healthcare issues, such

https://www.jkan.or.kr

as digital healthcare, climate change, and health equity. Several
nursing journals, including JKAN, have not yet established these
themes as central research areas. There is growing awareness of
the need to conduct multidisciplinary research, including the dig-
ital transition and the response of international nursing policy. In
the future, JKAN should accept more future-oriented keywords,
such as ‘digital health, ‘global healthcare, ‘health inequity; and
‘nursing informatics, to adopt a strategic role as a research plat-
form that links nursing work, policy; and education.

Our study had some limitations. First, although we analyzed
the frequency and TF-IDF of keywords, focusing on studies pub-
lished in four major nursing journals, the scope of journals in-
cluded in the study was restricted. Therefore, the findings may not
comprehensively reflect research trends across the field of nursing.
Second, the metadata used in the thematic analysis were depen-
dent on keyword data presented on the web page for each study;
therefore, there is a possibility that actual research keywords were
not thoroughly represented. Third, although the TF-IDF analysis
is useful for quantitatively evaluating the importance of words, it
cannot reflect the semantic context, relatedness, or structural rela-
tionships between keywords, limiting analyses of the multidimen-
sional structure of research keywords. Fourth, in the analysis by
year, we divided the 10-year period into the 2015-2019 and 2020-
2024 periods. However, the disparity in the number of studies
published between the 2015-2019 period (n=2,374) and the
2020-2024 period (n=3,148) could have affected the results. Fifth,
after COVID-19, certain keywords temporarily became more
prominent, and this phenomenon could have distorted the overall
flow of research themes. Sixth, this study focused on quantitative
analyses, and we were unable to perform qualitative analyses for
an in-depth understanding of how each keyword in each study

was actually used in context (i.e., information had to be inferred).

Conclusion

JKAN showed relatively low ratios of RCTs, SR, and meta-anal-
ysis, whereas instrument development and validation studies and
data-based analytical studies were more prevalent than in other
journals. This reflects the specific strengths of nursing in South
Korea but also highlights the need to expand studies with higher
levels of evidence (e.g., RCTs, SR, and big data-based research).
International journals have steadily increased the representation
of such designs, underscoring the need for similar strategic expan-
sion in JKAN.

Keyword analysis revealed that other international journals ad-

dressed a wider scope of keywords—linking clinical practice, pro-
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fessional roles, healthcare systems, and education—while JKAN
tended to concentrate on a limited range of psychological compe-
tency keywords, such as ‘nurse; ‘self-efficacy; and ‘nursing student’
This indicates a relative lack of institutional or policy-linked per-
spectives. Expanding research to encompass broader professional
roles, policy development, and organizational culture could
strengthen the journal’s relevance and impact.

Themes related to the future healthcare environment, including
digital technology, global nursing, and environmental issues, re-
main underrepresented across all journals. Actively incorporating
these future-oriented themes could enable JKAN to respond to
evolving healthcare demands, advance nursing education, and
contribute to digital health and nursing systems, thereby enhanc-

ing the quality and international competitiveness of its research.
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Strategies for expanding the role of
advanced practice providers in the
Korean nursing workforce: a mixed-
methods approach
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Purpose: This study aimed to propose strategies for strengthening the nursing workforce by expanding
their roles as advanced practice providers (APPs).

Methods: A mixed-methods approach was employed, consisting of five focus group interviews (FGls)
with 30 healthcare professionals (including 10 physicians) and a two-round Delphi survey with 49 ex-
perts. The FGls explored practical insights from clinical settings, while the Delphi process validated and
prioritized strategic recommendations through expert consensus.

Results: Four major themes emerged from the FGI analysis: (1) utilization of diverse APPs to ensure
quality care, (2) expanding the scope of practice of APPs, (3) requirements to ensure the quality of
APPs, and (4) strategies for sustainable management of the APP workforce. Building on these findings,
the Delphi survey identified five strategic domains: "definition and qualifications,” "scope of practice,”
"educational programs,” "credentialing and regulation,” and “support systems.” Key areas of consensus
included the need for mandatory clinical experience and specialty training, legal clarification of role
boundaries, standardized curricula with certification mechanisms, and institution-led support systems
such as task-specific job descriptions and recredentialing processes.

Conclusion: To effectively strengthen APP roles, it is essential to build on the existing advanced practice
nurse (APN) framework, which already includes structured curricula and national certification. Further-
more, integrative strategies should be developed to incorporate experienced clinical nurses without APN
licenses into the APN system.

Keywords: Advanced practice nursing; Credentialing; Nurse; Nurse practitioner; Scope of practice

ME

1. 9412 €24

e S olEs1Be o A1 B BAls AR AuA W PHS A3 Yo B AETA,


https://creativecommons.org/licenses/by-nd/4.0
https://creativecommons.org/licenses/by-nd/4.0
http://orcid.org/0000-0001-5384-706X
http://orcid.org/0000-0001-6730-2423
http://orcid.org/0000-0003-2377-9187
http://orcid.org/0000-0002-4753-1381
http://orcid.org/0000-0003-2171-7441

Strategies for activating the nursing workforce as advanced practice providers

7S AL, physician assistant (PA), surgical assistant 5 TFFsH
BAO AmAANHE okl UeH1]. L JENTARE Al

St 0] e A A1 oAt Wt 2 2A glo]
A=A AR oA O] drde] Fuls Bekstal Qlrt. 5] 2024
| 24, QHZ4Go R HF9 o] HYE ud & A= EA
OBV B A44Z2E TAR oA 45 B AEAY S 53]
SAL] A B A LAGF S SEMA, A= o] 5] HA - A
£ BOPgA Sol A A4S St ol

51 8] (scope of practice)= T}

o

F

r$

A RSP Sl 573

A4 B W8S 74 o=Qle] £ 4 Qs AR WS 74
Brlom. ARl P A LYY HEA0) 4301
o PESI7L BHEIAL, Ha

Qlelo] IE YEE SUSHE AL, iZFLPSOﬂ e 91l

4 0L T Bt A5 HoR S s

U]'}i 19601511:]]
A FARAZAAES B8, o152 HI9AT 94d7Hnon-phy-
sician clinician)24] 22} EAIS A A5t Ak - A4 - X7
ot= 59 715 8ok 55 A3 Hadvanced practice pro-
vider2 el el I 3-5). FAFABAAE AEAE
AteF PAZ} 3|0, o] &2 AA} o)d9] ST ol &
e DIAES AA AFAEE SAT T, FY7ITFE 59
AAg e et5-7). o)A Y 44T w ?Jr Z}ﬁﬂrﬂlXﬂﬁﬂOﬂ 7]
gt S AFAITAS] A== QAR Ael7t glatle], olmH|
& A4, 8o A S, A 92, X E 2 FA 5oE 3
Fe Fe Aor BuFoli8], T AT AFATA g Ei%
7F 2o Agstal JIeHI). ol 23t Hslke J=, ofdHES -
o2 %7} 1A% AR UL QIEH10]. REE, illﬁh

o

I‘

FJ flo ol

472, BAAAE 2
A AL B et
F0)9] ofn|z AEH HEATUAS Hold A=

A=
=
AR Yot AENINS} HIIENE HFUTATAR
s

2% AEASARET 9T PAAIE

7F ARALYTE St o],

7 AR B AR o HNE WA - AR gl glo] 1
el AR E Sl AL oIS
S 6 F71HR Uk ALY oA
el Q8 SO 91 5
2 949 gy, A3 ARl o 3 1Al
4, 2 oz e, A& W AL BE 50 QR 90%
nz A, B4 e, g of >‘<1 59 grE
80% 1*}01 949 7Hs sk SRstArhi2). QJAREHES] oA
AEEAS § 74 ARE 29 & Qe M@ 720 9a4
2 A71% vt 9IeH13)

o,
—
r
o,
~
2,
,
b
i
e
o _x,
LI

o o1
(2]
J» Ao
1o
o o
flo
™
hﬂ

n}ﬂ
b

=

=

o
o

https://www.jkan.or.kr

ol Y AFEAOIA FFATATAY] e G} SefelL o)
Loz BT, ARAUYTE $YoHs 1S
A7, WA BSAAL o8 et S8 e vl ge
HZEE 2 5o AMFARABAR AR A2 PA A7} ¥
2 9T, B ARAeA ARADTE 25AE FHOR &
GEI3 o], WHHEAE 7|E AL AEHEAAER F35
o A R4, AR FIE Ao N1
A 8 Al QAR
g5 &wﬁ FRE
Aoz B Aol ol B A2
B AR A e B dE g

]l

3L

o o o o
i

_c{m
o
1

[
N flo rr
o2
_0|L
[T [ e

[¢]

jiac

)

i
)
1
)
=
4m ”
N
>
N

of £ 7= AAFATATAZA NEAYITE 5
SRl 7S dEste], A4 Aled B glo] o
Gl goz

I7E 49 3 aﬂ% KA g 2 o

_{
i
o 4
&
ol
a‘F

o_‘_.
o

r@zz
42 A

E A= AFAFATA 9T ok 71518 &A% v
b =& 9 BAA &A1Y S - exploratory sequential
mixed-methods study) AAE 4-8-35}91ct.

_l

£ A7 1A s 94 A7e tdes AXLIF U
= A FARAEA tHﬁJ 94, &gt e A, AwH
A 87 5S AEAog ehlsigl T
AdAE =2d %‘%a HjEro 2 AT} 49918 o
Jo= 2;2}01] 7] dnjo] ZAIZ 2 A|5lo] 7+ Agko] eltAl} A5
1540l et ol 52 HepHo 2 AEsislt,

o|Z ujgro g Ak FES

1) ZAADE QHF
(1) A Fof=t

ol ARNSART APMEAALE LFE 499 A8



2l - F01E - H2 - olulg] - 24

S AL, AL SAL 7he B AF, AEOIE iAo 2 slyth FA1A]
0 109 o4 REZEAISL HEBAA wS 2shs A
ABARA ZEAE TG Y= ALl AAT 249 AFEY

Bt AYISAAERS LFelet 34 olthe] FAHOR AR
SRS Z7tstel L5 B 9l i, A7, el AR

FPHLL FYILL PO Fol S BT HFUTA
B Awo] B QA AYS TAL R NG ¢ glofok
B, ARSI AHEAE QY 3 o)y, A EX A
YA A R oyl A2 WS B, 47] 9459 3
AWARE S A AR T4 A9 AT 712 5 22
9 B YRS G A mgstr e An
e AT £E LA 9T 3k 1 67 o4l A2 B9
FEPRAIA 2ok A,

v
f
XN F
IF
ol rl
o
o o
e r\l n
tH
rlr
™
{1
I'N
ga

o 2 G

i o o Mo
f

o

>
o
ot
2
e

re

4
1o
e
i)
:L_l‘
053
122
mlo
il
oR,
o}m o A
re
ﬁé
o
2

)

Moo A
o
=
&
ol
F]F

dubE o= 3.&7{/\:1—,5 JEirm: l-g—J FAek &
A3 e 4-8g 0 & Fd5k= Ao Higt
TER[16], & oM 2l 694 viAste] e st
o 2t ZALTOFOE AFATAEA =94, A TAlE A
_4 _4 /\‘1]:]]/\ Oﬂcﬂoﬂ _1,]-‘8]— E:_;ﬂ?_]_- E/H_Q_ 01]—(5]._‘17_ Z] .‘E—_Aéo" tq-
2 H152 Hasetast 7 ZALIOF= Y A&7l 25
St AR 29, 7He iR} 29, AEIFEAL B AYEEAL 28

& WIS 22 E5 1 SR 54 3-’1310}04 ol
%‘04’611— iAol A vlE] ZALTFC] Al Hisf &7H5)
of, YA AHo] w2 Fggto] fleAE Rl & AL o
A el AF HEo] Hofsiet. AT AeE 28D

H'H Q.:]‘]ﬂ—a,O_E :‘—Ei}ol%ol %—E[J:—_Eﬂ 16], & O:‘?_Oﬂ/\i‘_ 57H i;,;l
3 A3}, ©] o4 ARL o] i A&ko] &

o
-
ofl
9

i,
|
ox
m[o

R JNT o rlo
ol

r l

[

[o

SHA] ghol Am7tF ZMefof] =EstRital wEtE o] H o]}
oz me Fastalnt
@ A=r4

20249 109 8AHE 129 5A7H] tho] EAATE QlE|RE

et w9 199 A7 AAAD7 g 4oz 2
HolaL, e 1799 AFAE 7] o] tid o] ofsto]
ZLEE A5t AERE APt 570 IFNA F 3089
oAz RE Aus S HEEE2 AdolA Y] Fodat A
ARt IE AYATE vger A4 7 39E S5t
AASHATHI7-19]. =Y AR FFAFATA dTS 3ok
S JAZE(ARISAY, PR S Aol 2k 5HH o Afzto] o

SEAUAY, 8 ARL FAIANA 2Tt @elomH

570

51‘?"°lﬂ1 HEARLS o= A4 @—“rzﬂ*ﬂ— HHXB = 71¥ 01
oRAE o] IUbR?”, “HUL JFATAZAR ZFe] 9%t A4
71239, W3] §)o] w wihEo] Jul?, “AFHETATAE
9 w8 IY(FY, ARIo] W wpElo] JFUZY, EA
FAZAY] 24, 4, #7118 55 TEske BAT A%
7, CFFAFTATAY A AL ouHIIte Y, IF
HAREAZA 9% JHE Qe B2 FoA7MRY, AR
A EAgste] 2dEo] JAFUN?, FFEFATA S45=
ZA35H= 7o) ofd Zo| Y277 Yk, “mpA| o g “AFAIRLA]
TAeH TS F71R o T £ Alo] Jua e dEoR
FEF
A2 A3 041}—4 HOM, A/ mefo|wAl S d2slo]
TFAZE A S o7l WEste] 3o oy st 42
H2Ql F1tof|A] o]FojFth. F 57 Sm7| T4 AP U
7&% 72-1238-0% PFAZZ 9580] it W QAL FoA
HEra A, 7|4, HEEES B
By 9 ZARIAL 0= o]FofR]
} | WHW ﬂ@l 04#3 e%OJ

=)
o
b
%H
;;E
g T

ot

> o
_IIl'l

5
)
)

o
E

o
1“;,4&
i rE e
O_A_. ﬂ&l

T
ot

|

e

2 g
[> it oF M

_O|L
K
re
-
o

4@1 < _VL

Az ol e ol e
o

oo ©

hY

Job rE o

2, 2T 2IVIE E] T
Elfol] Fojsts thge] urAal

o,
m,
:(
=
o
F
_I
El
i,
)
e
>
ot -
o
ity
of.,
_O‘L
k=
N ol S IR f

L.~}
o

J{m oft
1o
fo =
X

.
o
ox,
)
0
re
ol
oX

o
®
2
Ao
Y

2

i J
]

2 1o
T
o
2
i

ol 2

[s]
Fole T2 BelshAl ¢ skt o

)
a
>

JCS N o 1
o

E}lﬁ} o ik
ofy
re
@
2
2
o
o 5
Kl
Tg i
oM
el
(W)
ol
L
18 M
i
° i
Loy
fatal
ol
_L|: e
o

>
N
N
)

0|

zfofslr] ffs) MEE A

& TRt oiAtEo] AT 713

HA, GFARAISAEY A5 5 2AEA

I7F QARG R?Y, FAFAS A HhE W

o} 3}l AYZASIAILEQ?”, “AA| A Q] AFFAIR

= AROIA 5 431 98] 1S

Thal YZSHAR?” 59 Aol F7HE it §6] A A= |
SHAE AP 98l AdhAol 931 Aoy

HiAlstAct. Wgs F=ot7] dolle AArE |

BE|gsto] FolAE9] ool Atz AgHA=AE &

A T 544914 719k HAE R J(do]H SRHe
6A17F ool 12} WALS ka3l om, WA Alo|=
&3t ZPGV}—-J 4, 94F, F3olu 2971 55

o}‘ﬁ‘:} 48A1ZE olijo]l ThA] =58

A} % skt

T, oy

Mo e oE JT
™
<
ol
o

2L

oK

o
> 3R
o
o, o, |
X,

fo o
i
)
Bt

29
>

(ol o
o o ol

L
m{o;ﬁm
m..-r-LL
1 o0 B
%ﬂ

N
O
H“

e

o L

T of
3
l
0
)
N
oh
e r

2) AMO|ZEAt

AT BALTE GRS Bo) B2 A vio 4

https://www.jkan.or.kr



Strategies for activating the nursing workforce as advanced practice providers

FATATA AL $W5He 15
stgow, ol vios Mg Hde 74
etk Wto]xAH: s Hopo]
£719] Woi% EEHe u) AP PO, IR Bl FAf
that A% A olslE ofok FTH20,21). 2 giolA
L AFEAR HYo 23t o] FAstel &
50%9] sfo] wde

ZE5A} 108, AP
A = AEREEAR B
eJxor AR 247} 10,

N
4%
P

o{m rulm
-z
ot

A

)
ox
ol
ok
R
™
Mo
G
]
i
>
N,
)
~
L
S
o>
2
o

¢

_H
o,
r.>i )

M
e

o]

0o O

&
fol o
~
=]
Ho
i)
ol

ABAEARA 751Ee] oo} A2, AR, B8, A
Pe), ALete) 57 I3} 107} SRR P Een, 527
A gEow Fasolth 7t GES 45 Likert HECHS 342
=1, B2AA=2 AA=3 u-$ H&d= )i SUSIEE 19T, =
7 AP R RIS 71 4 Sles TS 1 2Ake
20254 29 1095 29 24U7}HA] O] WS B AP Y, =
49%(98.0%)°] GBI,

2 AL 14 2AEIE o AR e 223 9%
Sy 2ol 47 RS FAAOZE B
E(content validity ratio [CVR])o] .80 u[qto]An, ol 70 1]
vk P T 50 23}, o] A 4(coefficient of variation [CV]) .50 %
el PEe FioE APESACHR2-25), o] 71ES BETL
Hete T BEATL SA S0)AS AAE G20 aais
7Y =olg B 2o mewieT A% 25 AEAL oje
71E= Wgste] 4R P AHAlSHAY 25 8T FEE F
AElglon 22} 2AR= 20254 39 295 39 179714 A
o131, 17 354 3 F 48%08.0%)0] Seslsic.

3. XtzEy

1) ZAHAOE QBT

AR BAL PR oR At 590 APAES
] ZAATE B 72U HE 82 AdF o g AuE iy o

BE|g& 5191, A=E4L2 Microsoft Excel (Microsoft Corp.)=}
MAXQDA ver. 12.0 (VERBI Software)& ©]-&5}o] Elo®} Kyngis
P67 AN A Ao R Aee AmEae A
77F 23Eo] AgSdS SH &, BAREY AFEES EE3
of Asteich. EUTANA oIS ARE BHTHZ Ao
o W2 fAsHH ARE olsfistalat sttt olE s A=
< =55H ARE 21 FA0) BAREE YodA At A&sA|

https://www.jkan.or.kr

4 wsgieh. 245 AANAE MBAOT A BARE 90
WA o] S A& Y EYekn SHEFE Stk 7
Y3Y 9 4RSS thA] BFotel 2B HPE AH A7
A3e Buskgic Yusle 243 elA ARR UEE E
ob}h g7Auet AE T g HlwakeAl 1% Wt SolA v

7h el oreA] Slske e A4H 0 APt o
AL 0] YR B B9, e 8 x}i—g— oo oulg 3

o
)

e

k=t

re
41

g

o

O XN

1

112

oR,
e -

=)

_\}L

A

2) QIO|ZAL

dalo] ZALS] EAofl= IBM SPSS Statistics ver. 27.0 (IBM
Corp.)# Microsoft Excel (Microsoft Corp.)& A&ttt 1%} &
Aol AE7E HE Y] SRS v O R 7 =] gt BEHA,

CV, A% W9, YOI, 49, CVRE AH&s}9ith CVRE
Lawshe [22]9] 240 uje} AAks|glon], Wy o] ojg 4
CVRZEE 71202 915 05014 Relolat Y=g Austgict
[22,23]. & Ao AL 13} 499, 23} 48 0] AE7F7} ofstglo
o olof wje} HA CVR 7123He 298 HAsteitt

3Ho k= (degree of consensus)=1-(Q3-Q1)/Md(F ), 8%
(degree of convergence)=(Q3-Q1)/29] T-4]o.2 At&at 1, Z47¢
70 014, 50 ol3h ] ojzdo] golE Ao WESIGATHR3,24]
% 3}=20] AF L Cronbach's a A4S &3 AZs19l0M, agt
o] 70 ol 79 48 THsT AFER 1AL, Q
£ 71E0 % 50 oJstd o QFE Al SH = SiAISHITH24, 251,

4. 22| 13

AT A Z A Ao Y A4 LA 291 3] (Institutional Re-
view Board [IRB])2] 4I(IRB no., 2024-1096) Wo & g4
A& Azetlet. ZAATDFE Qe Rt dujo] AL AR43 Ao
FolRjolA] AEAT P Aeka Ao Folo] Folg
AE o E Ao E FoAE AT & A5 Asielth =
A£TE QUERO A9 Hahgo) woun A dusilt
2 Aol Lofd IR E= NP E BaHo] wet we st
A7 B A AT olojo] BHo L B gon AT 5
2 3347 B2dst | l’Jr7] T A dE 85t tidAelA A
T3 = 413«1 AlEE AFsHT

571



oo O

7} E Z-8oto] FE53 gALe] YRS AdslAY BAbE ghistol
ool Ag s YAt BANES 44 Qwr)W 5 IRE

1. BHAIZ QIEE 2000 e} Z=HHEE] L%{P AAES B8R BE AL, A= 9

2,
oft
iy

1
>
of,

i

1

e
ic
>
—
[e=]
ol

A% olF AB/AVNBAAES A4

Hulch AAFALE H Tl 745 Ak

o1 1sie, et 4
432 coyshA| AHg L

A
f94 10l Mzﬂ%, o % BF due 9ol gRuoINY BHL AFHAT, FAAYA AFATATA
41.3+6.06M1 At YA EHL F 16.03+6.02¢0] it HE E= o 7t S7FetEA ARAgell didt d2e 7l = AT
AHNTA] SREA= 8T HE 6, TEAA 31, T4
17go] 1L, ke de|#t 5 % %%, 5782 AN LHEI L (1) gt Aol A Al2tE L 28 A FAs A
o, WAl 47, A 29, SEAe|etT 2, Lobdadt 219 FEATASARE A3 FR9 59 24 Mmool A
S HoF HE |7} o o}OﬂE}(Table ). ZAATE QJERE B4 97t #Es5t0] 2w o] A SEIF o HYAA, AIEE AR} i
gt A, 717709] 2] Q= H&olA 1037]9] AYHEE EE5H9] ToArERE ol§oR SEH7] At Eet g2 sHatg o]
o} o]& THA] 11712 HESIeIG AL HFH 02 49 FAE =& AFoEthe s3E FHE v 2R ARE sl SR
SFTHTable 2). SH5E] Y5 FFUH, Aokt ST d3esr] ¥ A
5014 olES &85 ]= skt

1) 8 1: Yzl 22 25| s 2&E CYst SE AR HSK

HolArgo] 2EShE olR/|Re BE BEMEAY HETEEA} A7E A AORERAR FA1018 B o, AoREAL Al
Table 1. General characteristics of participants in the focus group interviews (N=30)
No. Age (yr) Gender Position Clinical career (yr) Practice area Hospital type Region
1 45 Woman APN 22.50 Oncology medicine Tertiary Seoul
2 33 Woman CPN 11.42 OBGY Tertiary Seoul
3 44 Woman Nurse manager 21.67 Acute care surgery Tertiary Seoul
4 42 Woman Nurse manager 18.67 OBGY Tertiary Seoul
5 39 Woman Attending physician 14.50 Oncology medicine Tertiary Seoul
6 34 Woman Attending physician 5.00 Acute care surgery Tertiary Seoul
7 48 Man Attending physician 8.67 Hematology-oncology  Tertiary Seoul
8 40 Woman Nurse manager 17.50 Hematology-oncology  Tertiary Seoul
9 30 Woman CPN 6.42 Hematology-oncology  Tertiary Seoul
10 40 Woman Attending physician 6.17 CCM Tertiary Seoul
n 40 Woman Nurse manager 17.50 Neurosurgical ICU Tertiary Seoul
12 29 Woman APN 5.25 Neurosurgery Tertiary Seoul
13 42 Woman Nurse manager 18.25 Neonatal ICU Tertiary Seoul
14 45 Woman Nurse manager 22.50 Surgical ICU Tertiary Seoul
15 34 Woman APN 10.42 Surgical ICU Tertiary Seoul
16 42 Woman CPN 20.42 Pediatrics Tertiary Seoul
17 38 Woman Attending physician 11.42 Pediatrics Tertiary Seoul
18 51 Man Attending physician 20.75 Pediatrics Tertiary Seoul
19 41 Woman APN 16.00 Medical ICU Tertiary Gyeonggi-do
20 45 Woman Nurse manager 23.50 Surgical ICU Tertiary Gyeonggi-do
21 45 Woman Attending physician 20.00 CC™M Tertiary Gyeonggi-do
22 40 Woman APN 14.75 Surgical ICU Tertiary Gyeonggi-do
23 43 Woman Nurse manager 15.50 Medical ICU Tertiary Gyeonggi-do
24 52 Man Attending physician 26.75 Thoracic surgery Tertiary Gyeonggi-do
25 56 Man Attending physician 20.00 Nephrology General Daejeon
26 41 Man Attending physician 13.00 Hematology-oncology ~ General Daejeon
27 37 Woman APN 14.75 Hematology-oncology ~ General Daejeon
28 37 Woman CPN 12.75 Hemodialysis room General Daejeon
29 42 Woman Nurse manager 20.00 Internal medicine General Daejeon
30 45 Woman Nurse manager 24.83 Hematology-oncology ~ General Daejeon

APN, advanced practice nurse; CCM, critical care medicine; CPN, clinical practice nurse; ICU, intensive care unit; OBGY, obstetrics and gynecology.
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Table 2. Experiences and perspectives of healthcare professionals working with advanced practice providers

Themes

Category

Utilization of diverse APPs to ensure quality care

Expanding the scope of practice of APPs

Requirements to ensure the quality of APPs

Strategies for sustainable management of APP workforce

Deployment and utilization of APPs across various clinical settings

Government-led expansion of advanced practice roles amid physician-government
conflicts

Confusion caused by the diverse roles and titles of APPs

Expanded roles of APPs

Competencies required for APPs

Need for consensus on minimum experience and licensing requirements

Certification and maintenance of qualifications for APPs

Development of competency-based curricula including both theoretical and practical
training for APPs

Establishment of legal regulations regarding the scope of practice and determination
of work boundaries using job descriptions

Establishment of systematic human resource management frameworks

Development of compensation systems for advanced practice work

APP, advanced practice provider.
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Table 3. General characteristics of the Delphi panel (N=49)

Characteristics Value
Gender
Men 7 (14.3)
Women 42 (85.7)
Age (yr) 46.8+6.82 (33-62)
30-39 7 (14.3)
40-49 24 (49.0)
50-59 17 (34.7)
>60 1(2.0)
Position
Advanced practice nurse 10 (20.4)
Clinical practice nurse 10 (20.4)
With APN certificate 7 (70.0)
Without APN certificate 3(30.0)
Nurse manager 10 (20.4)
Nursing professor 10 (20.4)
Physician 9(18.4)
Department: Surgical 5 (55.6)
Department: Medical 3(33.3)
Department: Pediatrics 1(11.1)
Education
Bachelor's 2 (4.1)
Master's 28 (57.1)
Doctoral 19 (38.8)
Field experience (yr) 16.78+7.96 (1-37)
<10 4(8.2)
10-19 30(61.2)
20-29 10 (20.4)
>30 5(10.2)
Clinical experience (yr) 19.92+8.85 (2-37)
<10 5(10.2)
10-19 17 (34.7)
20-29 19 (38.8)
>30 8(16.3)

Values are presented as number (%) or meanzstandard deviation (min-max).
APN, advanced practice nurse.
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Table 4. Comparison of Delphi rounds in developing a consensus on core competency indicators (round 1, N=49; round 2, N=48)

Domain e Mean+SD Consensus  Convergence cv CVR
R1 R2 R1  R2 R1  R2 R1  R2 R1  R2
1. Definition and qualifications for APPs
1-1. Definition of APPs 1-1-1 3.59+0.57 3.92+0.28 .75 1 .50 0 .16 .07 .92 1
1-2. Minimum qualification standards 1-2-1 3.35+0.66 3.19+0.49 .67 1 .50 0 20 .15 .80 .92
1-2-2 3.61+0.61 3.88+0.39 .75 1 .50 0 17 .10 .88 .96
1-2-3 3.35%£0.72 3.27+0.49 .67 .67 .50 .50 22 .15 .80 .96
2. Scope of practice of APPs
2-1. Legal regulations regarding scope of practice 2-1-1 3.76+0.48 3.96+0.20 1 1 0 0 13 .05 .96 1
2-1-2 3.71£0.50 3.94+0.32 .75 1 .50 0 .13 .08 96 .96
2-1-3 3.69+0.51 3.92+0.35 .75 1 .50 0 .14 .09 96 .96
2-2. Development of job description based on ad- 2-2-1 3.65+0.56 3.96+0.20 .75 1 .50 0 15 .05 .92 1
vanced practice
2-2-2 3.86+0.41 3.92+0.35 1 1 0 0 11 .09 96 .96
2-2-3 3.76x0.52 3.94%0.24 1 1 0 0 .14 .06 .92 1
3. Educational programs for APPs
3-1. Standardization of core theory and practicum 3-1-1 3.80+0.41 4.00+0.00 1 1 0 0 N 0 1 1
curriculum
3-1-2 3.65+0.56 3.96+0.20 .75 1 .50 0 .15 .05 .92 1
3-1-3  3.29+0.79 3.23+0.52 .67 .67 .50 .50 24 .16 .67 .92
3-2. Mandatory completion of accredited ad- 3-2-1 3.53+0.71 3.92+0.35 .75 1 .50 0 20 .09 .84 96
vanced practice nursing education or specialty
training
3-2-2 3.39+0.84 3.79%0.62 .75 1 .50 0 25 .16 .80 .88
4. Credentialing and regulation of APPs
4-1. Establishment of certification system 4-1-1 3.76+0.56 3.96+0.20 1 1 0 0 15 .05 .96 1
4-2. Establishment of a re-certification system 4-2-1 3.79+0.45 3.96%0.20 .75 1 .50 0 12 .05 1 1
4-2-2  3.49+0.71 3.90+0.37 .75 1 .50 0 20 .10 .84 .96
5. Support systems for APPs
5-1. Organizational system for human resource 5-1-1 3.71£0.50 3.94+0.32 .75 1 .50 0 13 .08 96 .96
management
5-1-2 3.67+0.52 3.98+0.14 .75 1 .50 0 14 .04 .96 1
5-1-3 3.49+0.62 3.81+0.49 V5 1 .50 0 18 13 .88 .92
5-2. Compensation for advanced practice roles 5-2-1 3.67+0.55 3.88+0.39 .75 1 .50 0 A5 .10 92 96
5-2-2 3.59+0.61 3.90+0.31 .75 1 .50 0 .17 .08 .88 1
5-2-3 3.563+0.62 3.85+0.46 .75 1 .50 0 A7 012 .88 .92

APN, advanced practice nurse; APP, advanced practice provider; CV, coefficient of variation; CVR, content validity ratio; R1, Delphi round 1; R2,

Delphi round 2; SD, standard deviation.
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Table 5. Strategies for expanding the role of advanced practice providers in the nursing workforce

Domain

Item

1. Definition and qualifications for APPs
1-1. Definition of APPs

1-2. Minimum qualification standards (must meet all three
criteria)

2. Scope of practice of APPs
2-1. Legal requlations regarding scope of practice

2-2. Development of job descriptions based on advanced
practice

3. Educational programs for APPs
3-1. Standardization of core theory and practicum curricu-
lum

3-2. Mandatory completion of accredited advanced prac-
tice nursing education or specialty training

4. Credentialing and regulation of APPs
4-1. Establishment of certification system
4-2. Establishment of a re-certification system

5. Support systems for APPs
5-1. Organizational system for human resource manage-
ment

5-2. Compensation for advanced practice roles

1-1-1. Nurses who provide advanced-level medical services beyond direct nursing
care, based on professional knowledge, clinical experience, and advanced compe-
tencies, to address patients' health problems.

1-2-1. At least 5 years of clinical experience in a general hospital or higher-level
medical institution, including a minimum of 3 years of experience in the relevant
specialty.

1-2-2. Registered nurses who have obtained a APN certification or completed a
specialty-specific education program accredited by the Ministry of Health and
Welfare.

1-2-3. Completion of required theoretical education and field practicum before
starting the role (including clinical and nursing department evaluations).

2-1-1. Establishment of legal standards for delegated tasks that APPs are authorized
to perform (e.g., Medical Service Act, Nursing Act, Emergency Medical Services
Act).

2-1-2. Establishment of a reimbursement system based on advanced nursing prac-
tice.

2-1-3. Establishment of institutional regulations related to accreditation (e.g., staff-
ing standards for APPs).

2-2-1. Development of specialized roles for APPs in clinical practice.

2-2-2. Clear definition of roles and responsibilities (e.g., scope of practice, prescrip-
tion authority, etc.).

2-2-3. Documentation of interdisciplinary agreements regarding roles and responsi-
bilities, including confirmation by the relevant physician and approval by the hos-
pital director.

3-1-1. Standardization of educational programs for APPs.

3-1-2. Establishment of an accreditation system for APP education programs.

3-1-3. Core theoretical courses provided by graduate-level institutions or institu-
tions recognized by the Ministry of Health and Welfare, with practicum conducted
at general hospitals or higher-level institutions.

3-2-1. Mandatory completion of role-specific specialty clinical training.

3-2-2. Completion of training in advanced clinical procedures (e.g., endotracheal in-
tubation, central venous catheter insertion and management), conducted by pro-
fessional societies or advanced general hospitals.

4-1-1. Development of a standardized credentialing system.

4-2-1. Regular re-certification based on continuing education in the specialty.

4-2-2. Multidisciplinary continuing education recognized for re-certification (e.g.,
courses offered by professional societies and physician CME programs).

5-1-1. Establishment of a dedicated organizational unit for APPs within the nursing
department (with cooperation from the clinical department for personnel man-
agement).

5-1-2. Formation of a dedicated APP committee (for adjusting scope of practice, re-
solving ethical conflicts, etc.).

5-1-3. Establishment of promotion pathways.

5-2-1. Provision of APP-specific allowances.

5-2-2. Development of a compensation system based on APP career levels.

5-2-3. Development of a compensation system based on APP performance.

APN, advanced practice nurse; APP, advanced practice provider; CME, continuing medical education.
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Figure 1. Expanding the role of advanced practice providers in the nursing workforce. APP, advanced practice provider.
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Effects of presenteeism on turnover
intention in clinical nurses through

the serial mediating roles of missed
nursing care and job satisfaction: a
cross-sectional predictive correlational
study

Hyeonseon Cheon', Seok Hee Jeong? Hyun Kyung Kim?,
Hyoung Eun Chang?
'Department of Nursing, Graduate School, Jeonbuk National University, Jeonju, Korea

“College of Nursing-Research Institute of Nursing Science, Jeonbuk National University, Jeonju,
Korea

Purpose: This study aimed to investigate the two-mediator serial mediation effect of missed nursing
care and job satisfaction on the relationship between presenteeism and turnover intention in clinical
nurses.

Methods: A cross-sectional predictive correlational study was conducted, and the participants were 208
clinical nurses working in advanced general hospitals in South Korea. Data were collected from October
6 to November 7, 2023 using self-reported questionnaires, including general characteristics, presentee-
ism, missed nursing care, job satisfaction, and turnover intention. Data were analyzed using IBM SPSS/
WIN ver. 29.0 and PROCESS macro ver. 4.2.

Results: Missed nursing care and job satisfaction exhibited a double mediating effect on the relationship
between presenteeism and clinical nurses' turnover intention. In addition, missed nursing care showed
a mediating effect on the relationship between presenteeism and clinical nurses’ turnover intention. Job
satisfaction had a mediating effect on the relationship between presenteeism and clinical nurses' turn-
over intention. Presenteeism had a direct effect on missed nursing care, job satisfaction, and turnover
intention. Missed nursing care exerted a direct effect on job satisfaction and turnover intention among
clinical nurses. Job satisfaction had a direct effect on turnover intention.

Conclusion: To reduce nurses' turnover intention, it is essential to develop and implement programs
focused on preventing presenteeism. Additionally, organizational initiatives should prioritize active sup-
port for nurses' health management, alleviating the shortage of nursing staff, augmenting job satisfac-
tion, and improving the overall working environment.

Keywords: Job satisfaction; Nurses; Nursing care; Personnel turnover; Presenteeism
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WA= Pearson’s correlation coefficientsE ©]-85F0] AF&3519
ot 24539 Yz d#A AFEE Cronbach’s a coefficientsS
AbESERl o, ofuff AEFE3R] S OH‘%} %= (not applica-
= g g2
| —"—%k(mlssmg Value)ii At &, *JEIE% AFEsHYich =l
E]&o] o] Qo] H|A= JFollA FHE 11T, AFES] olF
WAEIE A55H7] Yo Hayes [35]7F 7'#gt SPSS PROCESS
macro ver. 4.29] model 62 A&} 0w, uf7Ha 7HH a9
SAH o8 4782 FELEH P bootstrapping) 8-S 283}
o] AZsl9loH, FEAEHO| re-sampling 314 50,0003 2 A
%J5}aL, bias-corrected 95% 41Z|7-7Hconfidence interval [CI])}&
Fsto] HAsket

e o

AR 2085 ) Bt AFL
46.2%2 7} ‘a%&’kt} o4g2 92. %%ﬂ\i,

3.9443, Olhd_i \%EHE} A TR RIS AKB4.6%) A
onj, WTRE 94.7%2 7PF Wokth 2REREAE
332%% 7P% w2 vled BIAal, & 2 ot 27 B
6.00+2.5190]9lth. &P EE= HFEo] 99.0%0|%1, &
5,0009F ovg 7,0009t & u]u}o] 56.3%2 7P Wkt 2ty
B 532 1530 76.9%A 1, AFEHEY 24 A9 ‘= A Y
o] 47.1%= 7}% e _gg.ge Hct. dur E*éOﬂ o=

o] #po| A543, 4
p=.022), % 7t3A} %a(F 3.32, p= 038) o o om o¢
(F=3.06, p=.029)c] w2t SA 2 02 {3t Zo]7} Tt 5 vl
o] 7|&H} oA w7t FofsHA EHAL, AEAT A, AESAt
7t gkl HAREY o, F TEEAL BEo] 14 o 59 w]wt
Rl 3771 109 oldRl B-F-Hot o H o] =7} Rl &%
oh AR oA g ot 2R oIt Aol QIH(Ta-
ble 1).
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Table 1. Differences in turnover intention according to nurses’ general characteristics (N=208)

Turnover intention

- .
Characteristic n (%) or M+SD VD o F P Post-hoc”
Age (yr) 31.245.48 2.02” 140
24-29 93 (44.7) 2.93+£0.96
30-39 96 (46.2) 2.92+0.95
240 19 (9.1) 2.68+0.42
Gender -1.09 .285
Men 16 (7.7) 3.05+0.52
Women 192 (92.3) 2.89+0.94
Marital status 2.32 .022
Single 133 (63.9) 3.00£0.97
Married 75 (36.1) 2.72+0.79
Religion 3.58 J21
No 147 (70.7) 2.92+0.94
Yes 61 (29.3) 2.87+0.85
Education level 3.29 .022
Associate's degree’ 7 (3.4) 3.34+1.25 1>4
College’ 163 (78.4) 2.96+0.90
University® 20 (9.6) 2.82+0.85
>Master's degree* 18 (8.6) 2.32+0.79
Total clinical career (yr) 7.17£4.80 3.32 .038
1-<5' 73 (35.1) 3.04£0.90 1>3
5-<10° 92 (44.2) 2.94+0.95
>10° 43 (20.7) 2.60+0.80
Clinical career at current hospital (yr) 6.28+4.59 -2.09 .103
<3 56 (26.9) 3.05+0.85
3-<5 36 (17.3) 3.01+£1.00
5-<10 81 (38.9) 2.89+0.94
210 35(16.9) 2.58+0.81
Clinical career at the current work (yr) 3.94+3.01 0.16 926
<1 27 (13.0) 2.97+0.77
1-<3 69 (33.2) 2.84+0.93
3-<5 44 (21.1) 2.92+0.86
25 68 (32.7) 2.92+1.01
Position 1.56 120
Staff nurse 176 (84.6) 2.94+0.91
Charge nurse 32(15.4) 2.67+0.95
Shift pattern -1.46 .146
Non-shift 11 (5.3) 2.51+0.63
Shift 197 (94.7) 2.92+0.93
Work department 0.75 .562
Medical ward 60 (28.8) 2.98+0.91
Surgical ward 47 (22.6) 2.84+0.80
Comprehensive nursing care ward 25(12.0) 2.64+0.99
Intensive care unit 69 (33.2) 2.96+0.95
Others 7 (3.4) 3.00+£1.18
Night shift (day/mo) 6.00+2.51 3.06 .029
0 9 (4.3) 2.51+0.78
1-4 29 (13.9) 2.59+0.71
5-6 11 (53.4) 2.89+0.92
27 59 (28.4) 3.14£0.97
Employment type -0.62 .538
Full time 206 (99.0) 2.90+0.92
Contract 2 (1.0 3.30£0.14
Income (10,000 won) 5,492.13+1,254.23 1.48 231
2,400-<5,000 59 (28.4) 3.04+0.83
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Table 1. Continued

Turnover intention

P 0 . a)
Characteristic n (%) or M+SD MESD torF P Post-hoc

5,000-<7,000 117 (56.3) 2.89+0.95

>7,000 32 (15.3) 2.70+0.94
Nursing management level 0.19 .852

1st 160 (76.9) 2.91+0.92

2nd 48 (23.1) 2.88+0.91
Hospital location 0.19 .823

Seoul 59 (28.4) 2.86+0.95

Metropolitan city 51 (24.5) 2.97+0.91

City 98 (47.1) 2.89+0.91
M, mean; SD, standard deviation.
“By Scheffé test. ®By Welch test.
2. CHAIKIC| DA|ME|S, L3245 7t5, MIBOKE O[ZIQEo| ME  wW4o] Ar|Akus} Sgus 7 05 2A4e 4559 S4u%

9] 71432 Durbin-Watson X5 AH&ESH 23} 2.07 (du=

ZHAEZY] sHHFGE T, A 1I7hL7 Aol Q= AR 1.86<d <4-du=2.13)& 20| 7}71-9-1 du(’derah)e} 4-du(sHetat)
Al 4=0] B 3.63+2.670191 01, FEEAL 1007 THHo| W Atolof] EAsto], &ML A7 glo] EEAo|glong 2
39.63+13.977, A 2= AL 1007 vHdo] B 72.90+17.95 Am7h SAEAE AAsH o AAGE kR o] ERIE I S
ojet. FeHe 7459l fof wE ¥kl Wt Hfg gl o A 2= 7t TR AL Bl AK(variance inflation factor [VIF])

A% FE2 AYstal BAsHlow, T Ad 43 o] B+ o} FHtolerance)& EHR1%F A}, VIF:= 1.16-2.618 H5F 10K TH
1.31£0.340] 9107, BAHELE) 7H5o] tist BAH A4 Agow, FAH: 38862 L 0,185+ 27 Lheh} tEgAA
(191£0.83)014 28 7457} 714 WOHT, AAR B2 4 gl 2 gl 20 Ueh} B AEs} SIARAS ANl 4t 1}
FAE A8 A AZ711L02£0.76)004 £ 157t AV A9l =elo] BRIESITH36] ZelHElZ ) ol oo PG kel
o}, ke 715.9] A1 47 vhde] Bt 2.62+0.627 0 = LR roel ARuE] i avks A Ao 9t £ F 55
oun 519 8Ql0] FA|H HF Al QA Y 3.19+0.62, A4 =l oA Yo RO3t Afo|E Bl T 1HEAF A, T 7 ot
5 2.42+0.70, B2 A9 2.26+£0.897 02 YERGTE ZEA=0] TR, 28, HEeES JAHSeRE SA F ASA 1
P2 57 who) 2.84+0.817, o] ox P2 574 wHHo AR SRS ZeAlEEo] w7zl FEE 7HEo] ol
2.90+0.927 0] 1tH(Table 2). IS F= AX—~MI, B=0.23, p<.001)2.& Leton IT]AlE]

Fol gold4E etel 1@7} o R0z Uehge). 280
3. ARt DAME|S, L2l 2t5, MIRDHE, OJZlo)E Zt0] At ZejdlElEa e 1hovt ARase] nAs 4 24T
A 23}, AReE] B ZelAE S AHAIE oI AK—-M2
‘j

Aol melAEEe ete 7h5(r= 41, p<.001), o]FolE
(r=41, p<.001)9F EAH .2 o3 o] A ehgo.
4R 16, pe 001 BAHOR FOITH 2O AT
ekt e e ARE(r=-.33, p<.00)3} EAH0E
O3 29 ATTAE HAT, 0|H 9 (r=33, p<.00)2He 57
#02 §oIg ool JTEA ekt A ReEL o] 4ol (r=-
42, p<. 0019k BAROR ot &0) ATTAE epdrh(Table
3).

4. idxte| T2\ HE|F0| 0%|2|=0) O|X|=
USot 2R EF0| 7 Z 1}

EU e

2 e EdE A4 A, gAY 7Y 5%

590

7, p<001)0.2 Uetom, tretel 7w ARk §e)
ot JFS F= 7,4\(M1—>M2 B=-0.37, p=.025)2.2 YE}yct 30
= gH 75, AFHEo] o]F ko] =
FIFS B3 At 013!«1501] gt ZejAE &Y AYate &
93t AX—Y, B=0.32, p=.007)2.2 YepFIL, Fe 715 (M1-Y,
B=0.36, p=.047), AERH=(M2—Y, B=-0.30, p=<.001)0] 0|2 2]
Lof et A1 A= Folgt A 0 & UEhdth(Table 4).

BAre] mEjFlEEo] o] 290l B JFFolA rehE 1t
oF A FRkEo] A Ne] $AA F48E A5 Htl REAE
23 (bootstrapping) - 50,0007]& F&35t%] 95% CIofA £435}
9t} Indirect 12> ZEAE] S} 0] 9] FHAof| A 2t 7HS
o A= FAHCE K3 2o ® YEHTHB=0.08; 95%
CI, 0.01-0.17). Indirect 2= T A E]ZT} 0] 2] Q| = o}0] A o] A]
qruisol HEtE FA4CR So8 Ao Yehr
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Table 2. Levels of nurses’ presenteeism, missed nursing care, job satisfaction, and turnover intention (N=208)

Variable M+SD Min Max Range
Presenteeism
Health problem 3.63+2.67 0.00 13.00 0-19
Work impairment 39.63+£13.97 0.00 87.50 0-100
Perceived productivity 72.90+£17.95 4.00 100 0-100
Missed nursing care
Part A (missed nursing care) 1.31£0.34 0.33 2.42 0-4
Ambulation 3 times per day or as ordered 1.23+£1.03 0.00 4.00 0-4
Turning patient every 2 hours 1.50+0.87 0.00 4.00 0-4
Feeding patient when the food is still warm 1.06+0.73 0.00 3.00 0-4
Setting up meals for patients who feed themselves 1.02+0.76 0.00 4.00 0-4
Medications administered within 30 minutes of the scheduled time 1.34+0.63 0.00 3.00 0-4
Vital signs assessed as ordered 1.23+0.53 0.00 4.00 0-4
Monitoring intake/output 1.17£0.49 0.00 4.00 0-4
Full documentation of all necessary data 1.52+0.59 0.00 4.00 0-4
Patient teaching about procedures, tests, and other diagnostic studies 1.33+0.65 0.00 3.00 0-4
Emotional support to patient and/or family 1.91+0.83 0.00 4.00 0-4
Patient bathing/skin care 1.38+0.90 0.00 4.00 0-4
Mouth care 1.38+0.98 0.00 4.00 0-4
Hand washing 1.41+0.67 0.00 4.00 0-4
Patient discharge planning and teaching 1.11£0.45 0.00 4.00 0-4
Bedside glucose monitoring as ordered 1.11+0.42 0.00 4.00 0-4
Patient assessments performed each shift 1.16+0.45 0.00 3.00 0-4
Focused reassessments according to patient condition 1.30£0.59 0.00 4.00 0-4
IV/central line site care and assessments according to hospital policy 1.24+0.50 0.00 3.00 0-4
Response to call light is initiated within 5 minutes 1.07+0.64 0.00 4.00 0-4
PRN medication requests acted on within 15 minutes 1.28+0.61 0.00 4.00 0-4
Assess effectiveness of medications 1.44+0.65 0.00 4.00 0-4
Attend interdisciplinary care conference whenever held 1.73+1.23 0.00 4.00 0-4
Assist with toileting needs within 5 minutes of request 1.34+0.83 0.00 4.00 0-4
Skin/wound care 1.26+0.60 0.00 3.00 0-4
Part B (reason for missed nursing care) 2.62+0.62 1.06 4.00 1-4
Job satisfaction 2.84+0.81 1.00 5.00 1-5
Turnover intention 2.90+0.92 1.00 5.00 1-5

1V, intravenous; M, mean; Max, maximum; Min, minimum; PRN, as needed; SD, standard deviation.

Table 3. Correlation among nurses’ presenteeism, missed nursing care, job satisfaction, and turnover intention (N=208)

Presenteeism

Missed nursing care Job satisfaction

Variabl
ariable P r (p) r(p)
Missed nursing care 41 (<.001)
Job satisfaction -.46 (<.001) -.33 (<.001)
Turnover intention 41 (<.001) .33 (<.001) -.42 (<.001)
(B=0.17; 95% CI, 0.07-0.28). Indirect 3-& Ze]AE] &3} o] 2o oo} ARutEo] AR TE HEULEH ISR o] Ao 4
9] FANA Fhe 7tE9} RN o|Fui7j ek BAHC R o 7104 = Q= 7124 A=mE AToH] Yl AlZ=E ) o]
Frolgt Ao ERGTHB=0.03; 95% CI, 0.00-0.06) (Table 4, Fig- 2 A9 F8 AIE v o R o5t} Sith
ure 1), £ Aol Fofst At Hot AFEA = 3.6370= Ve
o, o= FUTN FHETE ARG | THSAF TS Aol
Nk, W AZEA 4291 3.1470(37), 3.627H[28]2F FAReH A3k Rk
ol 75A S| B om 37 o) ALEAS 71 Aeheld
£ A= EAke] mejAlEE o] 2] IAOA =t 7F TESkL S-S YEhdt) olE gk AEAE 7111 AdEiellA 9]
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Table 4. Path coefficients and serial mediating effects (N=208)
Variable B SE B t P 950 Cl F (p) R?
Direct effect
Step 1: P— MNC 0.23 .04 39 5.89 <.001 0.16 to 0.31 6.64 (<.001) .19
Step 2: P—JS -0.57 .10 -.39 -5.71 <.001 -0.76 to -0.37 8.30 (<.001) .25
Step 2: MNC — JS -0.37 .16 -.15 -2.25 .025 -0.69 to -0.05
Step 3: P—TI 0.32 12 .20 2.73 .007 0.09 to 0.55 9.17 (<.001) .29
Step 3: MNC —TI 0.36 .18 A3 2.00 .047 0.00 to 0.72
Step 3: JS—TI -0.30 .08 -.27 -3.87 <.001 -0.45 to -0.15
Indirect effect
Total indirect effect 0.28 0.06” 0.16 to 0.41
Indirect effect 1: P — MNC — Tl 0.08 0.04” 0.01t00.17
Indirect effect 2: P — JS — Tl 0.17 0.05” 0.07 t0 0.28
Indirect effect 3: P— MNC — JS —TI 0.03 0.01” 0.00 to 0.06
Total effect
P—TI 0.60 .10 37 5.71 <.001 0.39 to 0.81 7.88 (<.001) 21

B, unstandardized estimate; B, standardized estimate; CI, confidence interval; JS, job satisfaction; MNC, missed nursing care; P, presenteeism; SE,

standard error; TI, turnover intention.
¥Boot SE.

B=-0.37 (p=.025)

Missed nursing care

©=0.32 (p=.007)

Job satisfaction

Covariates: marital
status, education
level, total clinical
career, night shift

—— Significant effect (p<.05)

¢=0.60 (p<.001)

Turnover intention

Figure 1. Mediating effects of missed nursing care and job satisfaction in the association between presenteeism and turnover intention of clinical

nurses. ¢, total effect; ¢, direct effect.
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Development of an end-of-life care
competency scale for nurses in long-
term care hospitals: a psychometric
validation study

Sookyeon Son', Mi-Kyeong Jeon?

'Department of Nursing, Kaya University, Gimhae, Korea
*Department of Nursing, Changwon National University, Changwon, Korea

Purpose: This study aimed to develop a scale to measure end-of-life care (EOLC) competency among
nurses working in long-term care hospitals and to evaluate its validity and reliability.

Methods: Preliminary items were developed based on attributes and indicators identified through a
conceptual analysis of EOLC competency. The initial version of the scale was refined through expert
content validity assessment, item revision, and a pilot test. The main survey was conducted among 460
nurses in long-term care hospitals, and 409 valid responses were analyzed after excluding 51 incomplete
orinvalid cases. Data were analyzed using software-assisted item analysis, exploratory and confirmatory
factor analyses, and assessments of convergent, discriminant, and criterion-related validity, as well as
reliability testing.

Results: The initial 55 items were reduced to a final set of 30 items across seven dimensions. Model fit
indices indicated good construct validity (;?/degrees of freedom=1.91, standardized root mean square
residual=.06, root mean square error of approximation=.07, Tucker-Lewis index=.90, comparative fit
index=.91), with a total explained variance of 70.2%. The scale demonstrated strong criterion-related
validity (r=.76, p<.001), high internal consistency (Cronbach’s a=.95; McDonald's w=.95), acceptable
test-retest reliability (r=.56, p<.001), and an intraclass correlation coefficient of .72 (95% confidence
interval, .51-.84; p<.001).

Conclusion: The developed scale is a valid and reliable instrument for assessing EOLC competency
among nurses in long-term care hospitals. It can be effectively utilized for educational assessment,
training evaluation, and the measurement of program effectiveness in end-of-life care.

Keywords: Clinical competence; Long-term care; Nurses; Terminal care
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Table 1. General characteristics of participants (N=409)

Characteristic Total (»=409)  EFA (n=204)  CFA (n=205)  x’ort p
Gender 0.00 992
Men 18 (4.4) 9 (4.4) 9 (4.4)
Women 391 (95.6) 195 (95.6) 196 (95.6)
Age (yr) 3.64 .303
<29 28 (6.8) 12 (5.9) 16 (7.8)
30-39 104 (25.4) 53 (26.0) 51 (24.9)
40-49 143 (35.0) 79 (38.7) 64 (31.2)
250 134 (32.8) 60 (29.4) 74 (36.1)
Mean+SD 44.0+9.48 43.4+8.84 44.6+£10.06 -1.33 .185
Marital status 0.45 .501
Unmarried 96 (23.5) 45 (22.1) 51 (24.9)
Married 313 (76.5) 159 (77.9) 154 (75.1)
Religion 0.88 .348
Yes 222 (54.3) 106 (52.0) 116 (56.6)
No 187 (45.7) 98 (48.0) 89 (43.4)
Education level 1.04 .595
Diploma 221 (54.0) 112 (54.9) 109 (53.2)
Bachelor's 172 (42.1) 86 (42.2) 86 (41.9)
>Master's 16 (3.9) 6(2.9) 10 (4.9)
Total nursing career (yr) 2.75 431
<10 128 (31.3) 61 (29.9) 67 (32.7)
10-15 98 (24.0) 56 (27.5) 42 (20.5)
15-20 77 (18.8) 36 (17.6) 41 (20.0)
220 106 (25.9) 51 (25.0) 55 (26.8)
Mean+SD 14.08+8.14 13.96+7.35 14.20+8.87 -0.30 .762
Total nursing career at long-term care hospital (yr) 0.88 .831
<5 142 (34.7) 71 (34.8) 71 (34.6)
5-10 141 (34.5) 74 (36.3) 67 (32.7)
10-15 99 (24.2) 46 (22.5) 53 (25.9)
>15 27 (6.6) 13 (6.4) 14 (6.8)
Mean+SD 7.15+4.43 7.00+4.45 7.2914.42 -0.65 517
Position 2.99 224
Staff nurse 298 (72.8) 156 (76.5) 142 (69.3)
Charge nurse 26 (6.4) 10 (4.9) 168 (7.8)
>Head nurse 85 (20.8) 38 (18.6) 47 (22.9)
EOLC experience 2.13 .145
Yes 338 (82.6) 163 (79.9) 175 (85.4)
No 71 (17.4) 41 (20.1) 30 (14.6)
Terminal care or hospice palliative care educational experience 0.29 .588
Yes 234 (57.2) 114 (55.9) 120 (58.5)
No 175 (42.8) 90 (44.1) 85 (41.5)
EOLC educational needs 1.28 .865
Disagree 14 (3.4) 6 (3.0) 8(3.9)
Agree 395 (96.6) 198 (97.0) 197 (96.1)
Intention to participate EOLC educational 2.38 .666
Disagree 16 (3.9) 10 (4.9) 6 (2.9)
Agree 393 (96.1) 194 (95.1) 199 (97.1)
Experience of family death 1.08 .300
Yes 211 (51.6) 100 (49.0) 11 (54.1)
No 198 (48.4) 104 (51.0) 94 (45.9)
Values are presented as number (%) or mean+SD unless otherwise stated.
CFA, confirmatory factor analysis; EFA, exploratory factor analysis; EOLC, end-of-life care; SD, standard deviation.
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Table 2. Final exploratory factor analysis (N=204)
Factor/items q . 5 Factorloadmg = E > Communality
Factor 1. End-of life care plan
11. 1 am able to establish EOLC goals for patients at the EOL stage. .90 .82
10. | am able to evaluate established nursing goals for patients at .83 71
the EOL stage.
12. 1 am able to develop nursing plans based on advance care plan- .80 71
ning.
13. 1 am able to evaluate whether nursing plans based on advance .75 .64
care planning achieve desired outcomes.
Factor 2. Professional development
53. 1 am able to participate in hospice and palliative care education .81 .67
or seminars to gain knowledge related to EOLC.
54. 1 am able to apply standard guidelines to manage pain and .80 .70
physical symptoms in patients at the EOL stage.
55. 1 am able to integrate a variety of knowledge types, including .78 71
hospice and palliative care, when providing EOLC.
52. 1 am able to participate in continuing education and research 77 .60
related to EOLC.
Factor 3. Information provision and education
46. 1 am able to explain the withholding and withdrawal of .86 77
life-sustaining treatment to patients at the EOL stage and their
families.
47.1am able to provide information about the patient's condition .80 .70
and appropriate nursing care to patients at the EOL stage and
their families.
45. 1 am able to explain advance directives and life-sustaining 77 .61
treatment plans to patients at the EOL stage, their families, and
other members of the relevant healthcare team.
48. 1 am able to explain changes in the conditions of patients at .70 .61

the EOL stage to their families.
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Table 2. Continued

Factor loading
1 2 3 4 5 6 7
23. 1 am able to discuss the withholding and withdrawal of .63 46
life-sustaining treatments with patients at the EOL stage or their
families, when the patient's clinical condition worsens.
49. | am able to educate family members (i.e., caregivers) in ad- .62 .50
vance regarding the symptoms that may occur during the EOL
process.
Factor 4. Person-centered care and communication
15. 1 am able to communicate in a way that allows patients at the -.89 .80
EOL stage and their families to express their emotions.
17. 1 am able to communicate with patients at the EOL stage in -.70 .60
ways that consider their ages, values, religions, and cultural
backgrounds.
16. 1 am able to talk to patients at the EOL stage, or their families, -.69 .50
about death and the dying process.
30. | am able to identify the cultural needs (e.g., beliefs and rituals) -.67 .61
of patients at the EOL stage and their families, and provide care
accordingly.
29. 1 am able to provide encouragement and support for patients at -.65 .50
the EOL stage to empower them to carry out their daily activities
as independently as possible.
27.1 am able to provide emotional, psychological, and spiritual -.62 .54
care to promote comfort for patients at the EOL stage.
Factor 5. Collaboration between team members

Factor/items Communality

19. I am able to communicate clearly and collaboratively with team -.89 .80
members to provide effective EOLC.
18. 1 am able to communicate and interact continuously with team -.78 .65

members to address the needs and challenges of patients at the
EOL stage and their families.
20. | am able to document and share the challenges and needs of -.78 .65
patients at the EOL stage and their families with team members.
Factor 6. Resource management

38. 1 am able to utilize and coordinate human and material re- -.82 .73
sources to provide EOLC.
37.1am able to carry out efficient task sharing with other team -.69 .60

members during the EOLC process.
Factor 7. Comprehensive symptom management

1.1 am able to continuously assess and evaluate pain and physical .73 .55
symptoms in patients at the EOL stage.

2. | am able to comprehensively assess the psychological, emotion- .69 .52
al, social, and spiritual needs of patients at the EOL stage.

3.1 am able to perform pharmacological interventions to manage .62 A1
pain and physical symptoms in patients at the EOL stage.

5.1 am able to identify and respond to physical and psychological .61 A1

changes during the dying process and imminent death in ways
that maintain sensitivity.

4.1 am able to perform non-pharmacological interventions to man- .53 A1
age pain and physical symptoms in patients at the EOL stage.
Eigenvalue 11.81 223 190 169 129 114 101
Explained variance (%) 3937 745 632 562 430 380 3.36
Cumulative explained variance (%) 39.37 46.82 53.13 58.748 63.04 66.84 70.21
Kaiser-Meyer-0lkin .90
Bartlett's test of sphericity X2=3,901 .95, df=435, p<.001

df, degrees of freedom; EOL, end-of-life; EOLC, end-of-life care.
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270& 71202 HESIYTH37]. ARFFNL 59-9302 1
% 50 o]Ato] 9, Qo18aleke] C.R.L 7.79-19.330.2 1.96 o4
(p<.001)0]22 EAZH 0= Q0oJ519rt AVE 2 .61-.86, CR=
.88-.95% 7|&& F5olo] $+HEd Tt R EHrK(Table 4). ES
EOLC-ICU =9to] AtA S 245t A3}, 4 1 A=
76 (p<.001) 0.2 A Yeht =7t e L AR F 9 TH(Ta-
ble 5).

(6) TEEE=

WEEEEE 89 2F 7ige] AR ZE A=A FAsH] s
7 71 710l w2t AESFRTH39L. AA, 2 2219] AVE gH(61-
8612 Rl 7 AAS ATIHE=21- 590} £ theht vy
o] 712G SR F A7k F4 BB} AL E(Factor
43} F 7 g (Factor 5) 8R19] FAAT AlF g2 599 0H,
T 8219 AVE g2 7t 613t 860 & H =7 YETh &4, A4
A2 x LA} Fho] 15 EJHsHA] ghot, 221 7F 7igol A= 3
o] -2 o] FRIE ArHSupplementary Table 2, 3).

3) M= HH

W2 94 #1A 23 A =72 Cronbach’s a=.95, McDon-
ald’'s w=.952 =A Yetgem, 22" Cronbach’s a=.79-.919]
HOE Ho] ZZAo] dHE9tt E3] 28go 7 FLAE A680l
9] 79 Cronbach’s a=.79%]3!, Spearman-Brown #|5=& 798 At
E50] 8§ 7hs? AF =T ERIE . B AA-AEAF A =
4 A3}, Pearson ATAS r=.56 (p<.001), ICC=.72 (95% CI,
0.51-0.84; p<.00)Z, IuFH o2 70 oS o3t F0 7 715
St HA-AHAL Al 7 2HE E| Qi ek(Table 5).

4) 315 ST 70| 201 oy o sy
gholsl 7] 89S 7 2 Qle] 3 Eao) ojnlel A4S uo)
So] T ST (GEY), ol ASAYURD), A2 B4 5

Table 3. Fit indices of the confirmatory factor model (N=205)

Table 4. Confirmatory factor analysis (N=205)

Factor/item B SE B CR. (p) AVE CR
Factor 1 .83 .95
1 1 .93 -
10 093 0.05 .88 19.33(<.001)
12 0.84 0.05 .81 16.08 (<.001)
13 085 0.06 .77 14.72(<.001)
Factor 2 .66 .88
53 1 .62 -
54 129 0.14 .84 9.14(<.001)
55 1.23 0.13 .86 9.26 (<.001)
52 095 0.10 .59 10.56 (<.001)
Factor 3 73 94
46 1 .82 -
47 0.83 0.07 .80 12.88(<.001)
45 095 0.08 .78 12.67 (<.001)
48 0.72 0.06 .73 11.53 (<.001)
23 0.65 0.08 .57 8.44(<.001)
49 0.88 0.07 .82 13.38(<.001)
Factor 4 .61 .90
15 1 .66
17 1.18 0.13 .73  9.03 (<OO1]
16 1.00 0.13 .62 7.79 (<.001)
30 1.05 0.13 .67 8.36(<.001)
29 098 0.12 .63  7.90 (<.001)
27 1.15 0.13 .72 8.89 (<.001)
Factor 5 .86 .95
19 1 91 -
18 096 0.06 .84 16.20 (<.001)
20 0.88 0.06 .84 16.15 (<.001)
Factor 6 79 .89
38 1 .82 -
37 0.80 0.07 .78 10.68 (<.001)
Factor 7 .63 .90
1 1 74
2 093 011 .62 81 (< 001)
3 091 0.12 .61 7.93 (<.001)
5 0.89 0.11 .62 8.04 (<.001)
4 1 011 .70 9.00 (<.001)

AVE, average variance extracted; CR, construct reliability; C.R., critical
ratio; SE, standard error.

Model XZ () Xz/df RMSEA (95% Cl) CFI TLI
Reference >.05 <3 <.08 >.90 >.90
Hypothetical 793.73 (<.001) 2.07 .07 (0.07-0.08) .89 .88
Modified 730.01 (<.001) 1.91 .07 (0.06-0.07) 91 .90

CFI, comparative fit index; CI, confidence interval; df, degrees of freedom; RMSEA, root mean square error of approximation; SRMR, standardized

root mean square residual; TLI, Tucker-Lewis index.
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Table 5. Convergent validity and internal consistency reliability (N=409)

. Factor
Variable Category g 2 5 - = 5 ; Total (p)
Convergent validity Self-perceived EOLC .55 .61 .61 .64 .56 .55 .56 76 (<.001)
competencies (<.001) (<.001) (<.001) (<.001) (<.001) (<.001) (<.001)

Internal consistency reliability Cronbach's a 91 .86 .88 .85 .88 .79 .79 .95
McDonald's w .90 .85 .89 .85 .88 - .79 .95
Spearman-Brown - - - - - .79 - -

Test-retest PCC - - - - - - - .56 (<.001)
ICC (95% Cl, p) - - - - - - - 72 (0.51-0.84; <.001)

Convergent validity was evaluated using Pearson’s correlation coefficients (r) and corresponding p-values.
CI, confidence interval; EOLC, end-of-life care; ICC, intraclass correlation coefficient; PCC, Pearson correlation coefficient.
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Appendix 1. End-of-life care competency scale for nurses in long-term care hospitals
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Purpose: Security neglect is common among vulnerable children. The Child Neglect Scale (CNS) is widely
used to screen children for neglect. However, little is known about the accuracy of the Security Neglect
Subscale when administered in isolation. This study aimed to examine the reliability and validity of the
Security Neglect Subscale of the CNS among vulnerable children in China.

Methods: Cluster sampling was used, and 242 vulnerable children participated in the study. Data were
analyzed using IBM SPSS ver. 28.0 and Amos ver. 28.0, and the test construct validity of the CNS Secu-
rity Neglect Subscale was analyzed through confirmatory factor analysis. In addition, convergent and
discriminant validity, as well as reliability, were evaluated.

Results: The construct validity of the nine-item CNS Security Neglect Subscale was confirmed by a
two-factor structure. The modified model fit the data well, as shown by a normed chi-square of 2.48, a
comparative fit index of .97, a Tucker-Lewis index of .96, and a root mean square error of approximation
of .08. The model had acceptable convergent and discriminant validity for each structure. The Cronbach's

a coefficient was .87 overall, and values for the two factors ranged from .78 to .93.

Conclusion: The findings of this study support the satisfactory psychometric properties of the CNS
Security Neglect Subscale, indicating its utility in evaluating security neglect in vulnerable children in
China.

Keywords: Child abuse; Reproducibility of results; Validation study

Introduction

Neglect is frequently characterized as the failure to meet essential needs [1]. Childhood ne-
glect is prevalent in all societies as an adverse childhood experience. Previously, the concept of
child neglect has lacked a uniform operational definition. The definition of neglect may be re-
lated to the type of neglect, severity, duration, or even to the age of the child [2]. In recent years,
several researchers have suggested that defining the concept of child neglect should be informed
by child development theory. Child development theory suggests that children have specific de-
velopmental needs at different stages of growth, and that if these needs are not met, they will be
hindered from adapting smoothly across developmental stages. Therefore, in this study, neglect

is considered to be when a childs fundamental physical or psychological needs are not met, re-

© 2025 Korean Society of Nursing Science sulting in a risk of harm or less-than-optimal development [3]. Child neglect exerts profound

This is an Open Access article distributed and enduring adverse effects on minors’ developmental outcomes [4]. In previous research, ne-
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glect and abuse often appeared together, or neglect was used as a category of abuse [5]. Today,
however, many researchers believe neglect should be distinguished from abuse and should be
given adequate attention [6]. The consequences of neglect are more insidious than those of
abuse and are a more pervasive form of victimization [7]. Childhood neglect exposure elevates

lifelong vulnerability to multisystemic impairments spanning physical health, psychological
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functioning, and social adaptation [8].

Safety is a crucial aspect of children’s needs [9]. Children are
more vulnerable to environmental risks than adults. Creating a
safe physical environment is crucial for children. It affects their
development over time and protects them from the immediate
risk of accidental injury. Accidental injury is the leading cause of
disability and death in children. Most of these deaths are prevent-
able [3]. Children may be unable to recognize risks or make in-
formed choices to protect their health, unlike adults [10]. The
World Health Organization states that environmental hazards can
exist wherever children live, play and learn [11]. Moreover, vul-
nerable children exposed to multiple suboptimal physical and so-
cial environments may face more significant safety threats [12].
The United Nations Convention on the Rights of the Child states
that children must have the opportunity to grow and develop in
the healthiest and safest environment possible (Article 6) and that
children should be adequately protected by their guardians. Chil-
dren exposed to the best possible physical and social environment
from an early age have a better chance of growing up healthy and
happy. Adverse early childhood experiences are significantly asso-
ciated with poor health outcomes, lower educational achievement,
economic dependence, heightened risks of violence and criminal
behavior, as well as substance abuse and depression [13]. More-
over, these can increase the burden and costs to society, including
the health system [13]. Because of the implications of security ne-
glect for areas such as child health and public health, nurses must
conceptualize and measure security neglect when counselling
children, especially vulnerable children.

While high-quality, evidence-based assessments are fundamen-
tal to good practice and crucial for measuring security neglect,
few validated tools currently exist specifically for this purpose
[14]. A global systematic review conducted by the UK’s National
Institute for Health and Care Excellence (NICE) of guidance on
child abuse and neglect found no high-quality evidence to
demonstrate the predictive validity of existing assessment tools for
identifying neglect [15]. A study found that only the Child Neglect
Index (CNI) and a modified version of the Maltreatment Classifi-
cation System (MMCS) met the inclusion criteria after a systemat-
ic search for child neglect measurement tools [9]. The CNI was
found to be short and easy to use, but did not cover all situations.
The MMCS was also noted to have flaws, and some researchers
felt that it was time-consuming and difficult to administer practi-
cally, and not worth testing [9].

Chinese scholars have created several tools to assess child ne-
glect. The Childhood Trauma Questionnaire (CTQ), developed
by Bernstein and Fink [16] in 1998, is one of the most recognized
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instruments in the world for measuring childhood maltreatment.
In 2004, Chinese scholars revised the Chinese version of the CTQ
to measure child abuse and neglect in China, including emotional
neglect and physical neglect [17]. Although the Chinese version of
the CTQ showed good reliability and validity [18], it only has 10
items to assess neglect, which may not be able to describe the
complete picture of child security neglect. Yang [6] developed the
Chinese Cultural Context-Based Child Neglect Scale (CNS),
which consists of four subscales: security neglect, physical neglect,
communication neglect, and emotional neglect. Security neglect
has been defined as ignoring safety hazards in a child’s develop-
ment and living environment. The CNS has been used to evaluate
child neglect in several Chinese studies and has good reliability
and validity [19]. The CNS has a total of 38 items and is used to
assess neglect experienced by children. The full version of the
CNS is time-consuming to examine. The Security Neglect sub-
scale can help caregivers and researchers closely monitor and
quickly track child security neglect. Researchers have also found a
two-factor structure or dimensionality characteristic of the CNS
Security Neglect Subscale [6]. However, the psychometric proper-
ties of the CNS have not been validated for use in a group of vul-
nerable children. Some items in the original scale must be revised
to accommodate vulnerable children. In addition, the reliability
and validity of the Secure Neglect Subscale when administered
alone have not been examined.

Therefore, this study aimed to test the validity and reliability of
the CNS Security Neglect Subscale among vulnerable children.
The results will provide evidence for future research to measure
and understand the status and future development of child securi-

ty neglect among vulnerable children.

Methods
1. Study design

This study examined the validity and reliability of the Child Se-
curity Neglect Subscale in the psychometric measurement to de-

termine whether the scale can be used in research with vulnerable
children.

2. Setting and sample
The data of this study were collected from July to October 2024.
There are five cooperating counties in Shandong Province, China,

for the Vulnerable Child Assessment Programme from which we

randomly chose, by cluster sampling, a particular county. This
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study surveyed all vulnerable children registered with the govern-
ment in this county. We collected survey responses that included
253 vulnerable children.

Inclusion criteria for all participants were (1) age 5-18 years; (2)
normal cognitive development and ability to understand Chinese;
and (3) consent to participate in the study. Following screening,
11 ineligible participants were excluded (six did not complete the
survey, and five had intellectual disabilities that prevented them
from answering the questionnaire). The group that withdrew
from the study was not significantly different from the current
study sample in terms of age and gender. Ultimately, data from a
total of 242 participants were included in the statistical analyses.
Evidence from cognitive science indicates that children can fulfil
the requirements for answering questionnaires [20]. At the age of
5, children are already able to describe internal mental states, in-
cluding perceptual, emotional, cognitive, and physiological states
[21]. This critical stage is the ideal time for early intervention ser-
vices to prevent subsequent developmental problems. Therefore,
the criteria for sample inclusion in this study were set at 5-18
years of age. If any participant was too young to fully understand
the questions, the interviewers would proactively interpret the
questions for them. According to the recommendations by Costel-
lo and Osborne [22] for determining sample size for confirmatory
factor analysis, the item ratio of a 20:1 sample has higher accuracy,

and our sample size met this criterion.
3. Instruments

The CNS is a retrospective self-report scale to evaluate neglect
of children. It includes emotional neglect, security neglect, physi-
cal neglect, and communication neglect. Security neglect is de-
fined as the neglect of safety hazards in the environment in which
a child is growing up and living, thereby placing the child at risk
of health and life hazards. It is scored on a 4-point Likert scale
(from ‘1=none to ‘4=always’), with higher scores indicating more
severe neglect. In the original study, the scale had an overall Cron-
bach’s a coefficient of .85, a split-half coefficient of .81, and a retest
coefficient of .89. In previous studies, the CNS had good reliability
and validity in research samples among Chinese children [6].

The Security Neglect Subscale, which is the focus of this study,
was analyzed to assess the presence of some safety hazards in the
child’s growing environment due to the guardian’s negligence,
which may lead to a risky situation for the child. There were nine
items containing two factors (e.g., Parents told me to be careful
when crossing the street; Parents told me how to do when I am in

danger locked me up alone in the house; ignored by my parents
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when telling them that my peers were bullying me). Some of the
items were revised to accommodate groups of vulnerable children
(by replacing “parents” with “guardians” in items 1, 2, 3, 4, 6, and
8).Items 1, 2, 3, 4, and 6 are reverse scored.

4, Data collection

Firstly, the researcher contacted the local government and es-
tablished a cooperative relationship. After fully explaining the
purpose of the study, the questionnaire was submitted to the local
government, and a trial survey was conducted. Thirty vulnerable
children were randomly selected as a sample, and the researcher
further revised and improved the questionnaire after analysis, ac-
cording to which a specific implementation plan was formulated.
It then entered the formal survey phase. Data were collected
through face-to-face interviews. Before the interviewers collected
the data, the researcher trained them in uniformity and standard
instructions during the interview process, controlling the inter-
view time and data checking and entry after the information col-

lection was completed.

5. Data analysis

IBM SPSS ver. 28.0 and IBM SPSS AMOS ver. 28.0 statistical
software (IBM Corp.) were used to analyze the data. Firstly, item
analyses were performed. Normality was evaluated using skew-
ness and kurtosis coefficients, with absolute values below 3 for
skewness and below 10 for kurtosis serving as the criteria for all
variables [23]. Item contribution was assessed by analyzing the
item-total correlation (>.30) [24].

Confirmatory factor analysis (CFA) assessed the scale’s con-
struct validity. Kaiser-Meyer-Olkin (KMO) and Bartlett’s test were
used to assess the suitability of the data for factor analysis [23].
CFA is suitable for applying instruments with a defined factor
structure based on theoretical foundations to examine new popu-
lations. As recommended by Hu and Bentler [25], CFA uses
normed chi-square (y*/degrees of freedom [df]), comparative fit
index (CFI), Tucker-Lewis index (TLI), and root mean square er-
ror of approximation (RMSEA) to assess model fit. Acceptable fit
was indicated by y*/df <3.0, RMSEA <.08, GFI >.90, NFI >.90,
CFI 2.90, and TLI 2.90 [26].

The items’ convergent validity was assessed using average vari-
ance extracted (AVE) and composite reliability (CR). The criteria
for satisfactory convergent validity were set at AVE >.50 and CR
>.70 [27]. Item discriminant validity was determined by compar-

ing the AVE values to the squared values of the correlation coeffi-
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cients for each subdomain of the Security Neglect Subscale [28].

Cronbach’s a coefficient assessed the tool’s internal consistency
reliability, with coefficients >.70 considered sufficient [29]. In this
study, p<.05 indicates statistical significance.

6. Ethical considerations

This study has been authorized by the original developers of the
CNS tool. Ethical approval for this study was granted by the Insti-
tutional Review Board at Shandong Women's University (approval
no., sdwu-20240506-01). This study obtained cooperation with
the local government through which the survey was conducted,
and the final data was obtained. The researcher submitted the
questionnaire to the government staff before data collection. After
reviewing the questionnaire and receiving approval from the re-
searcher’s organization and the government where the survey was
conducted, the questionnaire and procedures of this study were
safe for the participants. Written informed consent was obtained

from participants and their guardians.

2. Item analysis

The skewness of the items ranged from -2.87 to -1.42, and the
kurtosis ranged from 1.23 to 9.30. The absolute value of the skew-
ness was less than 3, the absolute value of the kurtosis was less
than 10, and the items met normality. The corrected item-total
correlation coefficients ranged from .41 to .74, so no items were
deleted (Table 2).

3. Validity

1) Construct validity

The KMO was .85, and Bartlett’s sphericity test was significant
(*=1,330.02, p<.001), indicating suitability for factor analysis. The
CFA model of the measurements was fitted to the data (Table 3).
The Security Neglect Subscale is composed of nine items in two
dimensions. The results of the CFA were as follows: y*/df=3.42,

Table 1. Descriptive characteristics of participants (N=242)

Characteristic Category N (%)
Results Gender Women 108 (44.6)
Men 134 (55.4)
1. Participants' characteristics Age (yr) 5-12 113 (46.7)
13-18 129 (53.3)
Of these participants, 134 (55.4%) were boys and 108 (44.6%) Education Primary school or less 104 (43.0)
were girls. Regarding educational level, the majority of partici- Junior school 80 (33.1)
. . High school 45 (18.6)
pants, 43%, were enrolled in primary school and below, followed
by junior high school (33.1%) and senior high school (18.6%). II\)/Irizz;l;t 1? EZE;
Among the vulnerable children, 30 (12.4%) were from intact fam- Family type Complete family 30 (1 2 2)
ilies, 114 (47.1%) were from single-parent families, and 49 (20.2%) Orphan 49 (20.2)
were orphans (Table 1). Single-parent family 114 (47.1)
Step-family 3(1.2)
Others 36 (14.9)
Missing 10 (4.2)
Table 2. Item-analysis
[tem MzSD Corrected item-total correlation
1. Guardians gave me some information about safety. 3.53+0.70 71
2. Guardians told me to be careful about water, electricity, and fire. 3.55+0.69 74
3. Guardians told me to be careful when crossing the street. 3.53+0.73 74
4. Guardians told me what to do when I'm in danger. 3.61+0.65 71
5. Nobody is at home to take care of me or to protect me. 3.74+0.67 43
6. Guardians warned me not to play with matches, lighters, knives, or sharp things. 3.77£0.58 48
7. Guardians locked me in the house alone. 3.67+0.64 .70
8. Guardians ignored me when told | was being bullied by my peers. 3.75+0.70 .51
9. When | was a child, | was often left alone by myself. 3.74+0.63 41

SD, standard deviation.
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Table 3. Results of model fit tests for different models

Model Ml XZ/df RMSEA IFI TLI CFl
Original model 3.42 .10 .95 .93 .95
Error covariance model for items 1 and 2 11.22 2.73 .08 97 .95 97
Error covariance model for items 2 and 3 10.51 2.48 .08 97 .96 97

CFI, comparative fit index; IFI, incremental fit index; MI, modification index; RMSEA, root mean square error of approximation; SRMR, standardized

root mean squared residual; TLI, Tucker-Lewis index.

NFI=.93, TLI=.93, CFI=.95, and RMSEA=.10. However, among
the model fit indices, the RMSEA values were not met. To im-
prove the model fit, this study confirmed the error term’s modifi-
cation index and set the covariance between items 1 and 2, 2 and
3. As a result, the CFA model fitted the data very well: y*/df=2.48,
NFI=.96, TLI=.96, CFI=.97, and RMSEA=.08.

2) Convergent validity

This study assessed the convergent validity of items in the Secu-
rity Neglect Subscale (Table 4). The standardized factor loadings
of the modified model ranged from .60 to .91. Additionally, the
AVE values for each dimension were .73 and .48, respectively, and
the CR values were .79 and .93, respectively. The AVE value for
the security neglect dimension was slightly less than .50. Although
the AVE for the security neglect dimension fell marginally below
the conventional threshold of .50, a more conservative assessment
of the scale’s internal structure supported the adequacy of conver-
gent validity when CR exceeded .60 [30].

When the two factors’ AVE values were compared to the
squared correlation coefficients (r’=.15), the AVE values were
greater. These findings provide evidence that the subscales have

good discriminant validity.

3) Reliability

Internal consistency reliability was verified by calculating Cron-
bach’s o coefficient. The Cronbach’s a coefficient for the nine items
of the Security Neglect Subscale was .87, and for the two factors, it

was .78 and .93, respectively.

Discussion

This study validated the validity and reliability of the CNS Se-
curity Neglect Subscale in vulnerable children. The original scale
was revised to accommodate vulnerable children. The psycho-
metric properties were assessed in 242 children aged 5-18. The
results showed that the 9-item CNS Security Neglect Subscale had
good validity and reliability in assessing the security neglect status
of vulnerable children in China. The use of this instrument may

contribute to a full understanding of vulnerable child security ne-
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glect, leading to positive outcomes for children’s subsequent devel-
opment. The CNS Security Neglect subscale demonstrates signifi-
cant advantages over existing measurement tools. Through
self-reports from a child’s perspective, groups of vulnerable chil-
dren experiencing security neglect are quickly identified using
concise question items. This facilitates timely intervention or re-
ferral for services.

In this study, the wording was carefully considered to ensure
the appropriateness of the tool in order to accommodate the vul-
nerable child population. For example, the key consideration was
that a significant proportion of vulnerable children have incom-
plete family structures, so we changed the subject of neglect in the
original scale from parents to guardians. The CFA was used in this
study to confirm the structural validity of the Security Neglect
Subscale. The two-factor structure remained stable in the group of
vulnerable children, and the fit was fundamentally satisfactory.
The present study model fit was improved by allowing correlated
measurement errors. This strategy has been used in many studies
[31,32]. Model fit indices are reported both prior to and following
correlated error incorporation to clarify inter-model differences.
The factor loadings for all items in this study ranged between .60
and .91. These findings are consistent with the original study of
this tool [6].

AVE and CR were additionally examined to verify items’ accu-
rate and consistent representation of their target constructs. While
security neglect’s AVE fell marginally below the recommended
threshold, satisfactory CR values confirmed adequate convergent
validity for its items. Discriminant validity was also tested through
CFA methods and supported in the current study.

The internal consistency of the Security Neglect Subscale was
assessed using the Cronbach’s a coefficient. The subscale and both
factors in the current study showed good internal consistency
(Cronbach’s a coefficients of .78 and .93). Item-total correlations
were also calculated to determine the relationship between items
and scale scores. It is recommended that item-total correlations
for items should be above .20 [33]. In the present study, item-total
correlations ranged between .41 and .74, which indicates sufficient
internal consistency of the scale.

Although hidden, child neglect is closely linked to children’s
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Table 4. Convergent validity test

Domain Estimate SE p CR AVE Cronbach a Inter-subscale correlation
Factor 1 .93 73 .93 .39
1 0.87
2 0.88 0.05 <.001
g8 0.91 0.06 <.001
4 0.82 0.05 <.001
7 0.78 0.06 <.001
Factor 2 .79 48 .78
5 0.68
6 0.75 0.1 <.001
8 0.60 0.12 <.001
9 0.74 0.1 <.001
Total .87

AVE, average variance extracted; CR, composite reliability; SE, standard error.

functional development [3]. This study clarifies whether vulnera-
ble children are neglected and to what extent during interventions.
Such insights help monitor guardianship status and guide efforts
to improve guardians’ safety literacy [34], reducing unintentional
injuries [35] and unlawful abuse [35,37]. Nurses, as the largest
healthcare professional group within the field of child and family
care, offer fresh perspectives for advancing public health solutions
to child neglect [38]. Universal screening through comprehensive
health services (i.e., screening all families at primary healthcare
facilities) can eliminate the stigma associated with selective
screening [39], reduce the likelihood of overlooking high-risk
families, and facilitate early identification of patient needs using
concise psychosocial tools. When risks or adverse effects are iden-
tified, it is crucial to take decisive action to protect children. This
may involve follow-up when situations are ambiguous and collab-
orating with other professionals, such as social workers, when ad-
ditional family support is deemed necessary. If vulnerable children
reach a critical level of harm, nurses may report cases of neglect to
child protection services. Nurses play a pivotal role in public
health responses, and this study provides healthcare practitioners
with a concise screening tool to support their professional prac-
tice.

There are some limitations to this study. Firstly, this study did
not validate the retest reliability of the tool. We could not find par-
ticipants again because the data came from a collaboration with
the government to collect data. Future studies should validate the
instrument’s consistency by assessing its retest reliability. Second,
this study was conducted in a county in Shandong Province, Chi-
na. However, there is a great deal of variation between regions in
China and a large population. Whether the findings of this study

can be generalized to vulnerable children in other regions needs
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to be validated in future studies. Third, the final model incorpo-
rated correlated error terms. Future studies should streamline

items with content redundancy.

Conclusion

The present study confirms that the CNS Security Neglect Sub-
scale is a valid and reliable instrument for assessing the security
neglect status of vulnerable children. Our findings confirm two
factors in the CNS Security Neglect Subscale. Researchers can
adopt intervention strategies according to the level of security ne-
glect. In the future, it is necessary to validate the reliability and va-
lidity of the Security Neglect Subscale with larger sample sizes and
to broaden our understanding of the impact of security neglect on

vulnerable child health outcomes.
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A qualitative exploration of acute
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Purpose: This study aimed to explore the lived experiences of patients with acute stroke-related aphasia
within the Korean healthcare context.

Methods: A qualitative research design using inductive content analysis was employed, following
the Consolidated Criteria for Reporting Qualitative Research guidelines. Fourteen adults with acute
stroke-related aphasia participated in one-on-one, in-depth interviews conducted between January
and May 2025. Participants were recruited through purposive sampling until theoretical saturation was
reached. Data were analyzed using an inductive qualitative content analysis approach.

Results: Five main categories emerged: “suddenly trapped in silence” described the abrupt loss of lan-
guage, including the inability to articulate intended words and understand others; "emotional impact”
captured psychological shock and feelings of loss; “communication crisis" encompassed expressive dif-
ficulties, exclusion from decision-making, and social withdrawal; "patient-centered interaction" high-
lighted supportive communication, empathic care, and active engagement by others; and “emerging
hope" reflected signs of recovery, self-directed efforts, and anticipation of improvement. These catego-
ries converged into the overarching theme, “communication beyond language,” illustrating how patients
sought meaningful interaction despite linguistic limitations.

Conclusion: Acute aphasia extends beyond a language disorder to encompass profound emotional and
social experiences. Although communication barriers exist, meaningful interaction remains possible
through empathetic, person-centered approaches. Healthcare professionals should recognize that pa-
tients with aphasia retain cognitive competence despite expressive limitations. These findings under-
score the need to integrate emotional sensitivity into clinical care and to develop training programs that
enhance person-centered communication skills in stroke rehabilitation settings.

Keywords: Acute stroke; Aphasia; Communication; Patient-centered care; Qualitative research

Introduction

Stroke represents a major public health burden worldwide. The World Stroke Organization
estimates that almost 12 million people experience a new stroke each year and that one in four
adults aged >25 years will suffer a stroke during their lifetime [1]. In Korea, the number of
stroke patients increased by approximately 7.5%, from 607,862 in 2020 to 653,275 in 2024 [2],
reflecting an aging population and improved survival rates.

Aphasia is one of the most disabling consequences of stroke, resulting from damage to lan-
guage-dominant cortical and subcortical regions. Patients may experience difficulties with
speaking, understanding, reading, writing, and symbol recognition [3]. Analysis of more than 4
million admissions for acute ischemic stroke in the US National Inpatient Sample revealed that
16.9% of patients had aphasia, with the proportion having increased from 13.3% in 2003 to
21.9% in 2014 [4]. A recent meta-analysis of 36 studies involving 31,058 patients reported an
overall prevalence of post-stroke aphasia of 34% [5]. Data on the prevalence of aphasia in Korea

remain scarce. A 2022 analysis of the Korean Stroke Cohort for Functioning and Rehabilitation
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found that 46.5% of stroke survivors reported experiencing com-
munication impairments, including aphasia, 6 months after stroke
onset [6]. Aphasia is associated with higher mortality rates, longer
hospital stays, and increased healthcare costs [4]. Individuals with
aphasia are also more likely to experience post-stroke depression;
in one cohort study, the odds of depressive symptoms were over
seven-fold higher in people with aphasia compared to those with-
out [7]. Loss of language function impairs social participation and
return to work, contributing to social isolation and anxiety [8].

Although spontaneous recovery occurs, language recovery is
often incomplete. Prospective studies indicate that stroke survi-
vors regain approximately 70% of their maximal potential lan-
guage function within 90 days [9], with the most rapid improve-
ments occurring within the first 2 weeks [10]. Despite this
recovery pattern, many patients in the acute phase have a limited
understanding of their condition and receive insufficient informa-
tion about communication strategies, which hampers interactions
with healthcare professionals [11]. A recent audit by the Austra-
lian Stroke Foundation, involving 3,122 patients with aphasia
across 126 hospitals, reported that while those requiring interpret-
ers had similar access to care, they were less likely to have their
mood assessed, experienced longer median hospital stays, re-
ceived more caregiver training, and were less likely to achieve in-
dependence at discharge [12]. These findings illustrate how com-
munication difficulties can compromise the quality of acute care
and discharge outcomes.

Although qualitative studies have begun to explore the experi-
ences of individuals with post-stroke aphasia, most have focused
on communication barriers in general. Carragher et al. [13] high-
lighted patients’ frustration at being perceived as cognitively im-
paired through the theme “I am not mad, I am not deaf;” while
Loft et al. [14] emphasized patients” desire to be treated as equal
human beings by healthcare professionals. However, these studies
did not comprehensively address the broader range of challenges
faced by patients during the acute phase. Furthermore, in Korea,
stroke research has predominantly focused on physical disabilities,
with limited investigation of the subjective experiences of patients
with aphasia, particularly during the acute stage. Existing Korean
studies have analyzed experiences of chronic aphasia [15] or
healthcare providers™ perspectives on communicating with apha-
sic patients [16], but there remains a significant gap in research in-
vestigating the communication difficulties and actual needs of pa-
tients with acute aphasia.

Given these research gaps, we conducted a qualitative content
analysis to comprehensively explore the lived experiences of pa-

tients with acute post-stroke aphasia in Korea. Qualitative content
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analysis enables systematic coding and thematic interpretation of
participants’ narratives, providing valuable insights when prior
knowledge is limited [17,18].

The purpose of this study was to gain an in-depth understand-
ing of the experiences of patients with acute stroke-related aphasia
in the Korean healthcare context. By illuminating these experienc-
es from the patients’ perspective, this study seeks to inform
healthcare professionals and contribute to the development of
more patient-centered care approaches for individuals with acute
aphasia. Our research question was: “What are the experiences of
patients with acute stroke-related aphasia during their hospitaliza-

tion?”

Methods
1. Study design

This study employed a qualitative content analysis approach.
We adhered to the 32-item Consolidated Criteria for Reporting
Qualitative Research checklist [19].

2. Participants

Fourteen adults with acute stroke-related aphasia who were ad-
mitted to a university hospital in Busan participated in this study.
The acute phase of stroke was defined as within 7 days after onset
[20]; participants were identified during this period, but inter-
views were conducted once their communication abilities had
sufficiently improved to allow participation.

The inclusion criteria were as follows: (1) age 219 years; (2)
ability to express thoughts and experiences through verbal or
nonverbal means (e.g., gestures, writing, or simple speech despite
residual impairments such as dysarthria); and (3) capacity to un-
derstand the study purpose and provide informed consent. Pa-
tients with residual language impairments were included to reflect
the diversity of aphasia experiences and enhance representative-
ness. We excluded individuals with a history of aphasia prior to
the current stroke or with pre-existing cognitive impairment.

Participants were recruited through purposive sampling. One
author screened potential participants by observing patients in the
stroke intensive care unit and reviewing medical records. Brief
conversations were conducted to assess whether participants
could communicate sufficiently for an interview. We aimed for
variation in age, gender, and aphasia type. Eligible candidates re-
ceived detailed information about the study and provided written

informed consent.
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Data collection and analysis proceeded iteratively. We began
with purposive sampling and subsequently employed theoretical
sampling and constant comparative analysis, selecting each new
participant based on insights from prior interviews. After the
ninth interview, content began to recur; by the 13th interview, no
new codes had emerged. In qualitative research, data saturation is
achieved when additional data provide little or no new informa-
tion [21]. Following this principle, we determined that saturation
had been reached and concluded enrollment after the 14th inter-

view.

3. Data collection

Data were collected between January and May 2025 through
one-to-one in-depth interviews. A semi-structured format was
adopted to ensure interviews covered key topics while allowing
participants to share their stories in their own words. Prior to each
interview, the interviewer met with participants to explain study
objectives, obtain informed consent, and establish rapport. Build-
ing trust and creating a comfortable atmosphere were essential for
obtaining honest and rich accounts; this involves attentive listen-
ing, demonstrating genuine interest and empathy, and explaining
the research purpose without judgment.

Most participants were interviewed once; follow-up interviews
were conducted when clarification or elaboration was needed. In-
terviews lasted 30-50 minutes and were conducted at the partici-
pants’ current location of care. For patients in the intensive care
unit, interviews were conducted at the bedside with careful atten-
tion to safety and patient stability. For patients who had been
transferred to general wards, interviews were conducted at loca-
tions preferred by the participant, such as at the bedside, in lounge
areas, or in private conference rooms. One participant (Participant
3) who had been discharged was interviewed in a conference
room adjacent to the stroke intensive care unit during their outpa-
tient follow-up visit, as requested by the participant. All interview
locations were chosen to ensure privacy and comfort.

The semi-structured interview guide began with broad,
open-ended questions such as “Can you describe what it was like
when you first lost your speech?” and “What challenges are you
experiencing now?” or “What challenges did you experience
when you were in the hospital because of aphasia?” for the dis-
charged patients. The interview then explored more specific as-
pects, including difficulties in daily activities, support systems,
and perceived improvements. The interviewer employed fol-
low-up questions and probes tailored to participants’ responses

while maintaining a neutral stance to encourage unrestricted dis-
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closure (Figure 1).

When verbal communication was challenging, participants
were encouraged to use writing or gestures; family members’
statements were considered supplementary information, depend-
ing on the participant’s communication ability. During each inter-
view, the interviewer documented brief field notes to capture
non-verbal cues such as facial expressions, body language, mood,
and the overall environment.

Interviews were audio-recorded using two digital recorders
with participants’ permission. Recorded content was transcribed
verbatim using an artificial intelligence transcription program,
ClovaNote (Naver). Transcripts were verified against the record-
ings to ensure accuracy, and field notes were used to contextualize

the data during analysis.

4. Data analysis

Data were analyzed using inductive qualitative content analysis,
following the approach described by Graneheim and Lundman
[17]. Initially, two researchers read and reread each verbatim tran-
script to grasp the overall narrative, then divided the text into
meaning units—words, phrases, or sentences that reflected partic-
ipants’ experiences of aphasia. These meaning units were con-
densed to shorten the text while preserving core meaning and la-
beled with codes. Codes with similar content were grouped into
subcategories, which were further clustered into broader catego-
ries based on shared characteristics. Finally, we constructed over-
arching themes that conveyed the potential meaning of the cate-
gories.

Qualitative content analysis is inherently iterative and reflexive
[18]; therefore, researchers continually revisited transcripts, mean-
ing units, codes, and categories, refining them as new data were
collected. Each interview was analyzed within 1 week of comple-
tion so that emerging insights could inform subsequent inter-
views. Preliminary categories and themes were presented to three
nurses with more than 5 years of experience in stroke intensive
care to obtain peer feedback, which helped verify that findings

resonated with clinical experience.

5. Rigor

To ensure the trustworthiness of our qualitative findings, we
applied the criteria of credibility, dependability, and transferability
as articulated by Lincoln and Guba [22] and elaborated by Grane-
heim and Lundman [17].

Credibility was addressed through purposive sampling that
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Interview guide

Introduction (5-10 minutes)

® Explanation of research purpose and interview process
e Consent for recording and assurance of anonymity

® Simple questions to create a comfortable atmosphere

Main interview (30-45 minutes)

Probing questions
"What symptoms did you experience first because of aphasia?”
"How did you realize you couldn't speak?"
"How did you feel at that time?"
“Was it a sudden loss or did it happen gradually?”

Probing questions
"What difficulties did you face during hospitalization due to aphasia?”

"How was communication with the medical staff?"
"What strategies did you use to communicate?”
"What kind of help did you want from others?"

"What did you do to help your speech recover?”

"What is the one moment you remember most?"

Wrap-up (5 minutes)
® Check if there are additional stories participants would like to share

® Express gratitude for the participation

"What was helpful to you in coping with the difficulties caused by aphasia?"

Main question 1: “Can you describe what it was like when you first lost your speech?"

Main question 2: “What challenges are you experiencing now?" or "What challenges did you experience when you were in the hospital because of aphasia?"?

"When did you first realize you were recovering, and how did you feel at that moment?"

Figure 1. Semi-structured interview guide. “For the participants who have already been discharged.

captured variation in demographic characteristics and aphasia
subtypes, alignment of recruitment with the study aim, and con-
tinuation of interviews until no new information emerged. Mem-
ber checking was conducted by inviting one participant (Partici-
pant 1) to review the derived categories and themes, which
strengthens credibility and confirmability by ensuring that inter-
pretations resonate with participants’ experiences. We also con-
ducted a meeting with three stroke intensive care nurses to com-
pare emergent categories with clinical practice.

Dependability was achieved by having all interviews conducted
by the same researcher using a common semi-structured guide,
and through iterative analysis whereby insights from earlier inter-
views informed subsequent data collection and coding. Through-
out the study, we maintained an audit trail that recorded method-
ological decisions, analytical steps, and team discussions.

Transferability was enhanced by providing thick description of
the research context, participant characteristics, data collection

procedures, and analytical processes. We explicitly linked catego-
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ries to illustrative quotations, enabling readers to judge the rele-

vance of our findings to their own settings.
6. Researcher background and qualifications

One author has conducted and published multiple qualitative
studies, providing methodological expertise. The other author,
who conducted the interviews, has over 10 years of clinical experi-
ence in a stroke intensive care unit, including caring for patients
with aphasia and conducting stroke research. Prior to data collec-
tion, the interviewer completed formal qualitative research train-
ing, practiced with rehearsal interviews, reviewed recordings, and
consulted experienced colleagues to improve interviewing and

analytical skills.
7. Ethical considerations

This study was conducted following approval from the Dong-A
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University Hospital Institutional Review Board (approval number:
DAUHIRB-24-211). All participants provided written informed
consent and were informed of their right to withdraw from the
study at any time without penalty. All data are stored securely and
will be destroyed 3 years after study completion.

Results
1. Participant characteristics

A total of 14 patients with acute stroke participated in the study.
Participants ranged in age from 35 to 81 years, with eight being
men. The most common etiology was left middle cerebral artery
infarction (n=10). Aphasia types included motor aphasia (n=7),
global aphasia (n=5), and sensory aphasia (n=2). At the time of
interviews, 10 participants continued to experience residual lan-

guage deficits, including dysarthria (Table 1).

2. Content analysis findings

Analysis of interview transcripts yielded 42 codes derived from
a total of 371 meaning units, which were synthesized into 13 sub-
categories and subsequently clustered into five main categories.
Participants’ loss of the ability to speak and understand was cap-
tured in the category “suddenly trapped in silence,” which was
closely linked to “emotional impact.” Negative interactions caused
by communication barriers were represented as “communication
crisis;” while healthcare staff's supportive and empathetic care was

categorized as “patient-centered interaction.” As language abilities

Table 1. Characteristics of the participants (N=14)

gradually returned, participants experienced “emerging hope”
These five categories were ultimately integrated into the overarch-
ing theme “communication beyond language” (Table 2, Figure 2).

1) Category 1: Suddenly trapped in silence

The category “suddenly trapped in silence” vividly captures par-
ticipants’ experiences of abrupt language function loss following
stroke onset. This category comprises two subcategories: “words
stuck in the mouth,” reflecting the struggle to articulate words de-
spite the intention to speak, and “loss of meaning in language,” de-
noting the inability to convey or comprehend meaning through

language.

(1) Words stuck in the mouth

Participants described profound difficulty expressing what they
intended to say, despite having clear awareness of the words they
wished to produce. At times, speech was abruptly blocked, leaving
words “stuck” and unable to flow, while in other instances, unin-
tended sounds emerged without volitional control. These symp-
toms appeared suddenly at stroke onset, and some participants
also reported unusual sensations around their lips.

“Tt felt like the process of saying, ‘Daddy’s girl, let’s wash, was al-
ready in my brain, but the words would not come out. It just
stopped here (pointing to his mouth). It wouldn’t progress be-
yond Da... Da... Da.... Why wasn't it working? Why? It was
so frustrating, constantly feeling this way.” (P6, M/35, 3 days af-

ter onset)

No. Gender/age (yr) Diagnosis Type of aphasia  Days from onset (day)?  Residual language impairments
1 F/51 Lt. MCA infarction Motor aphasia 8 Present
2 M/49 Lt. MCA infarction Sensory aphasia 2 Present
3 M/48 Lt. MCA infarction Motor aphasia 40 Present
4 F/78 Lt. MCA infarction Global aphasia 4 Absent
5 F/39 Transient ischemic attack Motor aphasia 2 Absent
6 M/35 Rt. MCA infarction Motor aphasia 3 Absent
7 F/81 Lt. MCA infarction Global aphasia 2 Present
8 M/64 Multiple infarction Motor aphasia 15 Present
9 F/63 Lt. MCA infarction Motor aphasia 6 Present
10 F/72 Lt. MCA infarction Global aphasia 3 Absent
n M/62 Lt. MCA infarction Global aphasia 4 Present
12 M/74 Lt. MCA infarction Global aphasia 5 Present
13 M/67 Lt. MCA infarction Motor aphasia 3 Present
14 M/56 Rt. cortical ICH Sensory aphasia 7 Present

F, female; ICH, intracerebral hemorrhage; Lt., left; M, male; MCA, middle cerebral artery; Rt., right.

YAt the time of the interview.

https://www.jkan.or.kr
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Table 2. Experience of aphasia in acute stroke

Theme Category Sub-category Code
Communication beyond language Suddenly trapped in silence ~ Words stuck in the mouth Clear words in mind

Speech flow blocked
Distorted speech output
Altered sensation in the lips
Loss of meaning in language Speech perceived as meaningless sounds
Unable to understand even my own speech
Only lip movements perceived
Inability to read written text
Emotional impact Psychological shock Unexpectedness
Confusion
Fear
A sense of life-ending despair
Feeling lost Uncertainty about the future
Worries about making a living
Concerns about family
Self-pity
Communication crisis Difficulties in expression Inability to express basic needs
Inability to engage in small talk
Incomplete expression of intentions
Misunderstandings
Exclusion from decision-making  Decisions discussed solely with caregivers
Being treated like a child
Reluctance and withdrawal Speaking feels exhausting
Reluctance to speak
Giving up on speaking
Patient centered interaction Supportive communication Encouraged to speak slowly
Being listened to patiently
Facilitating speech
Empathic care Showing attentive concern
Providing anticipatory assistance
Instilling hope for recovery

Active engagement Initiating interaction
Making efforts to sustain conversation
Emerging hope Gradual but inconsistent recovery Words suddenly come out and are heard

Fluctuating speech ability

Different pace of recovery for words

Still clumsy speech
Self-directed efforts Alternative communication

Speech practice

Reading and writing practice
Anticipation of recovery Relief

From fear to hope

(2) Loss of meaning in language gled to recognize or read written letters.

Several participants described sudden inability to comprehend
spoken language, perceiving others’ speech as incomprehensible “At first, I couldn't understand anything—it was just buzzing
sounds or as if the speaker’s mouth was moving silently. They also sounds. As I gradually improved, I was able to catch words little
reported difficulty understanding their own utterances and strug- by little. I tried reading books, but the readability was so poor. I
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Emerging Hope

4\ Communication Crisis

Suddenly Trapped
in Silence
- Words Stuck in the mouth

- Loss of meaning in language

Emotional lmpact‘sﬁ} ’

Patient Centered Interaction
Supportive Communication

Empathic Care - Active Engagement

Figure 2. Experience of aphasia in acute stroke.

tried to read a book called The Vegetarian, but I couldnt under-
stand it at all. The readability was poor, and even when I
watched YouTube, I still couldn’t make sense of it”” (P2, M/49, 2

days after onset)

2) Category 2: Emotional impact

The abrupt loss of language function evoked profound negative
emotions among participants. Their accounts were clustered into
two subcategories: “psychological shock” and “feeling lost” Col-
lectively, these experiences illustrate the overwhelming emotional

impact of aphasia following stroke.

(1) Psychological shock

The sudden inability to speak brought participants an over-
whelming sense of shock, confusion, and fear. Several described
experiencing despair at the moment they realized they had lost
the language essential for daily life, with some perceiving it as the

end of their existence.

“For a moment—really, just for a moment—I was completely
speechless. ‘Oh my God, I really cannot speak’ I was so worried,
thinking, ‘What should I do?’.. No, I just couldn’t speak, so I
thought, ‘Oh my God, what should I do? I guess I can't speak. I
guess I'm really becoming mute..” My life is just over, it’s over. If
I can't speak, isn't it completely over now?” (P10, F/72, 3 days
after onset)

(2) Feeling lost
Many participants reported that, beyond the immediate frustra-
tion of being unable to speak, their greatest concerns centered on

economic survival and the ability to support their families. These
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real-life pressures often overshadowed the pain of aphasia itself,
compounding their sense of despair. The feeling of being lost and
uncertain was particularly intense among younger and socially

active participants.

“It was the day I disappeared. The day I disappeared. Why am I
here? Why am I alive? The first thing that came to my mind
was, ‘How can I, who can't speak, live? How could I live without
speaking? My children were young, so I worried about financ-
es. I felt lost, afraid of becoming a burden to them. Would my
family have to support me? Why am I even here? I was out of
my mind” (P1, F/51, 8 days after onset)

3) Category 3: Communication crisis

The diverse communication difficulties that participants en-
countered following aphasia onset were consolidated into the cat-
egory “‘communication crisis.” This category comprises three
subcategories: “difficulties in expression,” “exclusion from deci-
sion-making,” and “reluctance and withdrawal” Collectively, these
findings highlight the multifaceted communication challenges
participants faced with healthcare professionals during acute hos-

pitalization.

(1) Difficulties in expression

In the early stages, participants were unable to communicate
even their most basic physiological needs to nursing staff. They
struggled to engage in simple conversations, and some also had
difficulty understanding others, often becoming trapped in their
own thoughts, which led to frequent misunderstandings. Several
participants described experiencing extreme frustration through-

out the communication process.

“I wanted to tell them to take me to the bathroom because I
needed to go, but the words wouldn’t come out. They just
wouldn’t come out of my mouth. I kept saying it inside my-
self... but there was no one there, and I just ended up peeing. I
kept trying to say, T want to go to the bathroom, I want to go to
the bathroom, but no one understood. I struggled so much, no
matter how hard I tried. I really needed to go, but they didn’t
take me... What should I say? I had already wet myself when I
came in the ambulance, and it happened here at the hospital
too. What should I say about this? I really wanted to say some-
thing, but I couldn't... nothing came out” (P7, F/81, 2 days after

onset)
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(2) Exclusion from decision-making

Several participants reported being excluded from conversa-
tions and treatment decisions due to their inability to speak. They
felt humiliated and uncomfortable when medical staff treated
them as if they were incapable of understanding, or when deci-
sions were made solely in consultation with family members. De-
spite their impaired speech, participants emphasized that they re-
tained the capacity to think and feel.

“The levin tube... was really mean. He just put it in without my
consent. The tube went from my nose all the way down my
throat, and it was so painful. If he had explained it to me in ad-
vance, I would have understood... But he just slammed the
tube in without any explanation. That’s why I felt so bad. It was
really bad” (P8, M/64, 15 days after onset)

“When they talk to me, they act like I'm stupid or a baby... so it
feels a little negative. I'm just an ordinary person, but they treat
me like 'm stupid or a baby... so it feels a little frustrating” (P2,
M/49, 2 days after onset)

(3) Reluctance and withdrawal

Repeated communication failures caused participants to be-
come increasingly hesitant to engage in interactions. Many feared
that their incomplete speech would inconvenience or frustrate
others, and even attempts at conversation with medical staff often
felt uncomfortable or irritating. Some participants expressed em-
barrassment about their impaired speech, which led them to avoid

communication altogether.

“The nurse kept talking to me, and I was a little annoyed. I
wanted to talk but I couldn't, so it was annoying... No, it wasn't
that bad. I just got annoyed because I couldn’t speak, but she
kept making me talk...” (P12, M/74, 5 days after onset)

4) Category 4: Patient-centered interaction

This category highlights the efforts of healthcare professionals
to maintain meaningful communication with patients despite lan-
guage limitations. Participants described helpful approaches that
included “supportive communication,” “empathic care,” and “ac-
tive engagement.” Collectively, these strategies demonstrate how
medical staff sought to preserve patients’ dignity and foster thera-
peutic relationships, even in the face of aphasia-related challenges.

(1) Supportive communication

Participants emphasized that when medical staff listened atten-

tively and waited without rushing, they felt psychological stability.
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This supportive attitude encouraged them to attempt communi-

cation at their own pace, even if speech was slow or fragmented.

“There was no inconvenience. The doctors and nurses all wait-
ed patiently for me to speak. I found that incredibly kind. They
said, ‘It’s okay. If you have anything to say, we'll wait, so please
speak slowly; and I was able to speak comfortably.” (P6, M/35, 3

days after onset)

(2) Empathic care

Participants expressed gratitude for medical staft's proactive ef-
forts to assess their needs and provide assistance without being
asked. Such attentiveness offered reassurance, as if someone un-
derstood them despite the language barrier. This consideration
not only alleviated the burden of communication but also provid-
ed significant psychological comfort. They emphasized that posi-
tive messages regarding the possibility of recovery served as their

greatest source of strength throughout treatment.

“I couldn’t speak, but the nurses did everything for me. They
took care of everything... Even when I was lying down like this,
they changed my clothes. If my clothes rode up, they pulled
them down for me. If my position was uncomfortable, they
even turned me to the side” (P9, F/63, 6 days after onset)
“When I heard that there was a problem, the only feedback that
mattered was whether it would get better. I was really grateful
when the doctor said it would get better, and I was thankful at
that time (crying)...” (P6, M/35, 3 days after onset)

(3) Active engagement

Participants highlighted the importance of medical staff actively
engaging with them to overcome communication barriers. The
willingness of staff to approach, ask questions, and persistently
seek ways to facilitate understanding was perceived as powerful
support. Such efforts not only promoted communication but also

fostered trust and reassurance.

“The effort to help me understand what I didn't understand—
trying to explain it step by step while mimicking it—was tre-
mendous effort. I don't think there’s anything more helpful to
the patient than that. In my opinion, being there for the patient
is the most important thing” (P13, M/67, 3 days after onset)

5) Category 5: Emerging hope

The gradual restoration of language function brought about

emotional changes that fostered hope, which were integrated into
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the category “emerging hope” This category encompassed three
subcategories: “gradual but inconsistent recovery, “self-directed
efforts,” “anticipation of recovery.” Together, these subcategories il-
lustrate how participants’ experiences of language improvement
instilled optimism and strengthened their determination to perse-

vere in the recovery process.

(1) Gradual but inconsistent recovery

Participants described early signs of improvement when words
unexpectedly emerged or when they were able to comprehend
others’ speech. They described their language recovery as incon-
sistent and unpredictable. At times, speech flowed smoothly with
clear pronunciation, only to stop abruptly without reason. The
pace of recovery varied not only across different words but also
across different aspects of language function. Although partici-
pants expressed frustration with imprecise speech and inaccurate
pronunciation, they acknowledged that their language abilities

were gradually improving.

“I was trying to speak... and the words just came out. Oh my,
I'm talking. The words just came out without me knowing. It
wasn't as clear as this, but my voice was still there” (P10, F/72, 3
days after onset)

“When I swear, it comes out incredibly well. But I can’t even
pronounce my own name properly” (P6, M/35, 3 days after on-
set)

(2) Self-directed efforts

Despite severe language limitations, participants actively sought
ways to communicate through gestures and writing. They also en-
gaged in self-directed practices such as speaking exercises, read-
ing, and note-taking. Through these repeated efforts, they report-

ed experiencing gradual improvements in their language abilities.

“So, when I'm on the phone, I have to say my name, and here
(pointing to his head) it makes sense, but it doesn’t come out of
my mouth, so I practice on my own... The name is the same,
but the actual pronunciation is different every time. I've also
tried saying other people’s names on my own. Sometimes it
works, and sometimes it doesn't work well” (P13, M/67, 3 days
after onset)

(3) Anticipation of recovery
As their speech gradually returned, participants experienced re-
lief and expressed optimism about continued improvement. Al-

though their speech remained incomplete, they articulated hope
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and confidence in the possibility of further recovery.

“At first, I was so scared... but now that I can speak a little... I
think things will get better. I'll be okay.” (P2, M/49, 2 days after
onset)

Discussion

To explore the experiences of aphasia among patients with
acute stroke during hospitalization, we conducted in-depth one-
on-one interviews with 14 participants. Through qualitative con-
tent analysis, five categories emerged, encompassing the sudden
loss of language, its psychological and emotional consequences,
communication challenges, supportive patient-centered interac-
tions, and the recovery process. Together, these categories were
integrated into the overarching theme “communication beyond
language;” illustrating how patients with acute aphasia sought and
experienced meaningful interaction despite language limitations.

The first category, “suddenly trapped in silence,” vividly illus-
trates the abrupt loss of language function, in which familiar
words suddenly become unspoken or incomprehensible. Previous
studies have described the aphasia experience as “living in a for-
eign country” [23] or “I am not mad, I am not deaf” [13]. Com-
pared with these earlier accounts, the subcategories and codes
identified in our study capture more specific and realistic aspects
of language loss, particularly the disruption of both motor and
sensory functions of speech. The phenomenon reported by par-
ticipants—clearly formulating words internally but being unable
to vocalize them—represents a novel and often disconcerting ex-
perience for both patients and their caregivers [24]. This study
highlighted that the onset of acute aphasia is abrupt and unpre-
dictable, leaving patients and their families little time to recognize
or come to terms with the condition. Nurses caring for patients
with aphasia should therefore provide practical information about
these symptoms and respond with empathy to help reduce confu-
sion and anxiety among patients and their families.

The second category, “emotional impact,” reflects the profound
psychological and emotional consequences of sudden language
loss. Previous studies have emphasized the importance of early in-
tervention, noting that emotional turmoil in the initial stages of
aphasia can hinder recovery and exacerbate social isolation. Moss
et al. [25] suggested that achieving emotional stability should be
considered a top priority in the treatment and recovery of patients
with aphasia. Similarly, Kao and Chan [26], in a large-scale cohort
study, found that patients with aphasia had a 1.73-fold higher risk

of developing depression within 1 year after stroke, warning that
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early psychological shock may progress to chronic depression.
Nevertheless, in clinical practice, acute stroke management often
overshadows attention to patients’ psychosocial concerns. This
challenge is compounded in patients with aphasia, who face sig-
nificant barriers to expressing their emotions, making it difficult
for clinicians to accurately assess their psychological state. To ad-
dress this gap, Baker et al. [27] emphasized the importance of ear-
ly identification of emotional states using mood screening tools,
and Murphy et al. [28] reported that the Stroke Aphasia Anxiety
and Mood Screen is an effective instrument for detecting anxiety
and depression even in the presence of language limitations.

The third category, “communication crisis,” captures the re-
stricted communication experienced by patients during acute
hospitalization that results from language loss, a difficulty most
evident in interactions with medical staff. Similar findings have
been reported in previous studies. Anemaat et al. [29] noted that
the majority of negative experiences among patients with aphasia
arise from hospital-based communication with healthcare provid-
ers. Carragher et al. [13] further emphasized that when medical
staff focus exclusively on physical problems or lack appropriate
communication skills, patients’ feelings of being misunderstood
and alienated are exacerbated. A qualitative study also reported
that while nurses acknowledged the importance of communica-
tion with patients with aphasia, they often encountered practical
barriers that hindered effective interaction. In turn, these chal-
lenges left nurses with feelings of guilt and underscored the need
for systematic training to improve communication [16]. Conse-
quently, practical guidelines and educational programs for inter-
acting with patients with acute aphasia are essential, along with
environmental and institutional support within hospitals [11,30].
Such institutional support may include provision of audiovisual
materials and augmentative and alternative communication tools,
access to quiet consultation spaces, and multidisciplinary, team-
based communication systems [30].

The fourth category, “patient-centered interaction,” reflects the
positive attitudes and behaviors of healthcare professionals as ex-
perienced by patients despite profound language limitations. Prior
studies have demonstrated that even among patients with severe
communication difficulties, therapeutic relationships can be culti-
vated through authentic and respectful communication, which
significantly influences the overall treatment process [31]. Patients
are more likely to actively participate in communication when
they feel equally respected; conversely, when medical staff adopt a
task-oriented approach, communication remains constrained,
even with the use of augmentative and alternative communication

tools [14]. In contrast, strategies such as maintaining a calm tone
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of voice, establishing eye contact, employing appropriate humor,
and demonstrating respect have been shown to facilitate mean-
ingful exchanges [32]. These findings suggest that patient-cen-
tered interactions rely less on specific communication techniques
and more on healthcare providers’ attitudes and patients’ percep-
tion of being valued. As the closest caregivers to patients, nurses
play a pivotal role in fostering communication and trust through
person-centered approaches [33].

The final category, “emerging hope,” illustrates how patients
with acute aphasia gradually regained emotional optimism as
their language abilities began to recover. Language functions often
improve within weeks of stroke onset, with expressive abilities
typically recovering more quickly than comprehension [10]. Con-
sistent with this pattern, participants reported faster recovery of
specific words and speech production than of language compre-
hension. Nevertheless, the recovery process was described as er-
ratic, fluctuating, and often incomplete. Post-stroke aphasia can
persist into the chronic stage and present in diverse ways depend-
ing on lesion location and rehabilitation intensity [34]. These
findings indicate that recovery from aphasia is shaped not only by
the natural course of neurological healing but also by patient mo-
tivation and sustained effort. Accordingly, nurses should work
collaboratively with patients to recognize and reinforce signs of
recovery, providing encouragement that helps patients sustain
hope throughout the rehabilitation process.

The 2025 European Stroke Society guidelines recommend ex-
panding the goals of aphasia rehabilitation beyond language resto-
ration to encompass everyday communication, social participa-
tion, and enhanced quality of life. They further propose a range of
strategies, including high-intensity individualized speech therapy,
integration of digital tools, and group-based interventions [35].
Additionally, innovative approaches are emerging, such as simula-
tion-based nurse training programs designed to strengthen pa-
tient advocacy and enhance emotional empathy [36]; Apha-
sia-GPT, an artificial intelligence-driven program that supports
language expression by reflecting patients” intentions and context
[37]; and digital platforms enabling home-based language
self-training [38]. Within this context, nurses caring for patients
with aphasia can apply the person-centered communication strat-
egies identified in this study to support practical communication
and optimize the impact of these cutting-edge interventions.

This study provides an in-depth exploration of the experiences
of acute stroke patients with aphasia during their hospitalization.
Its primary contribution lies in capturing the distinctive features
of the acute phase—abrupt language loss, profound confusion,

and the complex interplay between urgent medical decisions and
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communication barriers. While previous research has largely fo-
cused on post-stroke aphasia, few studies have examined the acute
phase, when patients experience the most severe communication
crises amid intensive treatment and critical decision-making.

The findings advance both theoretical understanding and clini-
cal practice. First, by illuminating patients’ perspectives during the
acute phase, this study reveals that aphasia extends beyond a lin-
guistic impairment to encompass deep emotional and psychoso-
cial challenges requiring holistic care. Second, the themes and cat-
egories identified provide an empirical foundation for developing
person-centered nursing interventions tailored to the acute stage.
Third, these insights inform clinical education by highlighting the
need to equip healthcare professionals to address the multifaceted
difficulties faced by patients with acute aphasia.

For nursing practice, the results underscore the importance of
early psychological assessment, empathetic communication, and
active patient engagement in decision-making. Nurses should
provide timely information about aphasia, recognize early signs of
recovery, and foster hope while supporting patients’ autonomy
throughout the recovery process.

This study has several limitations. First, stroke patients often
experience multiple physical symptoms, including hemiplegia, in
addition to language impairment. These comorbidities may have
influenced participants’ descriptions of their aphasia experience.
Although the authors carefully examined participants’ accounts to
distinguish language-specific experiences, the potential influence
of physical impairments cannot be completely excluded. Second,
due to the nature of aphasia, some participants continued to face
communication challenges; although repeated confirmation and
nonverbal strategies were employed to supplement interviews, not
all experiences may have been fully conveyed. Third, data beyond
the scope of the interview guide—such as patients” experiences
with family members—may not have been comprehensively cap-
tured. Fourth, this study was conducted at a single institution in
Korea, which may limit the transferability of findings to other
healthcare settings or cultural contexts. Future research should
therefore incorporate family interviews to provide a more holistic
understanding of patients’ experiences with aphasia and include

multi-site studies to enhance generalizability.

Conclusion

This qualitative study explored the experiences of 14 patients
with acute stroke-related aphasia through in-depth interviews.
Qualitative content analysis revealed the overarching theme of

“communication beyond language,” encompassing five intercon-
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nected categories that illuminate the complex journey from lan-
guage loss to emerging hope. Participants described the profound
emotional shock of suddenly losing language function, which in-
cluded difficulties in speaking and understanding speech. They
experienced significant communication challenges, exclusion
from decision-making processes, and, at times, withdrawal from
social interactions. However, person-centered interactions with
healthcare professionals—characterized by supportive, respectful,
and encouraging approaches—played a crucial role in helping
participants maintain hope and motivation for recovery. Based on
these findings, we recommend that nurses integrate consideration
of the emotional and psychosocial dimensions of aphasia into
communication interventions in clinical practice. The develop-
ment and implementation of comprehensive nursing education
and systematic training programs are essential to strengthen per-
son-centered communication skills and improve care for patients

with acute aphasia.
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Risk factors for the readmission of
patients with diabetic ketoacidosis:
a systematic review and meta-analysis

Hyerim Ji', Sun-Kyung Hwang?

'Emergency Medical Center, Pusan National University Hospital, Busan, Korea
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Purpose: This study aimed to identify risk factors associated with the readmission of patients with dia-
betic ketoacidosis (DKA) through a systematic review and meta-analysis.

Methods: A systematic literature review was conducted in accordance with the PRISMA guidelines.
Relevant studies were retrieved from international databases (PubMed, EMBASE, Cochrane Library, CI-
NAHL, PsycINFO, and Web of Science) and Korean databases (RISS, KoreaMed, KMbase, KISS, and DBpia).
Study quality was evaluated using the Newcastle-Ottawa Scale. Meta-analysis was performed using a
random-effects model with the Hartung-Knapp-Sidik-Jonkman adjustment to account for the limited
number of studies and heterogeneity.

Results: Fifteen studies were included in the review, and eight were eligible for meta-analysis. From
the systematic review, 21 risk factors for DKA readmission were identified and categorized into five
domains: demographic, socioeconomic, diabetes-related, comorbidity, and health-behavioral factors. In
the meta-analysis, significant risk factors included low income, psychiatric disorders, and discharge
against medical advice.

Conclusion: This study demonstrates that DKA readmissions result from the complex interplay of multi-
ple clinical and social factors. By identifying these risk factors and suggesting risk-stratification criteria,
the findings may support the development of tailored interventions, such as self-management edu-
cation, integrated mental health care, structured discharge planning, and coordinated post-discharge
follow-up.

Keywords: Diabetic ketoacidosis; Meta-analysis; Patient readmission; Risk factors; Systematic review
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[ Identification of studies via databases and registers ] [ Identification of studies via other methods ]
Records identified from: Records removed before
- Databases (N=747) screening: Records identified from:
2 * PubMed (n=135) « Duplicate records removed « Websites (n=1)
g * Embase (n=481) (n=188)
= * CINAHL (n=56)
E « Cochrane (n=16)
- * PsycINFO (n=1)
« Web of Science (n=58)
Records screened (n=559) |—> Records excluded (n=505)
« Title (n=478)
« Abstract (n=27)
[=2]
g v \ 4
s Reports sought for retrieval Reports not retrieved (n=33) Reports sought for retrieval .
L R t t ret d (n=0
K | | (n=54) « No full text due to abstraction | | (n=1) *| Reports not retrieved (n=0)
(n=33)
A4 A\ 4
Reports assessed for Reports excluded (n=7) Reports assessed for eligibility _
eligibility (n=21) . Included children (n=4) (n=1) | Reports excluded (n=0)
« Included adolescents (n=3)
A4
= Studies included in review
§ (h=15) -
S Studies included in meta- |~
[ = .
= analysis (n=8)
Figure 1. Flow chart for study selection.

2 AFolA= WEHEA i S AAsH] sl AAA 9 Az Al B2 S 2L 99 Hedge's g2 AM8-8H9ITh o]& 0.20-
o] ZgHE £ F iR glo] Y FARES e R dY 0.50 =gk Z}— a3}, 0.50-0.80 P2 F7 &3, 0.80 o] &
2o B4L Bs AT00), thE SR ATee AXeE,  ana/E ouchs2). A3 Ame] S4o) Het A= ke w3}
15 2 712 S AoV D B4 A9 AAEA] kol axt=7] 7] AEE A Ed, o2 ARoE 54| (odds ratio

AL, 199] -t 2 ATL21]7F B o] ALAA T} AJolst A
TEL WA WS S35k 22 Aot Yot AlQjskaint

(Supplementary Table 1), o]0 wie} 2F2 02 8HO| B3-S tjA}
0= meHRAE FPotgint. ZF A4 9] AU AP Al o
3t =& B eSO I E SO BiE avar]E Hesto]
Bt AA7)E AREcllon, B4 7hett 5YE S8 B
A4 HlolE7F K Ao gsfl vkt 3skainh
AAE B9 Itz 5442 Rt WiEgR folglor, 7+ <
TolA BHard Rk, BlE, B, BEHA 59 7|2 EAF L ERH
R program (The R Foundation for Statistical Computing)< A&
sto] EE9HE a7 E AL, forest plotE 53] ZF 2719
A AEE 2IAES) LAY YT} TS SISl 2
< E2oMEe a7 I 2 Aol IeEE, A4Y
£=9] HF3}E HHAo](standardized mean difference [SMD])
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SFRTH32]. 2 Ato] weHE Ao 23k A
oA +=H FS Toto], B} opofst @5’ | ‘34‘?}9}01'@ 751
85171 flafiAl AP AARF O T FASHATH33]. AT $7F 23
EIRE Hg= F, ks, B4, Gl Y A9, 18, Charl-
son §HAEA]4x(Charlson comorbidity index [CCI]), &%, #|
214, AlE9 5 OheTh ol e AT 7} M7k o]
Ko 24 1540l £ A9, BE
@& 1% 028 T 24T 4
olo]l o} B o] 1 Qg A Q1 242 9 H Hartung-Knapp-
Sldlk—]onkman (HKS)) B4 A&star, A 1F 4Kt )2 Si-
dik-Jonkman F425 STHHT A5 fI8iA
AZ+A AAHPHOZ funnel plot& ARE-5F9It Funnel plotof A+
a=7] gole o] Hako] ok - tiA A<l K-S HolH, Hl
ARl A= Hlole o] WiFo] E2
Aol 23 £9S o E 9 £ E}% OMZL% -E‘—*i%
stz st ot Al Gy $EA Yo R B g A+ 6HTS
2 37} 2498 st A9 Bl BTG gk ¢ o
T AU, AP A2Y G RS WA Z EA2 T
W S8 A3t 7ol Bt st911F B4
o}H36,371.

9] DerSimonian-Laird =

2t

1. HAY 210 d
1) MAX 2 0E iy A g

£ A7 AAA 1] 23H £ F 15H0F, AF
EAS 20Ax, ATRE, 74
201090l 4 20200] Z3HE A7} 8H(53.3%), 20204 0] 3 At
7} 73(46.7%)°] Ak, %ﬂ%ﬂ n]=+o] 7H(46.7%) 0= 7wk
3, 71 Theo gl o= 2H(13.3%), AUt 2H(13.3%), olAZ 2
H(13.3%), T3, HutolA 2 13(6.7%4 0= At AFEA=
53FA T E AT 14H(93.3%), SA-tZ27 AF7F 13(6.7%)°]
ek ZF ER0A AT AP A& 4.1%014 BAR= 36.0%7H4]
R TH(Table 1).
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2) T H el

2 Aol G A4S DA A A H
AT-SATAHGAH), AH2173AZ (@), ity %?4_(4711) SREEEG
7N, AZEEHGN= F 21719 89& =&t ol AA4 &
Yargo] Z3tE 1589] Aol AAE AP AA LA F, FAF
AU FEEE de S0k, 21 ool R o= e
2R1Z Tz Akt o2t AdA7IE2 &3 1 s 49

638

9 BEA O] o] A S aresto], kA o] didat oA
ZHs17] 13 HA oA A=A

QA-EAIRH gllofA= ﬁ’i‘%‘ "é%, Q¥ 5 37HA 88lo] &4l
= Qlch. A¥o] ¥&4E(10,18,21,22,28,30,36], oj4do] FAdHt
[10,16,19,30,37], 18|21 H]‘ﬂ“ A1 Ao A1(21,29] MUY HFo] =
ATt AN AAA Q012 HE 9 AESLE Lo A AH 54
7HA 2 YERGTh Medicare-Medicaid 5 35 AR 7FIA}F

o

[10,29,37], ¥ AESF(10,18], =&Ah}t F2Q1 4-9(28,38] A
deEe] w90t B B 8902 Ty ‘63 T, A

A%, HbAlc 54 5 47MA2 Uepdeh 4119 S SR,
30,37, 9¥7|7ko] 71 3x}18,22.30], o w S Kchuk
16, 22,3691 A9 F180] SL00], HbALE 47 2
= 93 2go] BYstel AYY /HsAol Z7ekrHIS, 19,22,
28,36]. BRIASE 9912 vEQY, A3 Charlson 5HPSA|
(CQD, 9-2= AFAAge] 5711 AL}, 18Y F= AAA g o] Q1=
312}16,37], Charlson S8FESE]4~(CCI)7} =& $H4}H16,19,37],

727 9.85(18,37]01} 7]Ek HAESE 71 $AH15,19, 2010014
AALgo] of37) ket AAReY QAL A H]4S, Aol
IR e ﬁkﬁsu 571A]2 ek, A|mo] Ble=galrt
[19,22,31] Z}.JE] 2 73%[10,16,37], &-91[10,28,38], 25
(19], eFEd-8(21,37- 39]01 e 73 AU Aol wdt

rlo

>4

3) & Gt

2% 1579 232 NOSE ARgslo] 14Ho] FTE A9} 19
o] At 2 Ao et A B7HE AIYotGith 14HO] T E
Aol A Wt PHFESE 74807 1410 =Fo| BT Yeig]g]
th 8HO 32 T 7HollA AFEHAL, 68O ZHL v &
F=9] M=t dlojgHjo] A A= E ARSSIAY ATk 571 ¥ ant
u]=9] 117 9] A=E ARgsto] EAsg7100 “AE FoHofAf
£ 6H0] B3lo] A BrixAES BT WEotgch v 74 9
Ao A= 1409 EoJA] TSRS BR 10}71 Hﬂ 8 Hgo
SAZ} olFoi Rk 7Y ol 148
ol-gste] HlolElE Aok, Ha wioﬂH atﬂ 15@9} 28

H

3 2H71702 SR Jel ge] BHeld FAuE A
L Yok IOIA ol Bl et TAH Aol B3
o, 8 WAGBAH Hef 5 Folshy 2okn 5 34 B BT
24 dttK(Table 2).

189] btz 479 A WAL 890 w9l
e Jolol i SR o] AAH R Sayslo] Aol &
BEQIT R FUG doleluo]2ofA] A Eo] mTe] o
#4o] ngElol d WAXASS BE wEsiedh. WL s
AR il 2A28 sl E B SRS 3oz 4
HAEAL FEAAT). AR 2L B A thEzolA
S99 YO 1k W) ABHSIA, e e B
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Significant factors (p<.05)
crine consultation (reducing readmission rate)
Young age, female gender, longer duration of DM,

charge, hypertension, CKD, smoking
T2DM: 66.4+13.2 DKA (T1DM: 12.7; T2DM: T1DM, glucose-lowering drugs, high CCI

Readmission (%)
diagnosis of DKA (13.9)

ization during 2-year
T1DM: 46.7+17.7 Two or more times with

period (12.5)
Readmission with primary Medicare insurance, high Elixhauser index, endo-

At least one DKA hospital- High mean age, female gender, CCl 23, AMA dis-
6.2)

Age (yr)
359
46.0+£18.0

Sample
Gender
M (56,349)
M (249)

531 F(282)
264,687 -

Size
112,964 F(56,615)

DM
T1DM
T2DM

1998-2013 T1DM
T2DM

Type of
2018
2015-2016 T1DM

Study date

Study design

cohort

cohort
Retrospective

Retrospective
cohort

Retrospective

Country

USA

Author (year)

(2020)
15 Zhong et al. [30] UK

(2021)
(2018)

AMA, against medical advice; CCI, Charlson comorbidity index; CKD, chronic kidney disease; DKA, diabetic ketoacidosis; DM, diabetes mellitus; ESRD, end-stage renal disease; F, female; HbAlc,

hemoglobin Alc; IQR, interquartile range; LOS, length of stay; M, male; TIDM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.

Values are presented as number, meanztstandard deviation, or median (IQR), unless otherwise stated.
“Studies included in Meta-Analysis. “Indicates median (IQR).

Table 1. Continued
13 Shaka et al. [16]” USA
14 Xu et al. [29]

No.

of glo] =& e Y% FEoIA Y WRAL FH3%

2 A
2] B} tH(Table 2).

2. HE}ZA

AAA ERDE ol 435 158 £A FolA vjekeA
B BRI 878 3504 Re 68 ALdeha 9ne) BE 5

TAAZE Folgt 1HE ATt 8o FTE HA EHS o=
AtH10,16,19,22,36-39]. & wefEAjo] E}hE
8HO| ATES FHHAEASORE AT A F AU oRE

2 H v At FAF R 8HO Aof|A] HE A
2 23] ol st SO R, a2 T Jd T
2 FEselet, o] F 282 ﬂc’l 30 01141 AU RS

1) MU flgele sng7|

TEAHA 2912 A, JE 2719 W& refste] & 8H
Blo A 15719 B33 715 AFE3}9ITH10,16,19,22,36-39]. &
ol sl e Bt P 2-8-oto] AT A}, A, JHE
5 BAH O R {oJotA] FekrH(Table 3).

ABIBAIA 2212 B, AA59] 2719] ¥4E 112ste] F 5
o] ER0l4] 87119] BFA7]E AFEotITHI0,16,19,37,39]. HE §
ol sl HHaTNHFS A-gsto] AT A, AAL52 4749
A AR EE o]ddo] ERIE(*=95.14, Q=19.19, p<.001),
F337] log ORL 0.18 (95% confidence interval [CI], 0.10-0.26;
t=7.05, p=.006)= -F-2lo}A UEtith. ¥, BE2 BAH0R &
9J5}A] ekth(Figure 2, Table 3).

] I Q18 YirH SH7|7F HbAlce] 2719 H4E &
Soto] & 5O EHoA 8719 A7 E ARESFATH 9,22, 36,
38,39]. X W] o] NP EH R FS H-goto] EA5 A,
= {7170 HbAlcs 2% BAZ SR [olokA] gokth(Table

ro
o

40

9]

=
-

B P

o] & ¥aE Hig 7Ho| ZRICRRE F 7MY anr|E Ake
SHTH16,1 T?HﬁH %@EF}E;O% 283}

g 4do] uf$- LA urE};Fu}(P:l.%, Q=0.27, p=.876). a3t37)(log
OR):= 1.04 (95% CI, 0.61-1.46)2 UtER}on o]= Av} AFA9
upy 9j3o] GoJ5lA] Z7Heke OJu|gk(t=10.44, p=.009). B,
AGAT BAH 02 FolokA] O—}S&E}(Figure 2, Table 3).
73 212 AFOEY, T4, =, EH8 M9 HEE
2Eoto] F 7HI —E#fdoﬂﬂi 13719 a3371E A&t
[10,16,19,22,36-38]. &= H4=o] o] WP GHH P 485t &
A5 A3, Aol E| YL 2719] AF-AIRRE o] FRIE e
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Study Log OR (95% CI) F Y
w0
~
5 -
Del Degan et al. [19] (2019) - 0.46 (-0.14 to 1.06) 5 °
Everett et al. [10] (2019) n 0.20 (0.18 to 0.22) 5 o
Hurtado et al. [37] (2019) i m 0.14 (0.12 to 0.16) T S
Shaka et al. [16] (2021) Pom 0.19 (0.15 to 0.22) S
+ FoR-]
Random-effects model — 0.18 (0.10 to 0.26) n § .y
T i T T ] ©
-0.5 0 0.5 1 1.5 9 - .
. . o T | T I I T I
Standardized mean difference 04 02 0 02 04 06 08
Log OR e
o
Study Log OR (95% ClI) -
g
. o
Del Degan et al. [19] (2019) P o— 1.04 (0.44 to 1.64) e 1
Hare et al. [38] (2021) ———=————1.22 (-0.08 to 2.53) e g |
Peedikayil et al. [39] (2024) 0.64 (-1.17 to 2.45) 5 S
5 3 .
Random-effects model S 1.04 (0.61 to 1.46) o g
M T | T T 1 -
-2 -1 0 1 2 3 & 4 0
[S] T T T T T
Standardized mean difference 1 0 1 2 3
Log OR 9
o
Study Log OR (95% CI)| § |
5 S
Everett et al. [10] (2019) 058(053t00.62) o &
Hurtado et al. [37] (2019) — . 0.59 (0.56 to 0.63) 8 ©
S .
n oz -
Random-effects model 0.59 (0.49 to 0.69) b= .
T T \ \ 1 2 | . .
045 051 057 064 0.7 o | . . —
Standardized mean difference 054 056 058 068 062 064
Log OR

Figure 2. Forest plots(left) and funnel plots(right) of significant risk factors for diabetic ketoacidosis (DKA) readmission. (A) Low income. (B)
Psychiatric disorder. (C) Against medical advice (AMA) discharge. CI, confidence interval; OR, odds ratio.

9(P=3.71, Q=0.30, p=.585), 7L &7}77] log OR 0.59 (95% CI,
0.49-0.69; t=73.82, p=.009)= REJSHA| Letsiet. wHd, £, &
F, FeEE2 AR FolotA] oktHFigure 2, Table 3).

weba] HER A A AAES Zdk FAFSo] 9 AL 1
2] 7 2] B U3t At i HA EARE gkato] Al 93} 59
3 ope] AL Bor,

2) £7t 24
£ A7 sehR o] 29 SH] BA 5 AI1Y Ty Bt
642

g ooz Ane HUT 6u| BUS o]gs
Yo} H10,16,19,22,38,39] (Supplementary Table 2). 1
Z Q918 Ay AHHES %3519 01,]- EAF O R §oJu|5}A] Uk
ok ARRIAAIE 812 HY, ALsS
ojuigt QgL weirkp=.022), T ¥
stlom, SAIA R Fou]skA] gigktt. FRbEE 89l
S xglelgion, HAl 7<1§_}(p .009)2 A
o B9, a79d ade 59, 95
(p=.002)7} A AL -5t #HH

>
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Table 3. Results of the meta-analysis (N=8)

Homogeneity test

Risk factors k ES 95% Cl 95% Pl t p & a 5 Model
Demographic

Age 7 -0.10° -0.28 to 0.08 -0.56 to0 0.35 -1.35 224 99.14 59.04 <.001 Random

Female gender 8 0.09” -0.18t00.36 -0.62to0 0.81 0.82 441 99.39 48.47 <.001 Random
Socioeconomic

Medical insurance 4 074" -068t02.16 -2.321t03.80 1.66 195 99.97 4,557.26 <.001 Random

Low income 4 018" 0.10t0 0.26  -0.05 to 0.41 7.05 .006 95.14 19.19 <.001 Random
Diabetes-related

DM duration 3 -063" -285t0159 -495t03.69 -1.22 .346 95.07 4445 <.001 Random

HbA1c 5 0327 -0.02to0.66 -0.40 to 1.04 2.63 .058 67.83 10.98 .027 Random
Comorbidity

Renal disease 4 050” -1.10to 2.1 -2.67 to 3.67 0.99 393 99.83 1,198.50 <.001 Random

Psychiatric disorder 3 1.04” 0.61 to 1.46 0.47 to 1.60 10.44 .009 1.99 0.27 .876 Random
Health behavior

AMA discharge 2 059" 0.49 to 0.69 0.47 to 0.70 73.82 .009 3.71 0.30 .585 Random

Smoking 4 048" -069to 164 -1.99to2.94 1.31 .283 99.88 27.42  <.001 Random

Alcohol 4 054” -031to1.38 -0.95 t0 2.02 2.02 137 59.71 13.36 .004 Random

Drug abuse 3 067Y -007to1.42 -0.68 to 2.02 3.87 .061 49.84 2.35 .309 Random

AMA, against medical advice; CCI, Charlson comorbidity index; CI, confidence interval; DM, diabetes mellitus; ES, effect size; HbAlc, hemoglobin

Alg; P, prediction interval.
“Standardized mean difference. ¥Log odds ratio.
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Appendix 1. Search strategy (international databases, domestic databases)

DB No.

Search query Results

PubMed  #1
#2

#3
#4
#5

#6
#7
#8
Embase  #1
#2
#3

#4
#5
#6

#7
#8
#9
CINAHL ~ #1

#2

"diabetic ketoacidosis”"[MeSH Terms] 7,902
"hyperglycemic cris*"[Title/Abstract] OR “hyperglycemia cris*'[Title/Abstract] OR “hyperglycaemic cris*[Title/Abstract] OR 10,210
“hyperglycemic state*"[Title/Abstract] OR “"hyperglycemia state*"[Title/Abstract] OR “hyperglycaemic syndrome**[Title/
Abstract] OR "hyperglycemic syndrome*"[Title/Abstract] OR "hyperglycemia syndrome*“[Title/Abstract] OR “hyperglyce-
mic emergenc*[Title/Abstract] OR “hyperglycaemic emergenc*[Title/Abstract] OR “diabet* emergenc*"[Title/Abstract]
OR "diabet* ketoacidos*"[Title/Abstract] OR “diabet* acidos*"[Title/Abstract] OR “diabet* ketos*"[Title/Abstract]

#10R #2 12,893
“patient readmission"[MeSH Terms] 24,780
“readmission*"[Title/Abstract] OR “re admission*"[Title/Abstract] OR “rehospitaliz*"[Title/Abstract] OR “rehospitalisa*"[Title/ 60,353

Abstract] OR "“re hospitaliza*'[Title/Abstract] OR “recurrent admission*"[Title/Abstract] OR “recurrent dka admission*"[Ti-
tle/Abstract] OR “recurrent hospital admission*"[Title/Abstract] OR “recurrent hospitalization*[Title/Abstract]

“readmit*"[Title/Abstract] AND ("hospital”[Title/Abstract] OR “patient*"[Title/Abstract]) 10,636
#4 OR #5 OR #6 65,213
#3 AND #7 (85
‘diabetic ketoacidosis'/exp OR ‘diabetic ketoacidosis' 22,787
((hyperglycemic OR hyperglycemia OR hyperglycaemic) NEAR/2 (crisis OR crises)):ti,ab 415
(hyperglycaemic:ti,ab OR hyperglycemic:ti,ab OR diabet*:ti,ab) AND next:ti,ab AND emergenc*:ti,ab AND ((diabet* NEAR/1 67
(ketoacidos* OR acidos* OR ketos*)):ti,ab)
#1 OR #2 OR #3 22,951
'hospital readmission’[exp 114,003
readmission*:ti,ab OR 're admission*':ti,ab OR rehospitaliz*:ti,ab OR rehospitalisa*:ti,ab OR 're hospitaliza*:ti,ab OR 'recur- 109,100

rent admission*:ti,ab OR 'recurrent dka admission*:ti,ab OR ‘recurrent hospital admission*:ti,ab OR 'recurrent hospital-
ization™:ti,ab

readmit*:ti,ab AND (hospital:ti,ab OR patient*:ti,ab) 23,475
#5 OR #6 OR #7 147,786
#4 AND #8 481
(MH "diabetic ketoacidosis") OR (Tl (hyperglycemic crisis OR hyperglycemia crisis OR hyperglycaemic crisis OR hyperglyce- 8,801

mic state OR hyperglycemia state OR hyperglycaemic syndrome OR hyperglycemic syndrome OR hyperglycemia syn-
drome OR hyperglycemic emergency OR hyperglycaemic emergency OR diabetes emergency OR diabetes ketoacidos OR
diabetes acidosis OR diabetes ketosis) OR AB (hyperglycemic crisis OR hyperglycemia crisis OR hyperglycaemic crisis OR
hyperglycemic state OR hyperglycemia state OR hyperglycaemic syndrome OR hyperglycemic syndrome OR hyperglyce-
mia syndrome OR hyperglycemic emergency OR hyperglycaemic emergency OR diabetes emergency OR diabetes ketoac-
idos OR diabetes acidosis OR diabetes ketosis))
((MH "readmission”) OR (TI((readmission OR re-admission OR rehospitalization OR rehospitalisation OR re-hospitalization 17,777
OR recurrent admission OR recurrent DKA admission OR Recurrent Hospital Admission OR recurrent hospitalization)))
OR AB ((readmission OR re-admission OR rehospitalization OR rehospitalisation OR re-hospitalization OR recurrent ad-
mission OR recurrent DKA admission OR Recurrent Hospital Admission OR recurrent hospitalization)))

#3 #1 AND #2 56
Cochrane #1 (hyperglycemic OR hyperglycemia OR hyperglycaemic) NEAR/2 (crisis OR crises):ti,abkw 45
#2  (hyperglycaemic OR hyperglycemic OR diabet*) NEXT emergenc*:ti,ab,kw 16
#3 diabet* NEAR/1 (ketoacidos* OR acidos* OR ketos*):ti,ab,kw 1,028
#4 [Diabetic Ketoacidosis] explode all trees 224
#5 #10R #2 OR #3 OR #4 1,062
#6 [Patient Readmission] explode all trees 1,693
#7 readmission*:ti,abkw OR re-admission*:ti,ab,kw OR rehospitaliz*:ti,ab,kw OR rehospitalisa*:ti,ab,kw OR re-hospital- 13,491
iza*:ti,ab,kw OR "recurrent admission":ti,ab,kw OR “recurrent DKA admission":ti,ab,kw OR “Recurrent Hospital Admis-
sion":ti,abkw OR “recurrent hospitalization”:ti,ab,kw
#8 (readmit*:ti,abkw AND (hospital:ti,ab,kw OR patient*:ti,ab,kw)) 937
#9 #6 OR #7 OR #8 13,857
#10 #5 AND #9 16
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Appendix 1. Continued

DB No. Search query Results
Web of  #1 (ALL=(diabetic ketoacidosis)) OR ALL=("hyperglycemic cris*'[tiab] OR "hyperglycemia cris*"[tiab] OR "hyperglycaemic 10,325
Science cris*[tiab] OR "hyperglycemic state*"[tiab] OR "hyperglycemia state*"[tiab] OR "hyperglycaemic syndrome*"[tiab] OR
"hyperglycemic syndrome*"[tiab] OR "hyperglycemia syndrome*"[tiab] OR "hyperglycemic emergenc*"[tiab] OR "hyper-
glycaemic emergenc*"[tiab] OR "diabet* emergenc*'[tiab] OR "diabet* ketoacidos*"[tiab] OR "diabet* acidos*"[tiab] OR
"diabet* ketos*"[tiab])
#2  ((ALL=(patient readmission)) OR ALL=((readmission*[tiab] OR re-admission*[tiab] OR rehospitaliz*[tiab] OR rehospitalisa*[- 36,876
tiab] OR re-hospitaliza*[tiab] OR "recurrent admission*"[tiab] OR "recurrent DKA admission*"[tiab] OR “recurrent hospi-
tal admission*"[tiab] OR “recurrent hospitalization*"[tiab]) OR (readmit*[tiab] AND (hospital[tiab] OR patient*[tiab]))))
#3 #1 AND #2 58
RISS #1 YEYHELS OR FxEAEMEE OR G EHELS 114
#2 MUH 167
#3 #1 AND #2 0
Korea-  #1 (diabetic ketoacidosis[MH]) OR ((((((((("hyperglycemic crisis"[TIAB] OR "hyperglycemia crisis"[TIAB]) OR "hyperglycaemic 220
Med crises"[TIAB]) OR "hyperglycemic state"[TIAB]) OR "hyperglycemia state"[TIAB]) OR "hyperglycaemic syndrome"[TIAB])
OR "hyperglycemia syndrome"[TIAB]) OR "hyperglycemic emergency"[TIAB]) OR "hyperglycaemic emergency”[TIAB]) OR
"diabetic emergency"[TIAB]) OR "diabetic Ketoacidosis"[TIAB])
#2 ((readmission[ALL] OR rehospitalization[ALL]) OR “recurrent admission"[ALL]) 443
#3 #1 AND #2 0
KMbase #1 diabetic ketoacidosis 143
#2 (readmission) OR (rehospitalization) OR (recurrent admission) 226
#3 #1 AND #2 0
KISS #1 A EMS OR HAELNES OR SHAEES 160
#2 U 167
#3 #1 AND #2 0
DBpia #1 FxHAHEMS OR FHAHELNES OR SHAEES 104
#2 A 225
#3  #1 AND #2 0
https://www.jkan.or.kr 649
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Appendix 2. Included studies in systematic review

Al. Azevedo LC, Choi H, Simmonds K, Davidow ], Bagshaw SM. Incidence and long-term outcomes of critically ill adult patients with
moderate-to-severe diabetic ketoacidosis: retrospective matched cohort study. J Crit Care. 2014;29(6):971-977. https://doi.
org/10.1016/j.jcrc.2014.07.034

A2.Del Degan S, Dubé E Gagnon C, Boulet G. Risk factors for recurrent diabetic ketoacidosis in adults with type 1 diabetes. Can ] Diabe-
tes. 2019;43(7):472-476. https://doi.org/10.1016/j.cjd.2019.01.008

A3. Everett E, Mathioudakis NN. Association of socioeconomic status and DKA readmission in adults with type 1 diabetes: analysis of the
US National Readmission Database. BMJ Open Diabetes Res Care. 2019;7(1):000621. https://doi.org/10.1136/bmjdrc-2018-000621

A4. Gibb FW, Teoh WL, Graham J, Lockman KA. Risk of death following admission to a UK hospital with diabetic ketoacidosis. Diabeto-
logia. 2016;59(10):2082-2087. https://doi.org/10.1007/s00125-016-4034-0

A5. Golbets E, Brandstaetter E, Sagy I, Zimhony-Nissim N, Lipnitzki I, Musa H, et al. Predictors and outcomes of recurrent diabetic keto-
acidosis in Israeli adults. Diabetes Metab Syndr. 2021;15(5):102276. https://doi.org/10.1016/j.dsx.2021.102276

A6. Hare MJL, Deitch JM, Kang MJY, Bach LA. Clinical, psychological and demographic factors in a contemporary adult cohort with dia-
betic ketoacidosis and type 1 diabetes. Intern Med J. 2021;51(8):1292-1297. https://doi.org/10.1111/im].14877

A7. Hurtado CR, Lemor A, Vallejo E Lopez K, Garcia R, Mathew J, et al. Causes and predictors for 30-day re-admissions in adult patients
with diabetic ketoacidosis in the United States: a nationwide analysis, 2010-2014. Endocr Pract. 2019;25(3):242-253. https://doi.
org/10.4158/EP-2018-0457

A8. Liao WT, Lee CC, Kuo CL, Lin KC. Predicting readmission due to severe hyperglycemia after a hyperglycemic crisis episode. Diabetes
Res Clin Pract. 2022;192:110115. https://doi.org/10.1016/j.diabres.2022.110115

A9. Lohiya S, Kreisberg R, Lohiya V. Recurrent diabetic ketoacidosis in two community teaching hospitals. Endocr Pract. 2013;19(5):829-
833. https://doi.org/10.4158/EP13057.RA

A10. Lyerla R, Johnson-Rabbett B, Shakally A, Magar R, Alameddine H, Fish L. Recurrent DKA results in high societal costs: a retrospec-
tive study identifying social predictors of recurrence for potential future intervention. Clin Diabetes Endocrinol. 2021;7(1):13. https://
doi.org/10.1186/s40842-021-00127-6

A11. Michaelis M, Shochat T, Shimon I, Akirov A. Features and long-term outcomes of patients hospitalized for diabetic ketoacidosis. Dia-
betes Metab Res Rev. 2021;37(6):e3408. https://doi.org/10.1002/dmrr.3408

A12. Peedikayil ], Reddy S, Nair R, Gunasekaran U, Nelson C, Shakoor M, et al. Social and metabolic characteristics associated with multi-
ple DKA admissions at a large county hospital. ] Endocr Soc. 2024;8(3):bvad173. https://doi.org/10.1210/jendso/bvad173

A13. Shaka H, Aguilera M, Aucar M, El-Amir Z, Wani E Muojieje CC, et al. Rate and predictors of 30-day readmission following diabetic
ketoacidosis in type 1 diabetes mellitus: a US analysis. ] Clin Endocrinol Metab. 2021;106(9):2592-2599. https://doi.org/10.1210/cli-
nem/dgab372

Al4. Xu AC, Broome DT, Bena JE Lansang MC. Predictors for adverse outcomes in diabetic ketoacidosis in a multihospital health system.
Endocr Pract. 2020;26(3):259-266. https://doi.org/10.4158/EP-2018-0551

A15. Zhong VW, Juhaeri J, Mayer-Davis EJ. Trends in hospital admission for diabetic ketoacidosis in adults with type 1 and type 2 diabetes
in England, 1998-2013: a retrospective cohort study. Diabetes Care. 2018;41(9):1870-1877. https://doi.org/10.2337/dc17-1583
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Variables influencing digital health
literacy in older adults: a systematic
review and meta-analysis

Jin Hwa Park, Eun Ju Mun

College of Nursing, Daegu Catholic University, Daegu, Korea

Purpose: This study aimed to synthesize existing evidence on digital health literacy (DHL) among older
adults and to estimate the associations between related influencing factors through a systematic liter-
ature review and meta-analysis.

Methods: A systematic review and meta-analysis were conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) and Meta-Analysis of Observa-
tional Studies in Epidemiology (MOOSE) guidelines. Literature searches were performed across PubMed,
EMBASE, Cochrane Library, CINAHL, RISS, and DBPIA. The search and screening process was conducted
from December 24, 2023, to March 31, 2025. Effect sizes (ESr) using correlation coefficient for each
variable were calculated, and meta-analyses were performed using Microsoft Excel and R version 4.3.1.
Results: Forty-seven variables were identified, including two demographic, six physical, six behavioral,
23 psychosocial, and 10 cognitive factors. Meta-analysis results showed that physical, behavioral, psy-
chosocial, and cognitive factors had significant effects on DHL. Among these, digital information level
(ESr=.62; 95% confidence interval [Cl], 0.55 to 0.69) within the cognitive domain and technophobia
(ESr=-.55; 95% Cl, —0.47 to —0.40) within the psychosocial domain demonstrated the largest ESr.
Conclusion: Among factors influencing DHL, digital information level and technophobia showed the
strongest associations. These findings suggest that improving DHL in older adults requires a dual ap-
proach targeting both cognitive and psychosocial dimensions—enhancing digital information skills while
reducing technophobia—to effectively support digital engagement and health empowerment in this
population (PROSPERO registration number: CRD42023487486).

Keywords: Aged; Digital health; Health literacy; Meta-analysis as topic; Systematic reviews as topic
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DHL2 bAg dA 7]&9] @ o2 ¥ o IS v =9e
(3], COVID-19 ®iu] o= ¥ wHafet AISlE A =771 &
743k Aol Al w19l AAFE 42 FAISH] 1% 8% o]
E|TH8-10]. DHL =Qlo] A419] A7 EAIE si4dst] sl o
A9 A 7|48 wolso| 1l ARRTE 4= 9l XJAIS SRAFAIITH
81 ZREE A Y P& 716 B PS5 AR A4S 8
A5k, AP BeS FIA717] AlsliA= =219 DHL d53
2 #QlS jetsla] o] AlAdaly] At k2ol WSl

DHL “health literacy” 7Hd A Al2tstglom[12], Zd#}9] &7
3} JA471771%0) wAo] wet 543t ede] e 2 A (electronic
health literacy [EHL]) 7jio] A|7to] AubdAA] A2} wbdst Zo|ct
(3,11]. EHLZ 7H<lo] QIEjHlol A FRE A5k, osfstaL, B}
St Qe =807 QEYIA AlgEE ARAHES AMo| 23

o] urA 9H13). ¥hd, DHLS 7jQlo] QY& ofg} muty

77, 248 MEYS, 4% B ohEeold 52 X O
Aol AFEE AAHRE 2, olsfeha, g SO

[4,5], Zel=0] AH G Z
o] JoA-go] L& ErH14l gXE 71&9] Al HHog
ool AZH R Hstal, Hefshs B27} el 5 &
< &8 AoA A fAE WA V&R FAEUHE Yo
DHL3} EHLO] 7Rdo] S-Astel[3], ofg] AYAto]4 DHLI}
EHLE 593t ou|2 A8k QleH7,15].

F 9 | 59t DHL 3 Ao A o Hd3] =8 Ao} IA g
o] EHL 7ldo] AMEET QlE A& 1=stei[11], DHLE] 7]
EHL /i'9& Z3ts}o] 12919] DHL ¥ WIEw 43S 534
oz A& Part glet X% A F7HA] APAFol4l= DHLE
ot EHL 7ol 238 g50] A F 07 o]Fojx on[4,6,16-
18], =919 DHL #& WIS AL o2 13 A4 F5aic).
:¢19] DHL £& 113 A7} Qloull], #¢ 1 A= =9k

A dAe] A7E F/dote] B FHAE B | Hks B
Aoz AsiAshs A4 B4& AT HollA[19] Q19
DHL} # #i1E7e] #AE HFH o2 molsh= d] A|gh o]
=
olof] & Ao A= =019] DHL #& #olof tigt A7 2495
o)1 AAF o= wofetal weEAE B 9le] DHL #

Holo] a3ta71E AFH o Ao =N FF 12l9] DHL

271, AQHH HES B BolA

-

(@ o
O

e re

4 A4 @ DHL 842 Slot m2 a3 e Sfat 2
A

[ gskaat 4|9l
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2. A41=H

B A9 B2 1.919] DHL #& 1Rl gt AP A1E A|A
Zog yAsly e AS gho g, 1919 DHLE FJAA7|=
Aot HgF 9 FAZZ TP LS Y5t 7|2ARE AT Zol
o} ARl B4 ohg3t Aot

AA, <] k=919 DHL T dA-9] ke A4S FIght.

EA, =419} =919 DHL %Ed o] A B7HE AAgit

A, =i €] =2le] DHL #

A7)E AESt BAH fe 4*3% AR

E o= 9] 1-9lo] DHL 3 #IQle ZAFSH Mol Azt
A & 9 et ko], PROSPEROOﬂ

it
ofN
ol
r&"
2
)
P
M
ol
]
it

pi=p

porting Items for Systematlc Reviews and Meta- Analyses (PRIS-
MA) Z15o] AAE AAH &3 12 232013 Meta-Analysis
Of Observational Studies in Epidemiology (MOOSE) 7}o] =&}l
P11of we} egataict.

2. 23 MYIIE A N7 IE

! ,

343}93\1‘4- tf 4k (participants) 2 =Q1S EH*J o gt AL At
2, Atuit =919] A7 A7} vheFote] Aol Alghe FA] ek
E} SAl(intervention)i= DHL} & #Q19] UAE FH & A4
gk A, AFEAI(study design)= A-AT ] SAFO] AA= o]
ANV E S 7HeT FEA RAATE AASHRT Q19
DHL #& A7) zZ#Ql HAE fiste] iz (comparison)i}
Z7Houtcome)E AAISHA] gtrh £ A71E2 (1) =1 Hhi
A5 FEAA] R AT, (2) T Wl T AWHAE AAGHA|
A2 FAATE, MRS A, DA AT, (3) 9=, @) =g
Al E7F AT, (5) ZEEZ Bz oHAT, (6) ZAH, 257, TG E
2 A ATt

2R 299) A7 EH 0w 9] shaXo] AR
o AMsigion DHL 7jdo] A&xoa wasty glona
A4 A ARG T4 goret. Az BAAM 71702 20234
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129 2495 202449 19 129714, 27} BAANL 20249 19
1258 20254 3¢Y 3197HA]]c}. = £33 RISS, DBPIAC]
A 712 AAstglen, 9] #32 PubMed, EMBASE, Co-
chrane Library, CINAHLOJ 4] A 5}9]ct.

Aol gto]& el OR i OR AJYol” AND HAEd A
2|E2]A] OR HuAA A2 B 24 OR ed A2 H 24 OR YA
E2A] OR HAEz7dZ3H2 OR UL E2A] OR AEHY
27238 OR AFHAHAE =513 Yol2e Aged
OR elder* OR old* OR aged person OR aging OR senior AND
‘computer literac* OR digital health literacy OR digital health
OR digital literacy OR digital disparity OR digital divide OR
technology literacy OR technology disparity OR technology di-
vide OR health technology literacy OR mbhealth literacy OR
m-health literacy OR mobile health literacy OR mobile health
education OR ehealth literacy OR e-health literacy OR electronic
health literacy OR internet literacy OR internet health literacy
OR telehealth literacy OR tele-health literacy OR online literacy
OR telemedicine literacy OR tele-medicine literacy OR electron-
ic health information OR electronic health information literacy
OR web based health literacy’ & 35t tHAppendix 1).
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B oA £319] & H7M= Joanna Briggs Institute (JBI) [22]
9] “Critical Appraisal Checklist for Analytical Cross Sectional
Studies” 9] 871 FE-2 ARESHAITE & B7HET= AFTgA A7

[ Identification of studies via databases and registers

] [ Follow-up for identification of studies via databases and registers ]

Records identified from:
* CINAHL (n=9,585)

E « Cochrane (n=8,969) Recor@s removed before

§ * DBPIA (n=66) screening:

£ = | * Duplicate records removed
g * Embase (n=774) up!

2 * PubMed (n=3,689) (n=8,398)

=

« RISS (n=208)
* Total (N=23,291)

Records identified from:
* CINAHL (n=647)

« Cochrane (n=277)

* DBPIA (n=99)

* Embase (n=1,544)

* PubMed (n=1,519)

* RISS (n=74)

* Total (n=4,160)

Records removed before screening:
»| * Duplicate records removed
(n=800)

[

—
— : :
Records title, abstract screened Records title, abstract excluded Records title, abstract screened _| Records title, abstract excluded
(n=14,893) | (n=14,767) (n=3,360) | (0=3,300)
_E" - T Reports excluded (n=109): * T Reports not retrieved (n=50):
§ Rr:?orts assessed for eligibility N N9t relate'd FO DHL (n=19) Rr:?orts assessed for eligibility »| * Not related to DHL (n=8)
£ (n=126) « Did not distinguish older adults (n=60) « Did not distinguish older adults
3 (n=19) (n=23)
| « No quantitative data on DHL ] « No quantitative data on DHL
(n=53) (n=18)
Studies included in review (n=17) : ]I;J otan anlc!e (n=7) Studies included in review (n=10) + Full-text article not found (n=1)
« Full-text article not found
— (n=11)
)
3 A
g Total studies included in review
E (n=27)

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram: study selection process. DHL, digital

health literacy.
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2 BYOBI £ 1, 49, A=47 84 9  U) BY0BI 29
29), SRWSo) Aot o] 484 1) 0B £F 39,

F4use] Aot B 484 1) ZYOBI £ 7H), A8
A 17 E(BI £ 8%), wekis: ¥l 27) BBl £ 5, 6
#)o] % 8o TAo] itk 2 2L o, oh e, BB
og o 174, 1 9t 0902 Brlstrk. BHel A Wbt da
2800l STHO2 WA AshS S| B4 2 ofclo] Aeh
A S A9 A7AE £o4S Fof golHe =2t

F

I

FZL2 AR, A, AF 3 =7} FEAY], AT
S (setting), HE5= W, thAAL Bt Uolet REHA}, o At
8, 948 23, DHL A%, DHL 3457, 99 92l 2 49
2(r) S EA 02 3=ZE3to] Microsoft Excel 2020 T2 13
(Microsoft Corp.)oll 71 =31}, @4 19l0] ole] that 44 2}

gota, =T W89 e gHstr] fiste] At 20lo] &
HHo ZAS AN & uA AESI

2F A% £3olA =% DHL ¥ Hls 5 o7t ARt
HQIE2 2919 AFAE gHefste] T wQle] oot SAHETE
5ol & sjhuto] Welo g E5st9irt. 9le] DHL T #iQle Al
BAT-E 7IHC R QIFeh, AAH, P&, AR, A
aglez FRstalle], #e WS HAE FA wAH), 74 o

Al-), BA §l(not significant) O 2 A Ao}t OJ?L@W E49
uje} DHL %jol& Bgh 7-5o0] Iglont A%, Ame Ao
A7 S S48 Al Aol AT, dERLAE 9
e SAGS AAISHA kot 1%, JEvg 23S HEREAS
R ver. 4.3.1 (The R Foundation for Statistical Computing) =1
e F8so] Basiglon, 24 olao] ARl 47 A7E Helo]
BFeE AEARG) S Fisher's Z2 MEstol, tha] 4BARE) ZHo
=AMt #E EEd 2347] 8142 Cohen [23]9] 7]
w2t a3=37] JuARES)7E 10ET 2 78 22 2],
30 ArolW =7+ a3+37], .50 O]N'O]‘:ﬂ & a7 E wHelel
a1, 95% A=k 28] BAA fodE At
2o AgS A =71, =2 @Eﬂ 7%, ERET A7
Aol 5& nstel 2 Apuich FUT AT THE 29T 4
o2 H7| o]#9[24,25], WH AL (random effect model)S A
45fo] Bastort. /i A7AIE 7ke] A4 o] @A (heteroge-
nelty)i forest plot, Cochran Qg} ¥ I*g}& o]&3sto] E4si3itt
4. Qgrel frejghE°] 0.10 oJsto]1L, P7F50%E HWom o4
2457} Apersiol6], o dAe] Y metaly] Siat A AT
| Za3HAIRH24], & AFof|A AT FA& 10712 /i A
et e HQlo] Qo 2EavEAS Aty

20 E HE5S 27| 18 (funnel plot)a} Egger's 3|7 24

)

19

[¢]

=
=

H
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= ol B7ISkAAL, Egger's 3|04 SuH o] «HJH%
Q- 271402 trim-and-fill &4 %%ﬁﬁ Z0Hee] Arr At

6. 22| 11

& A7 di7hEE et e Aol dejdAE i
tcHIRB No. CUIRB-2023-E013).

H ALoA B B2 F 27HO| Ao, WAL=
20199 EE 202572 20199 1H(3.7%), 20204 27H(7.4%),
20214 1H(3.7%), 20224 6W(22.2%), 20234 7H(25.9%), 2024
7H(25.9%), 20259 3B(LL2%901 ek A= 579] F71olA] Al
Holom, 3 11H(40.7%), T 118(40.7%), 37 3811.2%),
ul=t 13H(3.7%), 294 18(3.7%)0131.0H, AFEH(setting)> A
oiAk5] 231, WY 38, 29 1Ho|girk. 1=q19] ole 7122 604
o4} 147(51.9%), 654 o1} 13848, 1%)01 31054, e 7171
AR AT 6H(22.29%)0 % TS 38, Dty 11, WA A
A 1H0|9LT, EAwRLE ko2 T A 3HolglE. & AT
AAF = 19,4890 2 H= 68-6,183H0|Qal, HESES
=2 R 5H(18.5%), HIZHEA W 19%(70.3%), 252 U
S AABHA] G2 AT 3HE(1L.2%)°1 ). TR B A
W= 64.5-77.9A9AL, Wt AFE AAGHA] g2 A7} 6%
(22.2%)01 9Tt

EHL g =435t d3t= 22H(81.5%)°] o0, 8759
eHEALSE F=ol& Qs CeHEALSE AR&SH A7t 10H
(45.4%) 2.2 7P wekon], eHEALS 6% (27.3%), 3H=o]& okt
KeHEALS 6H(27.3%) <=0]%it}. DHL 7jd-& &%3t A4+ 53
(18.5%) 0.2 3453}9] DHTL-AQ 2H(40.0%), 125302 A5t
DHLI 13H(20.0%)°]1 2™, DHL g Ar&5}9 21 KeHEALS
B Z73F A7 23(40.0%)01 ATt

ol 9 /A 7[E2 AT A= 8H(29.6%) 0.8 HHE 5L
2= rdl(comprehensive model of information looking), e A}
2534 Zd(integrative model of eHealth use), EHL X @(elec-
tronic health literacy model), 7]&5H]48 2@ (technology read-

F

[0)

iness and acceptance model), 77344 0] Z(Salutogenesis), Z]4]-
H -3 5(KAB) 2dl, A7z sto]Z(health empowerment
theory), T3 &A1= X2 2 (chronic disease self-management
model)o] K Table 1).
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2) IO CIX|HEAZ|E{2{A] &3 HOl
£ ATolA 245 £ F 27804 =919 DHL 33 HlE
RJUSHA, A, P54, AZArE] A, 174 57) aRlo= B
A= thaa Zri(Table 2).
ol7LslA Qolo= dF 121 (44.4%), A48 121 (44.4%)0] 1,
Uz AtollAe A%, 43} DHL TAE AASHA] gkglet. 4l
A Q91 AT, 4 AA Az o R(0], 17 T 49
A 23(7.4%), QX715 3H(11.2%), WA 2= 3H(11.2%), =3
A 27E 6MQ22.2%), 1 £A 1HG.7%), 454 =2 14
(B.7%)°] ZF=|SIt. P54 8212 A% A P59 A =
6], Bl 1HEB.7%), A&A ARG e 1HE.7%), 474533
& 5H(18.5%), A EEMPE 1H(3.7%), Hotd FA AR 19
(3.7%), A7 B BE 4H(14.8%)°] AT HEASEA 29l
ALl A-gE 3t YA w-go&[6], wlo] gt Bt 1H(3.7%),
292 1H(3.7%), 7IE B8 1!?1(3.7%) AvrA A7 aszt 79
(25.9%), 7FER 1H(B.7%), A3 ARIS, 443, 943, A
2%, i) 1H(3.7%), AR WEE 1HGB.7%), X A71a53t 1
HE.7%), N FHF AT, G159 1HG.7%), =S 18
(3.7%), A24 1 1HG.7%), A A1d 18 (3.7%), La/d(sense
of coherence) 1H(3.7%), AF8]d 11§ 1H(3.7%), AF514 Z]A] 6
(22.29%), AFA A& 3H(11.2%), 71&4 A7 E5d 1HG6.7%), 71
SFEZ 2W(7.4%)°] ZFE L viAEo R QIAH 291 HE
£ oldfot &, dAlste Yo (6], k3to] gt Bz 19
(B.7%), A E A 7|& A HE 1HGE.7%), HAE JH3E 5
2W(7.4%), TS o] B7) 1H3.7%), AAHEHA 1H(3.7%), S
2]5 eHealth 587 1H((3.7%), Q141 eHealth 3-8 23H(7.4%),
AAE a4 1HB.7%), J4)E AUl F84 19(3.7%), ¥ A
A 7] 19(3.7%)°] =3I

5‘% e 27:‘594 o] EHﬁH 04?1} 291 01 9oz 4 i
3] =7 grEsrt
0484 o 22 %él, 5-749 f 57 F4, 84U off w2 FH=E
FROIATH27,28]. HE A4 iRt A7 diste] Al

61 AAstA o, mgeol] tigt FJE AAISHA e AT 64
(22.2%), A78H7(setting)o] AAE|A] ke AT 3T(11.1%), BV
o AF| Tt AFE B ARSI o E- WS Bhd et 4l
e E AASHA] & AT 3H(11.1%), &/ e ze} 41
TZ AASHA] g2 AT 23(7.4%)01 At WS BRISH AT
£ 24W(88.9%)°1 A o™, wkaelof gt A MRS AT At
£ 20H(74.1%)°1 . wehA] 2 o] 23HE BE FHES E
B7HA7L 67 oldo g AH o] 18 7F—o}f:h H&’it}
(Table 3). B7}A} 7o) A H7to] it A== &

hen’s Kappa#|4& A4St 23}, Kappa=.83°0.2 UrE}‘;tq-
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Table 1. Characteristics of studies included in systematic review and meta-analysis

No.

Theory

DHL degree

DHL scale

Concept

Age (yr)

Sampling

Convenience
Random
4,218  Stratified and

Sample size

Participants

265
265
260

Setting

Community

Country

Korea

Author (year)

Chae [A1] (2024)

3.90+0.52

KeHEALS
CeHEALS
CeHEALS

EHL

71.6£4.73
70.1£6.13
71.917.2

132
578

No

2.39+0.30

EHL

China Community

Cai et al. [A2] (2024)
Cao et al. [A3] (2023)

No

12.57+10.00

EHL

Community

China

multistage

186 Convenience

28.76+6.41

KeHEALS
eHEALS
eHEALS
eHEALS

EHL

75.6+£5.98
70.1£6.29
70.8+6.71
77.9+7.49

260
260
260
265

Community

Korea

Choi [A4] (2022)

No

17.24+£9.34

23.26+6.00
3.44£1.27
22.11+8.59

EHL

Stratified cluster
Convenience

1,201
490 NR

China Community

Cui et al. [A5] (2021)
Dai et al. [A7] (2024)

IMeHU
No

EHL

413

Community

China

EHL

Community
Hospital

Ghazi et al. [A8] (2023) Sweden
Hu et al. [A6] (2023)

Hwang et al. [A9]
(2024)

EHL CeHEALS C™M
DHTL-AQ

DHL

NR
76.314.67

Convenience
140 Convenience

260, CD 235

China

No

6.6417.46

265, living alone

Community

Korea

No

4.85+6.92

DHL DHTL-AQ

77.5£4.83

Korea Community 265, living alone 145 Convenience

Hwang et al. [A10]

(2025)

10

female
>65, COPD

24.66+£6.86  EHL model

EHL CeHEALS

NR

230 Convenience

Hospital

China

Jiang et al. [A11]

(2023)

1

TRAM

3.42+0.81

EHL eHEALS

NR

306 Convenience

Kim et al. [A12] (2023) Hong Kong Community >60

12

(Continued on the next page)
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Table 2. Classification of factors related to digital health literacy and results of studies

Correlation with DHL

Category Related variables MA " — NS
Demographic  Age 0 [A7,A9,A10,A11,A14,A1 [A4,A8,A15]
8,A19,A22,A23]

Sex (male) 0 [A8,A19,A22,A27] [A7] [A3,A9,A11,A14,A16,A18,A23]
Physical HRQoL 0 [A6,A27]

Cognitive function 0 [A9,A17] [A4]

No. of chronic diseases 0 [A10,A27] [A4]

Perceived health status 0 [A4,A7,A9,A10,A20,A23]

Sleep problem X [A9]

Successful aging X [A1]
Behavioral Adherence of medication X [A19]

Continued usage intention X [A12]

Health-promoting behavior 0 [A5,A17,A23,A24] [A15]

Health information-seeking behav- X [A4]

ior

m-health use X [A13]

Self-care behavior 0 [A24,A25,A26] [A22]
Psychosocial ~ Anxiety about the future X [A16]

Depressive symptoms X [A27]

Family care X [A8]

General self-efficacy 0 [A9,A11,A14,A18,A22,A24,A26]

Health agreeableness X [A6]

Health anxiety X [A20]

Health conscientiousness X [Ag]

Health extraversion X [A6]

Health neuroticism X [A6]

Health openness X [Ae]

Information satisfaction X [A16]

Information self-efficacy X [A8]

Innovativeness X [A12]

Loneliness X [A10]

Optimism X [A12]

Psychological distress X [A7]

Self-identity X [A2]

Sense of coherence X [A16]

Social isolation X [A10]

Social support 0 [A1,A11,A13,A18,A26] [A14]

Social capital 0 [A2]

Cognitive social capital 0 [A3] [A5]

Structure social capital 0 [A3,A5]

Technological self-efficacy X [A21]

Technophobia 0 [A11,A18]
Cognitive Aging attitudes X [AN1]

Attitude toward using DHT X [A12]

Digital information level 0 [A14,A21]

Educational participation motiva- X [A2]

tion

Health literacy X [A19]

Perceived eHealth importance X [A4]

Perceived eHealth usability 0 [A4,A12]

Perceived ease of use X [A12]

Perceived importance of app design X [A13]

Web search skills X [AN]

DHT, digital health technology; +, positive correlation; -, negative correlation; O, literature included in the meta-analysis; X, literature not included in
the meta-analysis.
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8, 07 & 2 01x]7)%,
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AR, 71E&3xS, HAE JESH . QA5 eHealth 8840z
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T2, A4
Z 14710]9lc}. WEHEAS 915 147 ¥le] axtar|E AdAls
M2 JYstotF om24], AP B¢ A7tutet ARG 2o Zpo]
7} 9lo] 9192t DHL H=9] TAE AR AAIgE A 28T
40l Z3tolirt. 89| A9 J/d7t o/49] DHL B4 A<=

RFHAE BE AAGE A7 8HoA H g4l BEHALE 0]
st} R 22004 Cohen’s dE T3t ¥, THA] AFHAIF(0E
W3S H24]. AFS] A A2 HA| AR % V\]ﬁ}%‘iﬂur Eal
Al A glo] ot 8QIE(FRA, AXA) ATAS TS AAl

OPO iS o

=gl g A, B, RN,
A ] 8122 WA WRLASYE ot

, AHl 4= 1074
2 g337] 43IASE ESr=.02 (95% confidence interval [CI],
-0.13 t0 0.17)2 EAA o2 Q9514 ottt Al44 Q9l9] ¥l

o A7 B 4] A, A4S, MRS S, B AR B
471 ¥Ql, AH & 13702 a337] ATAS$E ESr=.22 (95% CI,
0.11 to 0.32)8 27+ AT=712 Yehjlon, EAHos 90519
o WA 910] Mol ARSABS, A7 5 27 Wel,
A 4 N2 a337] A4 ESr=.40 (95% CI, 0.30 to 0.48)
o 37t ABA/1E dehyon], BAHE Gostsitt Helt
817 2910 Wl A a7, ABIE X, T1agRFO

Z
ek

sto] Aol A A|L]otet. weka] DHL 4 §iQl & 137H, A = 2 3370 W, A & 15702 537 A= ESr=.23 (95%
Table 3. Quality assessment of studies

No. Authors (year) Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Total
1 Chae [A1] (2024) Y Y Y Y Y Y Y Y 8
2 Cai et al. [A2] (2024) Y Y Y Y Y Y Y Y 8
3 Cao et al. [A3] (2023) Y Y Y N Y Y Y Y 7
4 Choi [A4] (2022) Y Y N Y Y Y N Y 6
5 Cui et al. [A5] (2021) Y Y N Y Y Y Y Y 7
6 Hu et al. [A6] (2023) Y Y Y N Y Y Y Y 7
7 Dai et al. [A7] (2024) Y Y Y Y Y Y N Y 7
8 Ghazi et al. [A8] (2023) Y Y Y Y Y Y Y Y 8
9 Hwang et al. [A9] (2024) Y Y Y Y Y Y Y Y 8
10 Hwang et al. [A10] (2025) Y Y Y Y Y Y Y Y 8
11 Jiang et al. [A11] (2023) Y Y Y Y Y Y Y Y 8
12 Kim et al. [A12] (2023) Y Y Y Y Y N Y Y 7
13 Kim et al. [A13] (2023) Y N Y Y Y Y Y Y 7
14 Kim and Sung [A14] (2022) Y Y Y N Y Y Y Y 7
15 Lee et al. [A15] (2019) Y Y Y Y Y Y Y Y 8
16 Leung et al. [A16] (2022) Y Y N Y Y Y Y Y 7
17 Li et al. [A17] (2020) Y Y Y Y Y Y Y Y 8
18 Luo et al. [A18] (2025) Y Y Y Y Y Y Y Y 8
19 Nam and Ha [A19] (2024) Y Y Y Y Y Y Y Y 8
20 Park [A20] (2024) Y Y Y Y Y Y Y Y 8
21 Ryu and Chae [A21] (2024) Y Y Y Y Y Y Y Y 8
22 Son and Han [A22] (2025) Y Y Y Y Y Y Y Y 8
23 Song and Shin [A23] (2020) Y Y Y Y Y Y Y Y 8
24 Wang et al. [A24] (2022) Y Y Y Y Y Y Y Y 6
25 Wong et al. [A25] (2022) Y Y Y Y Y N Y Y 7
26 Wu et al. [A26] (2022) Y Y Y N Y Y Y Y 7
27 Zhu and Yang [A27] (2023) Y Y Y Y Y Y Y Y 8

MR (%) 100

©
=

100

©
[oe]

100

©
=

100 100

Q1: Were the criteria for inclusion in the sample clearly defined?; Q2: Were the study subjects and the setting described in detail?; Q3: Was the exposure
measured in a valid and reliable way?; Q4: Were objective, standard criteria used for measurement of the condition?; Q5: Were confounding factors
identified?; Q6: Were strategies to deal with confounding factors stated?; Q7: Were the outcomes measured in a valid and reliable way?; Q8: Was

appropriate statistical analysis used?
MR, match rate; Y, yes; N, no.
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QIO CIX[EAAR E[2{A| 2 HOL MAX

=

CL 0.04 to 0.40)0.2 %7+ 713712 Yo, EAAoR &
oJstairt. XA 8219] ¥Rl A d HE3} =&, 14|H eHeat-
lh 98408 % 27) Hol, AH £ 4712 A037] ABASE
ESr=.50 (95% CI, 0.33 to 0.64)% 2 &3}37]|& Yehyor &7
07 90|59 tHTable 4),

o]y EAAT, Q7 2 R1(I’=89.2%, Q=83.50, p<.001), 41
A& 21(12=91.5%, Q=141.47, p<.001), HEA Q91(>=84.9%,
Q=52.93, p<.001), A A3 A Q1(1>=98.8%, Q=1,168.35,
p<.001), Q1A A Q91(1’=86.5%, Q=22.16 p<.001)2 o]d o] =&
A0 2 YEpTH(Table 4).

—
oIS

37|
137]of] et a3t37]= AFEANEFS 48
, TA" AW3} 422 ESr=.62 (95% CI, 0.55 to
0.69), 71&Z 2% ESr=-.55 (95% CI, -0.47 to -0.40)& & & 7}=
718 Yelon, SAH0R [folotqirt. 1735 W9 ESr=.42
(95% CI, 0.32 to 0.50), Z}7]2=]3<9] ESr=.38 (95% CI, 0.17 to
0.55), YA 27| F557F ESr=.37 (95% CI, 0.28 to 0.46), 1A=
eHealth 884 ESr=.37 (95% CI, 0.29 to 0.44), A}3]% A
ESr=.33 (95% CI, 0.24 to 0.42), 91%]7]% ESr=.28 (95% CI, 0.18
to 0.36), 2 A7AE ESr=.26 (95% CI, 0.16 to 0.36), T+
3} 4= ESr=-.15 (95% CI, -0.25 to -0.04) &0 & Z7t A3137|S
yergion, AH0g fostqint. mixuto g /82 ESr=.10
(95% CI, 0.02 to 0.18)0.& 22 §1177|& Yehor EA O

=
S

Table 4. Effect size of related factors for digital health literacy of older people

2 [-9otHtH(Table 4, Supplementary Figure 1),

ojd/dE BAT A}, AF*=94.7%, Q=18.70, p<.001), /g
(I’=73.4%, Q=26.30, p<.001), A7 A o] A(1*=98.2%,
Q=56.97, p<.001), Q1] 7]5(1*=51.0%, Q=4.08, p=.130), F3=
A3 (P=72.2%, Q=18.00, p=.003), A7ZSP(*=76.9%,
Q=17.33, p=.002), A7) 2] )(1=90.6%, Q=32.05, p<.001), &
by A7 8573 (12=79.6%, Q=29.48, p<.001), AF3]Z] A A
(I’=76.9%, Q=21.68, p=.001), 7]&5EZ(1?=96.7%, Q=29.91,
P<.001) o]dgo] &2 Aoz Yehgth A 4+(1°=0.0%,
Q=0.13, p=.714), 9X 8 HE3} $Z(?=0.0%, Q=0.02, p=.890),
Q1415 eHealth §-8-4(1’=0.0%, Q=0.54, p=.461)2 o|&4Jo] gl=
Z0& YepGh(Table 4).

a3

Sh7] 18l AEeHA, AAIA, s, ARARRA,
aRlo s W slste] Zt)7] = (funnel plot)S RIS
(Supplementary Figure 2). 71 A3}, QI78H], 4414, P54, 4
ARS]A, RIAA 29l B 7R A 7R 2R HHAS olF3

ol AEARl & T4 FIdl Egger's 3|74 AARE 2
3, QI78H g RI(standard error [SE]=2.04, t=0.51, p=.621), AIA|
2 QRI(SE=1.48, t=0.74, p=.472), ¥52 QRI(SE=2.18, t=-1.60,
p=.149), A t5]4 QQI(SE=5.13, t=0.44, p=.665)2] ETH|=

i
jahd)
o rot

e Ao eyttt AxA 2912 A =7t 4712 Egger's 3]
HAS Aok Zoote] vifhe 24 9 9] Rl trim-and-fill&

Homogeneity test

Related variables k ESr 950 Cl VA p ) E P

Total overall effect size 51 24 .16 to .32 5.80 <.001 1944.89 <.001 97.4
Demographic factors 10 .02 -13t0 .17 0.25 .802 83.50 <.001 89.2
Age 2 -.35 -.68 to .11 -1.48 136 18.70 <.001 94.7
Sex (male) 8 .10 .02 to .18 2.56 .010 26.30 <.001 73.4
Physical factors 13 22 .11 to .32 3.90 <.001 141.47 <.001 91.5
HRQoL 2 .33 -.04 to .62 1.77 .077 56.97 <.001 98.2
Cognitive function 3 .28 .18 t0 .36 5.70 <.001 4.08 130 51.0
No. of chronic conditions 2 -.15 -.25 to -.04 -2.68 .007 0.13 714 0.0
Perceived health status 6 .26 .16 to .36 4.84 <.001 18.00 .003 72.2
Behavioral factors 9 40 .30 to .48 7.50 <.001 52.93 <.001 84.9
Health-promoting behavior 5 42 .32 to .50 7.87 <.001 17.33 .002 76.9
Self-care behavior 4 .38 .17 to .55 3.40 .001 32.05 <.001 90.6
Psychosocial factors 15 23 .04 to .40 2.39 .003 1168.35 <.001 98.8
General self-efficacy 7 .37 .28 to .46 7.16 <.001 29.48 <.001 79.6
Social support 6 .33 24 to .42 6.58 <.001 21.68 .001 76.9
Technophobia 2 -.55 -.47 to -.40 -3.16 .002 29.91 <.001 96.7
Cognitive factors 4 .50 .33 to .64 5.33 <.001 22.60 <.001 86.5
Digital information level 2 .62 .55 t0 .69 12.35 <.001 0.02 .890 0.0
Perceived eHealth usability 2 37 29 to .44 8.51 <.001 0.54 461 0.0

CI, confidence interval; ESr, effect size; HRQoL, health related quality of life; I?, the proportion of true variance; k, number of cases; Q, Q-value between

subgroups.
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Appendix 1. Search strategy to identify relevant data from database

Number Search query
CINAHL: Results 1st search (n=9,585), 2nd search (n=647)
#1 (MH “Computer Literacy”) OR computer literac* OR digital health literacy OR digital health OR digital literacy OR digital disparity OR

digital divide OR technology literacy OR technology disparity OR technology divide OR health technology literacy OR mhealth literacy
OR m-health literacy OR mobile health literacy OR mobile health education OR ehealth literacy OR e-health literacy OR electronic
health literacy OR Internet literacy OR internet health literacy OR telehealth literacy OR tele-health literacy OR online literacy OR
telemedicine literacy OR tele-medicine literacy OR electronic health information OR electronic health information literacy OR web
based health literacy

#2 (MH “Aged+") OR old* OR aged person OR aging OR senior OR ((older* OR elder* OR aged) AND people) OR ((older* OR elder*) AND
adult?)

#3 S1 AND S2

PubMed: Results 1st search (n=3,689), 2nd search (n=1,519)

#1 "Computer Literacy"[Mesh] OR “computer literac*"[TIAB]

#2 digital health literacy[TIAB] OR digital health[TIAB] OR digital literacy[TIAB] OR digital disparity[TIAB] OR digital divide[TIAB] OR tech-

nology literacy[TIAB] OR technology disparity[TIAB] OR technology divide[TIAB] OR health technology literacy[TIAB] OR mhealth liter-
acy[TIAB] OR m-health literacy[TIAB] OR mobile health literacy[TIAB] OR mobile health education[TIAB] OR ehealth literacy[TIAB] OR
e-health literacy[TIAB] OR electronic health literacy[TIAB] OR Internet literacy[TIAB] OR internet health literacy[TIAB] OR telehealth
literacy[TIAB] OR tele-health literacy[TIAB] OR online literacy[TIAB] OR telemedicine literacy[TIAB] OR tele-medicine literacy[TIAB] OR
electronic health information[TIAB] OR electronic health information literacy[TIAB] OR web based health literacy[TIAB]

#3 “Aged”[Mesh] OR “Aged"[TIAB] OR “Elderly"[TIAB]

#4 "old*"[TIAB] OR "aged person”[TIAB] OR “aging"[TIAB] OR “senior"[TIAB] OR ((older*[TIAB] OR elder*[TIAB] OR aged[TIAB]) AND people[-
TIAB]) OR ((older*[TIAB] OR elder*[TIAB]) AND adult*[TIAB])

#5 #1 OR #2

#6 #3 OR #4

#7 #5 AND #6

Cochrane Library: Results 1st search (n=8,969), 2nd search (n=277)

#1 MeSH descriptor: [Computer Literacy] explode all trees

#2 computer literac* OR ((digital OR technology OR mhealth OR m-health OR mobile OR ehealth OR e-health OR electronic OR Internet OR

telehealth OR tele-health OR online OR telemedicine OR tele-medicine) NEAR/4 (literac* OR disparity OR divide)) OR mobile health ed-
ucation OR electronic health information OR web based health literacy

#3 #10R #2

#4 MeSH descriptor: [Aged] explode all trees

#5 old* OR aging OR senior ((ag* OR older* OR elder*) NEAR/2 (person* OR people OR adult*))
#6 #4 OR #5

#7 #3 AND #6
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Appendix 2. Included studies
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